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b Three-dimensional Structures Department, Fundación Instituto de Inmunología de Colombia (FIDIC), Carrera 50#26-20, Bogotá, DC 111321, Colombia 
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A B S T R A C T   

Adjuvants represent one of the most significant biotechnological solutions regarding vaccine development, 
thereby broadening the amount of candidates which can now be used and tested in vaccine formulations tar-
geting various pathogens, as antigens which were previously discarded due to their low or null immunogenicity 
can now be included. Adjuvant development research has grown side-by-side with an increasing body of 
knowledge regarding immune systems and their recognition of foreign microorganisms. Alum-derived adjuvants 
were used in human vaccines for many years, even though complete understanding of their vaccination-related 
mechanism of action was lacking. The amount of adjuvants approved for human use has increased recently in 
line with attempts to interact with and stimulate the immune system. This review is aimed at summarising what 
is known about adjuvants, focusing on those approved for use in humans, their mechanism of action and why 
they are so necessary for vaccine candidate formulations; it also discusses what the future may hold in this 
growing research field.   

1. Introduction 

Infectious diseases are still one of the main threats to human welfare 
(whether caused by parasites, viruses, or bacteria). The World Health 
Organization (WHO) reported that 3.2 million COVID-19-related deaths 
had occurred by September 2022, i.e. since its appearance in December 
2019. The main causes of death in 2020 were tuberculosis causing 1.2 
million deaths, HIV 680,000 and malaria 411,000, accompanied by in-
fections affecting more than 200 million people worldwide, leading to 
practically incalculable social and economic impacts (World Health 
Organization, 2020). Humanity has developed two main approaches for 
combating infectious diseases, i.e. medicines (able to control disease 
symptoms and/or causes) and vaccines (inducing the body’s natural 
defences to be better prepared when encountering the agent causing a 
particular disease). 

Science has made significant advances in both the aforementioned 
fields; a broad spectrum of bioactive molecules and formulations for 
controlling serious and chronic diseases (i.e. HIV or even cancer) has 
been introduced regarding medicines, whilst widespread polio 

vaccination has led to polio being eradicated in all continents except 
Asia, and there are now vaccines against diphtheria, hepatitis A and B, 
tetanus and COVID-19 (Cochi et al., 2014; Schuchat, 2011). However, 
even when combined, medicines and vaccines can only just control a 
very small percentage of the infectious diseases which can affect human 
beings; so, day-by-day, necessary advances are being made regarding 
research into the development of more and better technologies (World 
Health Organization, 2020). 

However, pathogenic microorganisms also adapt and evolve in 
response to human-devised treatments, thereby making each develop-
ment a more complex task, especially concerning the increasing 
appearance of microorganisms which are/have become resistant to 
treatment and the medications used to control them. The WHO defines 
microorganisms’ growing resistance to antibiotics as, “one of the 
greatest threats to human health, food security and development 
today”(World Health Organization, 2020). Vaccination has thus 
emerged as the best solution/tool for dealing with this problem. 

Extensive vaccine-related research data has been amassed since 
Edward Jenner created the smallpox vaccine in 1796(Riedel, 2005), i.e. 
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related to selecting an antigen, its production and formulation, the 
increasingly precise and detailed evaluation of its composition and 
mode of action (MoA). Much is still to be resolved regarding the immune 
system and its mode of microorganism recognition whilst its interaction 
with drugs and vaccines is far from being fully understood. Vaccination 
is superior to using medicine in two ways; patients usually receive a 
vaccine before they have come into contact with a particular disease (i.e. 
people do not suffer any symptoms which might affect their quality of 
life (QOL)) and disease-causing microorganisms’ resistance is less 
common due to vaccine MoA complexity (Kennedy and Read, 2017, 
2018). However, vaccine development is a much slower process, 
demanding greater investment in time and money, and convincing re-
sults are more difficult to achieve. 

The vaccine concept is quite simple; a host’s immune system must be 
trained via a series of inoculations of a formulation based on a target 
disease-causing microorganism so that the host immune system knows 
in advance what it is going to face and how to respond once the infec-
tious agent enters or makes contact with the body. Vaccine development 
is then focused on the specific composition of the formulation to be used 
(i.e. derived from the target microorganism that it is proposed to attack) 
and on the effective evaluation of a vaccine candidate and the immune 
response induced by it (Excler et al., 2021a). All the above was put to the 
test at the end of 2019 when a new virus emerged in Wuhan (China) and 
triggered a global pandemic infecting and causing the deaths of millions, 
border closures, quarantine and incalculable economic impacts, i.e. the 
SARS-CoV-2 virus and its associated disease, COVID-19, whose global 
impact has not yet reached its conclusion or been resolved (Cheval et al., 
2020). 

Study and research regarding adjuvant use as a vaccine component 
have significantly increased nowadays; adjuvants are compounds that 
enhance immune system activation and recognition of a vaccine’s active 
component, especially concerning subunit-based vaccines. This review 
has thus been focused on this significant concept, placing special 
emphasis on what they are, why their use is necessary, what has been 
used to date in different formulations and what remains to be done 
concerning their study and development. 

2. Vaccine development 

As already mentioned, the vaccine concept (from the Latin “vacca”, 
cow, in honour of the animal used in developing the first vaccine) was 
born from Edward Jenner’s experiments and observations at the end of 
the 18th century when studying the development of smallpox in his 
patients. Dr Jenner noted that human smallpox development became 
considerably milder by inoculating his patients with serum extracted 
from the pustules of cowpox infected-cows and, in some cases, almost 
non-existent (Riedel, 2005). Since then, this approach has been tried 
with each disease afflicting humans and it is usual to refer to them as 
first-generation vaccines, or those based on the complete 
disease-causing microorganism. 

The concept behind them is that inoculating small doses of a disease- 
causing agent induces a strong enough response from a targeted immune 
system to control it before the pertinent disease develops and a patient’s 
health/QOL becomes affected. Unfortunately, this has only led to the 
development of a handful of vaccines and, currently, there have been 
more failed attempts than successful ones (Pollard and Bijker, 2020). 

Microorganism evolution is one of the reasons behind first- 
generation vaccines’ modest success as they promote pathogen avoid-
ance of recognition by a host’s immune system during invasion and 
infection (Bernard et al., 2018; Day et al., 2022). Nevertheless, alter-
native infection routes mean that infection continues, even when rec-
ognised or blocked by a targeted body’s defences (Casares and Richie, 
2009); pathogens’ high mutation rate also makes an immune response 
capable of controlling infection by one microorganism variant/strain 
incapable of controlling infection by another microorganism from the 
same species (Mengist et al., 2021). 

Such approaches have not been viable for some disease-causing 
agents despite significant developments involving the use of in vitro 
cultures for attenuating pathogens (instead of using an unusual host for 
them) and advances in chemical inactivation of pathogens to be used as 
vaccine candidates. The most notorious case concerns the hepatitis B 
virus (HBV). It had proved impossible to produce large quantities of 
attenuated or inactivated virus by the end of the 20th century; it could 
not be multiplied in cell culture, even though it had been discovered and 
characterised as the cause of hepatitis B (Paran et al., 2001; Plotkin, 
2014) and as it only infects humans and some primates (Szmuness et al., 
1981). However, the hepatitis B virus surface antigen (HBsAg) was 
identified in the bloodstream of infected patients (Blumberg et al., 
1965), leading to the first vaccine targeting HBV being developed via its 
purification and characterisation; it did not last long on the market due 
to health-related preoccupations as it had been obtained from chronic 
patients’ sera. 

Stimulated by this, vaccine development R&D moved away from the 
complete microorganism (whether live but attenuated or killed) as the 
focus for formulation; researchers also opted for using part of a micro-
organism as antigen (commonly known as the subunit-based vaccine 
approach) (Plotkin, 2014). Identifying apt subunits for vaccine pro-
duction led to what is known as reverse vaccinology which tries to 
identify the best vaccine candidates from in silico studies (Masignani 
et al., 2002; Rappuoli, 2001). 

This is how well-known second-generation vaccines or subunit-based 
ones arose; they use part of the total microorganism, usually proteins 
(including lipo- or glyco-proteins (Chong et al., 2015; Lindberg, 1999)), 
to stimulate a patient’s immune system. R&D regarding this type of 
vaccine requires deeper knowledge of the target microorganism’s 
biology, immune response induction and vaccine formulation. 

Vaccine candidates’ relatively low immune response represents one 
of the main drawbacks to be resolved regarding subunit-based vaccine 
R&D, being even null in some cases, despite the type of subunit chosen 
(Cobey et al., 2018; Shrestha et al., 2019). This is how the adjuvant 
concept (from the Latin “adiuvantis”, the one who helps) arose con-
cerning a substance that, when added to a vaccine candidate’s formu-
lation, is capable of enhancing recognition and immune response against 
a particular candidate (McKee and Marrack, 2017). A second concept, 
the delivery system, also emerged during subunit-based vaccine 
research; this concerns the vehicle for protecting a formulation and is 
responsible for maintaining its integrity against living systems’ natural 
degradation whilst reaching its action site (Ding et al., 2021; Sahdev 
et al., 2014). 

The forgoing highlights the challenge of vaccine development lying 
in identifying or designing the best antigen regarding the choice of the 
best components when developing a formulation, i.e. a delivery system, 
excipients and the adjuvant to be used. Fig. 1 summarises different ap-
proaches for choosing the active component in vaccine development, as 
well as the rest of the formulation. 

3. The immune system 

Vaccines involve a host’s immune system making the first contact 
with a pathogen (or part of it) before natural infection occurs, thereby 
inducing cellular and humoral immune responses. 

However, knowledge and understanding regarding how an immune 
system recognises and differentiates pathogens for inducing a response 
capable of controlling diseases is constantly changing and being 
discovered. Our understanding of vaccines and designing them and their 
components is thus continually changing (Cunningham et al., 2016; 
Xing et al., 2020). An increasing amount of reviews have covered the 
immune system recently. It has two very-well studied parts: the innate 
immune system and the adaptive immune system (Ali et al., 2023; 
Chowdhury et al., 2020; Spacova et al., 2023; Zhang et al., 2023). The 
innate system involves immediate action but lacks memory whilst the 
adaptive system’s action is slower but acquires memory, is more specific 

C. Reyes and M.A. Patarroyo                                                                                                                                                                                                                



European Journal of Pharmacology 945 (2023) 175632

3

and improves quantitatively and qualitatively with successive exposure 
to a particular pathogen. 

Very briefly, the innate immune system is responsible for the first 
recognition of foreign microorganisms in the body as the first line of 
defence (skin, mucous membranes, etc.), along with the human body’s 
entry barriers, and provides the first and rapid response to them. Initial 
recognition occurs through a series of receptors arranged on the surface 
of and inside a specific set of cells (dendritic cells (DC), macrophages, 
neutrophils, etc.). Such pattern recognition receptors (PRR) represent a 
broad variety of receptors responsible for recognising specific signals 
from microorganisms associated with infection, invasion and/or disease. 
Toll-like receptors (TLRs), NOD-like receptors (NLRs) and RIG-I-like 
receptors (RLR) have been identified to date and classified within this 
group. TLRs recognise specific bacterial, viral, fungal and protozoan 
patterns, whilst NLRs detect intracellular bacteria and RLRs detect virus- 
derived nucleic acids (Kumar et al., 2011; Wicherska-pawłowska et al., 
2021) (Fig. 2). 

PRR recognise pathogen-associated molecular patterns (PAMPs) and, 

although each pathogen is unique, some of these patterns are common to 
all of them. Recognising these patterns is the signal that alerts the im-
mune system to the presence of a foreign organism within the body, 
triggering an effector immune response capable of eliminating it 
(Wicherska-pawłowska et al., 2021). 

Adjuvants act by enhancing the innate immune system’s response 
magnitude, breadth, and durability; the potency of them is closely 
related to their abilities to be recognised as pathogens/foreign bodies 
through such receptors. It is expected that a vaccine’s active component 
will become recognised, thereby triggering a specific and long-lasting 
immune response to be mounted through the adaptive immune system 
(Excler et al., 2021b). This type of immune response consists of cells 
(mainly B- and T-lymphocytes), cytokines, chemokines and antibodies 
(Flajnik and Kasahara, 2010; Hillion et al., 2019; Netea et al., 2019). 

4. Adjuvants 

Adjuvants arose from the need to increase some vaccine candidates’ 

Fig. 1. Different approaches to choosing an active principle for vaccine development and the most usual components used in their formulation.  

Fig. 2. The receptors involved in innate immunity (TLRs, NLRs and RLRs), recognised ligands capable of activating them (the NLR classification described in (Kim 
et al., 2016) and the proteins forming part of each group are shown in brackets). 
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immune response, especially subunit-based ones, as their size and 
complexity were not sufficient to significantly stimulate the immune 
system (McKee and Marrack, 2017). First developments involved a 
protein derived from a highly infectious pathogen (tetanus or diphtheria 
toxoid), covalently linked to polysaccharides (to attenuate toxicity), 
being expressed and administered together with the active component, 
thereby overcoming the product’s limited immunogenicity. This led to 
the development of toxoid-based vaccines, taking advantage of their 
early recognition by the immune system (Hermanson, 2013). However, 
toxoid-based vaccines are only available for bacteria that use exotoxins 
as a means of facilitating invasion or infection. 

Later on, Aluminum was subsequently introduced to the market, 
becoming one of the most extensively recognised and widely-used ad-
juvants; it remained the only one available for the development of any 
type of vaccine for more than half a century and is still widely used 
today, along with its derivatives (Kool et al., 2012). 

Introduced in 1926, Aluminum-based adjuvants were the first to 
receive approval for clinical use in humans and, whilst they have been 
very useful re inducing a strong humoral response, they have not been 
shown to be as good at eliciting a cellular immune response (along with 
adverse effects at the inoculation site), limiting their application 
(Oleszycka et al., 2018; Tomljenovic and A. Shaw, 2011). 

Although their mechanism of action (MOA) has not been fully 
elucidated, it has been proved that aluminum salts interact with NLRP3 
inflammasome (a NOD innate immunity receptor, Fig. 2), interact 
directly with DC and/or induce apoptosis or cell damage at the inocu-
lation site, thereby releasing the necessary signals (damage-associated 
molecular patterns - DAMPs) for recruiting immune system cells (Flach 
et al., 2011; Franchi and Núñez, 2008; Kool et al., 2008; Quandt et al., 
2015). Finally, derived from its use for a very long time, 
Aluminium-based adjuvants are generally considered safe as well as 
non-pyrogenic and non-carcinogenic or teratogenic, however, as per 
their MoA, local reactions are commonly reported lasting for up to eight 
weeks (Lindblad, 2004). 

Recent advances regarding adjuvant regulation and knowledge 
concerning the immune system have led to a significant growth in 
emulsion adjuvant use; emulsions, such as MF59 (Novartis), AS02 and 
AS04 (GSK), AF03 (Sanofi Pasteur), SE and derivatives (Infectious Dis-
ease Research Institute), ISA720 and ISA51 (Seppic), have been intro-
duced to the market (Wang and Xu, 2020). Emulsion-based adjuvants 
are considered in general as safe, but as expected, they carry a risk of 
local or systemic reactions, most of them in the mild-to-moderate range. 
There have been no evidence of pregnancy risk or any increased risk of 
adverse events such as Guillain-Barré syndrome. It must be noted that 
water in oil (w/o) emulsions are associated with an increase reac-
togenicity which have limit their use to a therapeutic setting (Fox and 
Haensler, 2013). 

Liposome-based adjuvants, such as AS01-AS015 (GSK), have been 
used in vaccine candidate formulations against herpes zoster, malaria 
and melanoma (Sangrix, Mosquirix MAGE-A3) (Dreno et al., 2018; 
Vansteenkiste et al., 2016). Liposomes reduce other formulation com-
ponents’ haemolytic effect as they consist of cholesterol and fatty acids, 
whilst increasing their biocompatibility and biodegradability. Under 
clinical trials, the consensus is that vaccine formulations involving 
liposome-based adjuvants are well-tolerated, safe and have no addi-
tional side-effects up to date (Schmidt et al., 2016). 

Virus-like particles (VLPs) (originally developed as a delivery sys-
tem) have also been used as adjuvants. Viruses invade cells by inter-
acting with specific cell surface receptors. They then release their 
contents inside them; however, since the immune system has specific 
receptors for recognising viruses and defending itself against them, VLPs 
fulfil a dual function: adjuvant and adjuvant delivery system (Denis 
et al., 2007, 2008; Rioux et al., 2012). Regarding their use, since the 
viral particle has no ability to replicate meaning that they are considered 
safe, a feature that has been proved in several clinical trials against i.e. 
malaria, HPV and HBV (Mohsen et al., 2017). 

The more recent development of adjuvants has focused on including 
innate immune system receptor agonists in vaccine candidate formula-
tions. TLR agonists have been the most widely used; they can trigger a 
natural alert in the immune system by stimulating these receptors so that 
the body responds as it would against natural infection (Shi et al., 2020). 

Many adjuvants are still being studied and developed and most have 
not been approved for human use. Vaccines’ MoA when using such 
adjuvants are not entirely clear and there may be some side effects; 
however, the need for including adjuvants in most subunit-based vac-
cines is clear (Wang and Xu, 2020). 

Adjuvants can thus be classified according to their composition and 
MoA. Cell damage at the inoculation site, releasing DAMPs and 
recruiting immune system cells are the main MoA for adjuvants such as 
aluminium or QS21 derivatives (purified extracts from the soap bark 
tree Quillaja Saponaria). Particulate adjuvants’ (i.e. liposomes, nano-
particles or ISCOMs - immunostimulating complexes) morphology and 
composition enable suitable interaction with antigen-presenting cells 
(APC) and, therefore, better immune system stimulation. Some adju-
vants work by stimulating innate immune system receptors (mainly 
TLRs) to initiate the recruitment and recognition of the active principle 
accompanying them (McKee and Marrack, 2017) (Fig. 3). 

5. Currently-available adjuvants’ mode of action 

New adjuvant approval has become increasingly necessary but, at 
the same time, more difficult to obtain, mainly because it is not always 
easy to ascertain that an adjuvant fulfils its function of safely recruiting 
the cells in charge of the immune response, without inducing any type of 
adverse effect. A deep understanding of the possible interactions be-
tween the immune system and any substance planned to be used as an 
adjuvant is thus necessary to ensure this. Even the MoA and possible 
adverse effects of adjuvants that have already been approved and used 
for many years have not been fully understood to date. The following 
section will outline what is known about some of the currently available 
adjuvants approved for use in human vaccines. 

For a long time it was believed that aluminum salt-based adjuvants 
owed their activity and potency to a “depot effect” or deposit at the 
inoculation site, releasing an antigen in a controlled time-based manner. 
This was subsequently attributed to their ability to stimulate the innate 
immune system not through classic TLRs but through interaction with 
NLRP3 inflammasome (an NLR). It has also been extensively described 
that using alum-based adjuvants causes tissue damage at the inoculation 
site, releasing DAMPs and thus recruiting immune system cells (Eisen-
barth et al., 2008; Kool et al., 2008; Moyer et al., 2020). All this partly 
explains why aluminum has been so widely used and is still today the 
standard adjuvant against which others are compared (Table 1). 

MF59 has emerged in recent times as the first adjuvant to be 
authorised for human use, succeeding aluminum-based adjuvants’ 
dominance. MF59 is a squalene-based oil-in-water emulsion, stabilised 
with Tween 80 and Span 85 as surfactants. Although its complete MoA is 
still a mystery regarding vaccine development, it has been shown to 
involve chemokine and cytokine production (i.e. CCL2, CCL4, CCL5 and 
IL-8) upon recognition by APC (O’Hagan et al., 2012). It has also been 
reported recently that MF59 can activate necroptosis through the RIPK3 
receptor; however, blocking other components of the same signalling 
cascade has not been able to completely abolish MF59 activity (Kim 
et al., 2020) (Table 1). It is generally accepted now that the immune 
response induced by a vaccine formulation adjuvanted with MF59 is 
shifted towards a Th1 profile (O’Hagan et al., 2012). 

Adjuvant system 01 (AS01) is a combination of QS-21, cholesterol 
and monophosphoryl lipid A (MPL) formulated in liposomes including 
the antigen of interest. QS-21 is a potent adjuvant capable of activating 
caspase-1 signalling pathways; however, it must be formulated with 
cholesterol to reduce its reactogenicity and avoid side-effects, whilst 
MPL is a TLR4 agonist. Immune system activation by formulations using 
this adjuvant thus occurs through these two pathways’ synergy (Coccia 
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et al., 2017; Detienne et al., 2016) (Table 1). As well as MF59, AS01 have 
been described to induce a robust Th1 type immune response when use 
in a vaccine formulation (Lee and Nguyen, 2015). 

AS03 is closely related to MF59 as squalene is also included in its 
formulation; however, AS03 also includes vitamin E (tocopherol) which 
has been reported to be able to stimulate cytokine and chemokine pro-
duction, i.e. IL6 and CXCL10. Nevertheless, joint action on the immune 
system, along with squalene emulsion, is yet to be elucidated (as is that 
of MF59) (Howard et al., 2017; Kim et al., 2020) as well as its induced 
type of immune response (Table 1). 

AS04 is made from MPL (just like AS01) absorbed on an aluminum 
matrix, so its action is a combination of TLR4 stimulation by MPL and 
aluminum-based formulations’ already-described characteristics. AS04 
action must imply some type of synergistic effect since separate antigen 
formulations involving aluminum and MPL have not achieved the re-
sults obtained with formulations using AS04 (Didierlaurent et al., 2009; 
Garon et al., 2011; Kundi, 2007) (Table 1). Being a combination of two 
different adjuvants, it is interesting to note that AS04 retains the MPL 
ability to induce a robust Th1 type immune response with the alum only 
prolonging the local cytokine responses at the injection site (Levast 
et al., 2014). 

Cytosine-phosphoguanosine (CpG) is the main CpG 1018 compo-
nent; it is a nucleic acid-based adjuvant whose MoA is due to its ability to 
stimulate the immune system through TLR9 and RLRs. It is worth noting 

that CpG 1080’s MoA and potency are modifiable through its degree of 
polymerisation, ranging from DC activation without INF-γ production 
(monomer form) to high APC activation and INF-γ production via TLR9 
(polymer forms) (Campbell et al., 2009; Guiducci et al., 2006; Hart-
mann, 2017) (Table 1). 

6. Adjuvant design 

Understanding and in-depth knowledge regarding immune system 
functioning (both innate and adaptive) during recent decades have been 
the driving force behind new adjuvants’ development and design. 
Aluminum-based adjuvants were the only option re vaccine develop-
ment for more than half a century, even when lacking full knowledge 
concerning their MoA. MF59 and AS0X were introduced as new adju-
vants, having proven effectiveness and safety, thereby enabling them to 
be approved for use in human vaccines. Many other compounds have 
been studied since then as potential adjuvants. 

As PAMPs (microorganism-derived) and DAMPs (host MoA-related) 
can trigger an innate immune response, adjuvant research has mainly 
focused on stimulating human warning signs (PRRs). TLR agonists have 
been the most widely tested and studied, in combination with different 
active components; however, there is still a long way to go, since many 
immune system receptors have not been explored. Similarly, mixing 
adjuvants to obtain a synergistic effect has not yet been thoroughly 

Fig. 3. Types of adjuvants and their mode of action (MoA) (adapted from (Tizard, 2021)).  

Table 1 
US Food and Drug Administration (FDA, US) approved adjuvants for human use and some vaccines in which they have been used (“Food and Drug Administration,” 
2022). *Approved under emergency use authorisation.  

Adjuvant Composition Mode of action Vaccines Refs. 

Alum Alum hydroxide oxide/ 
Alum hydroxy phosphate 

Depot effect, NLRP3 inflammasome activation and 
cell death induced at the inoculation site. 

Anthrax, diphtheria, hepatitis A and B, 
japanese encephalitis, pneumococcal 
disease, others. 

(Eisenbarth et al., 2008; Kool 
et al., 2012; Moyer et al., 2020) 

MF59 Squalene, Tween 80 & 
Span 85 

Cytokine and chemokine induction and RIPK3 
stimulation 

Influenza (Kim et al., 2020; O’Hagan et al., 
2012) 

AS01 MPL, QS21 & Liposomes TLR4 and caspase-1 immune stimulation Shingles (Coccia et al., 2017; Detienne 
et al., 2016) 

AS03 Squalene, α-Tocopherol & 
Tween 80 

Cytokine (IL-6) and chemokine (CXCL10) induction Swine flu (Howard et al., 2017; Kim et al., 
2020) 

AS04 Alum & MPL Depot effect, NLRP3 inflammasome activation, TLR4 
immune stimulation and cell death induction at the 
inoculation site. 

Human papilloma virus (HPV) (Didierlaurent et al., 2009; Garon 
et al., 2011; Kundi, 2007) 

CpG 
1018 

Single stranded DNA TLR9 immune stimulation and IFN-γ Hepatitis B (Campbell et al., 2009; Guiducci 
et al., 2006; Hartmann, 2017) 

Matrix 
M* 

QS21 saponins, 
cholesterol & 
phospholipids 

ND COVID-19 Novavax Rueda-Fernández et al. (2022)  
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investigated (Dong and Kobinger, 2013; Pogostin and McHugh, 2021; 
Pulendran et al., 2021). 

The path towards new and better adjuvants is open for exploration in 
an era in which great strides are being made towards new discoveries 
concerning the immune system, significant advances in biotechnology 
and nanotechnology and the identification of potential vaccine candi-
dates targeting infectious diseases and cancer. New adjuvant design/ 
discovery must promote/endorse the following characteristics; an 
adjuvant must be a stable compound having a lengthy half-life, biode-
gradable, easy to synthesise or obtain at low or moderate cost, must not 
induce an immune response against itself and should promote an 
appropriate immune response when used in a specific formulation. 

Advances have been made, reviewed and improved for decades now 
regarding the in silico prediction of vaccine candidate epitopes capable 
of being recognised by B- and T-cells (Jespersen et al., 2017; Reynisson 
et al., 2020); however, no bioinformatics tool has yet been developed 
enabling an initial evaluation of substances’ adjuvant capacity from 
their composition or origin. 

The type of T-lymphocyte-associated effector response following 
stimulation by a formulation must be considered when choosing an 
adjuvant and developing a vaccine (a thought-provoking topic beyond 
the scope of this manuscript). Certain types of response are preferable to 
others (depending also on the disease under treatment) and this is 
dictated by the whole formulation, including its active compound and 
the chosen adjuvant (Mattsson et al., 2014; Oleszycka et al., 2018; Safar 
et al., 2020). The type of T-lymphocyte effector response may become 
affected, depending on the MoA used by an adjuvant to recruit and 
activate innate immunity components, i.e. aluminium, traditionally 
described as a Th2-type immune response activator by causing damage 
at the inoculation site (Kool et al., 2008) or ML59, described as an strong 
Th1-type immune response inducer (O’Hagan et al., 2012). 

7. Beyond vaccines 

Infectious diseases do not represent the only end-point for adjuvant 
R&D, as they have a huge potential impact on immunotherapy (i.e., the 
use of a patient’s own immune system to fight cancer and other ill-
nesses). Fighting cancer is not an easy task as a means of differentiating 
healthy cells from infected ones has not yet been accomplished, 
implying that killing healthy cells is a side-effect of treatments for 
fighting cancer, thus having a severe impact on patients’ health. 
Adjuvant-based immune system activation has thus been seen as an 
efficient way of fighting and destroying cancer cells without triggering 
such side-effects; however, complete safety must be ensured when using 
an adjuvant in immunotherapy (since a cancer patient’s health has 
already become altered and defences are lower), along with a fully- 
described physiological effect (i.e. clearly established pharmacody-
namic profile) and transport into, through and out of the body (phar-
macokinetic profile) (Li et al., 2020; Lin et al., 2020; Luchner et al., 
2021). 

Nevertheless, there is increasing interest in developing new adju-
vants as the complete MoA of the handful of known adjuvants is not 
completely understood; however, they can significantly improve cancer 
treatment efficacy when combined with current therapeutics and med-
icines, given the broad range of diversity involving cancer malignancies 
and an acceptable risk regarding trade-off (Marriott et al., 2023). 

8. Final comments 

Adjuvants have been one of the most important tools developed 
regarding vaccine and immune system study; many unknown elements 
have been elucidated via them regarding how the body recognises and 
manages microorganism-related infections and its natural responses 
have been considered in the field of vaccine development. However, 
there are still many unanswered questions surrounding currently- 
approved adjuvants and many more are presently in trials/being 

tested. Such is the case of polyriboinosinic:polyribocytidylic acid (poly 
(I:C)), a potent TLR3 agonist that have been under research for more 
than a decade now (Matsumoto and Seya, 2008), and have been tested in 
both vaccine development and cancer treatment. Another example 
being Imiquimod, a compound known as an immune response modifier 
that was FDA-approved for its topic use against genital warts and su-
perficial basal cell carcinoma, is also being studied recently for its ability 
to stimulate the immune system through TLR7 activation. 

The study of and developments regarding new and better adjuvants 
must be continued to enable combating current and future/as-yet- 
unknown diseases scourging humanity, such as the recent pandemic 
resulting from SARS-CoV-2. Approaches to/treatment of infectious dis-
eases would benefit from more and better adjuvants, since they have 
started to be included when studying cancer and autoimmune diseases, 
leading to highly promising results, at least at laboratory level. 
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Acronyms 

HIV human immunodeficiency virus 
WHO World Health Organization 
MoA mode of action 
QOL quality of life 
HBV hepatitis B virus 
HbsAg hepatitis B virus surface antigen 
R&D research and development 
PRR pattern recognition receptor 
TLR Toll-like receptor 
NLR NOD-like receptor 
RLR RIG-I-like receptor 
PAMP pathogen-associated molecular pattern 
DAMP damage-associated molecular pattern 
QS21 Quillaria saponaria fraction 21 
MPL monophosphoryl lipid A 
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