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Abstract
The SARS-CoV-2 outbreak has posed a plethora of problems for the global healthcare system and socioeconomic burden. 
Despite valiant efforts to contain the COVID-19 outbreak, the situation has deteriorated to the point that there are no viable 
preventive therapies to treat this disease. The case count has skyrocketed globally due to the newly evolved variants. Despite 
vaccination drives, the re-occurrence of recent pandemic waves has reinforced the importance of innovation/utilization of 
immune-booster to achieve appropriate long-term vaccine protection. Plant-derived immuno-adjuvants, which have multifac-
eted functions, can impede infections by boosting the immune system. Many previous studies have shown that formulation 
of vaccines using plant-derived adjuvant results in long-lasting immunity may overcome the natural tendency of coronavirus 
immunity to wane quickly. Plant polysaccharides, glycosides, and glycoprotein extracts have reportedly been utilized as 
enticing adjuvants in experimental vaccines, such as Advax, Matrix-M, and Mistletoe lectin, which have been shown to be 
highly immunogenic and safe. When employed in vaccine formulation, Advax and Matrix-M generate long-lasting antibod-
ies, a balanced robust Th1/Th2 cytokine profile, and the stimulation of cytotoxic T cells. Thus, the use of adjuvants derived 
from plants may increase the effectiveness of vaccines, resulting in the proper immunological response required to combat 
COVID-19. A few have been widely used in epidemic outbreaks, including SARS and H1N1 influenza, and their use could 
also improve the efficacy of COVID-19 vaccines. In this review, the immunological adjuvant properties of plant compounds 
as well as their potential application in anti-COVID-19 therapy are thoroughly discussed.
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Abbreviations
AE	� Aqueous extract
COVID-19	� Coronavirus infectious diseases-19
ECD	� Extra cellular domain
DCs	� Dendritic cells

FDA	� Food and Drug administration
FMD	� Foot and Mouth Disease
GC	� Germinal center
GI	� Gamma inulin
GMC	� Geometric mean concentration
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GMT	� Geometric mean titer antibody
GMFR	� Geometric mean fold rise
GSLS	� Ginseng stem-and-leaf saponins
ACE2	� Angiotensin converting enzyme-2
HBsAg	� Hepatitis B antigens
HIV	� Human Immunodeficiency Virus
HPV	� Human papillomavirus
JEV	� Japanese encephalitis virus
MPI	� Micro-particulate Inulin
MPL	� Monophosphoryl lipid A
NLA	� Neospora lysate antigen
OVA	� Anti-bystander antigen
QB	� Quillaja brasiliensis
QS	� Quillaja saponaria
rS	� Recombinant spike
SARS	� Severe acute respiratory syndrome
SARS-CoV-2	� Severe acute respiratory syndrome corona-

virus 2
ScLL	� Synadenium carinatum latex lectin
SpFN	� SARS-COV-2-Spike-Ferritin-Nanoparticle
TDM	� Trehalose-6,6′-dimycolate
TIV	� Trivalent Inactivated influenza vaccine
WHO	� World Health Organisation

Introduction

In March 2020, the World Health Organization (WHO) 
affirmed the COVID-19 outbreak an international public 
health emergency. However, there is a state of panic in the 
world as a result of recent COVID-19 outbreaks caused by 
a new variant of concern. Emergency approval of few vac-
cines and drugs is permitted by WHO and FDA, USA. The 
emergence of SARS-CoV-2 variants raised concerns about 
the efficacy of the approved drugs and vaccines, which are 
still being investigated. The current standard operating pro-
cedures to control the infection include early diagnosis to 
reduce the chances of secondary infection, followed by isola-
tion of cases, and supportive care using preventive and thera-
peutic strategies, which include a combination of antiviral 
drugs, antibiotics, corticosteroids, etc. [1]. In late 2021, India 
faced massive surge of COVID-19 cases. From the start of 
the pandemic, many attempts were made to spot the pos-
sible drugs against this disease [2–5]. With the great effort 
of the scientific community, many FDA/WHO-approved 
drugs are now available to combat the severity associated 
with SARS-CoV-2 infection. Many of these are repurposed 
drugs that have anti COVID-19 activity. Numerous com-
pounds are still being evaluated in many stages of clinical 
trials. More than 3000 clinical trials on COVID-19 are cur-
rently underway as of January 18th, 2022, with new ones 
being added every day. Undergoing trials may take months 
or years to develop and hit the market, implying that prompt 

therapy is urgently required. Efforts have been made globally 
to find preventive and therapeutic strategies to mitigate the 
illness of COVID-19 disease. The COVID-19 virus imposes 
detrimental effects on all groups of people, regardless of 
their age, gender, race, or physical condition. However, 
in comparison to immune-competent people, the elderly, 
immune-compromised, and those with co-morbidities are 
more likely to acquire infection and endure severe forms 
of the disease, implying that immunity acts as a weapon 
against SARS-CoV-2 infection [5]. Despite the fact that the 
efficacy of vaccinations against SARS-CoV-2 has yet to be 
proven, numerous predictions have been made around the 
world about vaccine effectiveness over time. As a result, 
any clue to improving the efficacy and safety of vaccinations 
remains an unmet therapeutic need. Traditional medicine, 
which has a gigantic reservoir of bioactive compounds with 
broad therapeutic and immune-potentiator properties that 
have been extensively employed during previous epidemic 
outbreaks such as SARS and H1N1 influenza, could be a 
boon in the fight against COVID-19. Natural products are a 
reservoir of novel remedies; between 1st Jan-1981 and 30th 
Sep-2019, approximately 441 (23.4%) out of 1881 approved 
new chemical entities were isolated from natural products 
of plants and other organisms [6]. Plants have been used 
as traditional medicines for both communicable and non-
communicable diseases for centuries. Since the advent of 
modern drug discovery techniques, plants with medicinal 
value have been studied for being novel therapeutic agents 
[7, 8]. India, China, and South Korea are among the coun-
tries that have issued guidelines on traditional regimens for 
the prevention and management of COVID-19 [9]. Plant 
products are highly competent due to their pharmacologi-
cal properties, ease of availability, and safety profile, mak-
ing them an ideal instant cure for boosting immunity and 
competing with the new corona virus [10]. Several plants 
and their phyto-constituents with proven medical value have 
the capability to work as immune-boosters to alleviate the 
pandemic situation by preventing viral transmission. Identi-
fication of potential adjuvants has been an empirical process 
for many years. Adjuvants are compounds that enhance the 
magnitude, breadth, and durability of the vaccine response 
[11]. Plant-derived adjuvants have two unique characteris-
tics: first, they have no significant side effects and are not 
toxic, which are the main limitations with using synthetic 
compounds, and second, they have also been shown to elicit 
immune response when given orally, making them ideal for 
developing mucosal vaccines [12]. The protective immunity 
of COVID-19 involves all the components of the immune 
system responding collectively to eliminate the virus from 
the body. Coordination of SARS-CoV-2-specific Th1 and 
Th2 responses was observed in milder disease, indicating 
that CD4 + and CD8 + T cells play a collaborative role in 
COVID-19 protective immunity [14]. Alums are the most 
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commonly used adjuvants in vaccine therapy. However, 
the response is Th2-biased. Adjuvants capable of inducing 
both humoral and cell-mediated immune responses could be 
ideal in the formulation of the COVID-19 vaccine for effec-
tively eliminating the infection. There has been evidence 
of plant polysaccharides, glycosides, and glycoproteins 
extracts being used as attractive adjuvants in experimen-
tal live vaccines like Advax, Matrix-M. QS and Mistletoe 
lectin, used in the human viral pandemic, which have been 
demonstrated to be highly immunogenic, safe and induced 
balanced humoral and cell-mediated immune response 
[12–19]. Advax-adjuvant, a plant polysaccharide, and a 
detla inulin form (β-d- [2-1] poly(fructo-furanosyl) α-d-
glucose) found to elicit both humoral and cellular immunity 
with a wide variety of vaccines against viruses [15, 16, 18]. 
Matrix-M and QS, plant glycosides generate potent humoral 
and cellular immunity, when used as adjuvants in vaccine 
formulations [20–23]. Immunization experiments with the 
Matrix-M adjuvant, a Novavx-patent, stimulate an immune 
response that is unique to an antigen and is characterized by 
the development of long-lasting antibodies, a balanced Th1/
Th2 cytokine profile, and the stimulation of cytotoxic T cells 
[24, 25], contrast with alum's marked Th2 bias. Mistletoe 
Lectin, a glycoprotein from mistletoe plant, has also been 
shown to have strong adjuvant properties in animal models, 
as evidenced by a strong immune response, when formulated 
with viral antigens [26, 27]. Moreover, plant-derived adju-
vants alone or in combination with synthetic adjuvants have 
been utilized in the clinical development of several candidate 

vaccines. Vaccines formulated with the plant-derived adju-
vants have an acceptable safety and reactogenicity profile, 
as well as persuade a high magnitude of long-lasting immu-
nity (Fig. 1). As a result of extensive research on various 
plant species and their therapeutic properties, plant extracts 
are currently being revalued globally. Hence, bioprospec-
tion and documentation of plant-derived adjuvants having 
immune-potentiator properties are unmet need for improv-
ing current therapies to combat SARS-CoV-2 disease. This 
review sheds light on the prospective add-on effect of plant-
derived immuno-adjuvants in various viral epidemics and 
their potential application in combating the progression of 
COVID-19 disease.

COVID‑19 vaccines and immune‑adjuvants

A range of technologies are being used to produce a pos-
sible vaccination for SARS-CoV-2 treatment, including 
attenuation, DNA, and mRNA-based vaccines. A variety of 
tactics have been used for the development of a viable vac-
cine candidate against SARS-CoV-2, including full-length S 
protein, S1 receptor-binding domain (RBD), DNA or RNA 
vectors, and production of virus-like proteins (VLP). A num-
ber of vaccine candidates have been recommended for clini-
cal trials [1]. Many vaccines have been approved and drive 
worldwide, all of which are based on the original Wuhan 
SARS-CoV-2 S protein. Mainly, WHO has authorized ten 
vaccine candidates for emergency use (Table 1). The three 

Fig. 1   Schematic representation depicting the potential effects of plant-derived adjuvants in enhancing the efficacy of vaccines
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vaccinations, Spikevax, Comirnaty, and Janseen, have also 
been authorized by the US Food and Drug Administra-
tion for COVID-19 disease protection. In the vaccination 
programme, subunit or inactivated antigens are routinely 
employed. However, these antigens lack the immunologi-
cal profiles that mediate the improved adaptive immunity. 
As a result, adjuvants are required in these vaccinations 
to stimulate an efficient immune response [28]. Immuno-
adjuvants are substances that boost the immune response to 
antigens that have been inoculated together. Thus, it has the 
potential to improve the immunogenicity of vaccines [29]. It 

has been used to improve the efficacy of designed vaccines, 
earning them the title of “true immune modulators”. It can 
steer the immune system toward Th1 or Th2 immunity and 
boost the immune response to an antigen significantly [12, 
30]. Adjuvants such as aluminum salts, emulsions, and Toll-
like receptor (TLR) agonists have been employed in vaccine 
formulations for pre-clinical CoV vaccine studies.

So far, many subunit and inactivated COVID-19 vaccines 
are being clinically trialed, and few have been approved by 
the World Health Organization for COVID-19 protection. 
Alum has been demonstrated to be formulated with S protein 

Table 1   Vaccines approved (Emergency Use Listing) by World Health Organisation for immunity against COVID-19 disease

Data have been collected from WHO—COVID-19 Vaccine Tracker (trackvaccines.org) (accessed date 17/05/2022)

Vaccine name/manu-
facturer

Origin/type/antigens Adjuvants Approval Under trials Country origin FDA approved

Nuvaxovid/Novavax 
CZ a.s

Protein subunit 
(recombinant spike 
protein)

Matrix-M1 (saponin-
based adjuvants)

37 countries 15 trials in 12 coun-
tries

Czech Republic –

COVAVAX/Serum 
Institute of India 
Pvt. Ltd. (SIIPL)

Protein subunit 
(SARS-CoV-2 rS 
Protein Nanopar-
ticle)

Matrix-M1 adjuvant 5 countries 2 trials in 1 country India (formulation 
of Novavax)

–

Spikevax/Moderna LNPs encapsulating 
mRNA vaccine

– 86 countries 63 trials in 22 coun-
tries

Spain Yes

Comirnaty/Pfizer/
BioNTech

mRNA vaccine 
(nucleoside modi-
fied)

– 146 countries 78 trials in 26 coun-
tries

Germany Yes

Janssen Ad26.
COV2.S (Johnson 
& Johnson)

Non-Replicating 
Viral Vector 
(recombinant 
adenoviral vector 
carrying spike 
protein

– 111 countries 21 trials in 23 coun-
tries

Belgium Yes

Vaxzevria/AstraZen-
eca/SK Bioscience 
Co. Ltd

Non-Replicating 
Viral Vector (rep-
lication-deficient 
adenoviral vector 
carrying spike 
protein)

– 140 countries 63 trials in 30 coun-
tries

Republic of Korea –

Covishield (Oxford/
AstraZeneca for-
mulation), Serum 
Institute of India 
Pvt. Ltd. (SIIPL)

Non replicating Viral 
Vector

– 49 countries 2 trials in 1 country India –

Covaxin/Bharat Bio-
tech International 
Limited

Whole Virion Inacti-
vated Corona Virus 
vaccine

Alhydroxiquim-
II, aluminum 
hydroxide, TLR 7/8 
agonist (imidazo-
quinolinone)

14 countries 10 trials in 2 coun-
tries

India –

Covilo/Beijing Insti-
tute of Biological 
Products Co., Ltd. 
(BIBP)

Inactivated COVID-
19 Vaccine (Vero 
Cell)

aluminum hydroxide 91 countries 29 trials in 12 coun-
tries

China –

CoronaVac/Sinovac 
Life Sciences Co., 
Ltd

Inactivated COVID-
19 Vaccine (Vero 
Cell)

aluminum hydroxide 56 countries 37 trials in 9 coun-
tries

China –



1242	 A. Kumar et al.

1 3

or RBD to stimulate the production of neutralizing antibod-
ies against CoV, which has been linked with protection 
against SARS-CoV-2 [31–35]. Alum, on the other hand, is 
unable to trigger CD4 + and CD8 + T-cell responses, which 
have been demonstrated to work in concert with antibody 
responses to provide protection against SARS-CoV-2 [14]. 
Other adjuvants that have been shown to stimulate both 
humoral and cellular immune responses could be prefer-
able for formulation. ViroVax LLC of Lawrence, Kansas, 
developed Alhydroxiquim-II in 2021 with funding from the 
National Institute of Allergy and Infectious Diseases Adju-
vant Development Program in the United States. Covaxin 
adjuvanted with Alhydroxiquim-II boosts immune response 
and provides long-lasting immunity against COVID-19 ill-
ness [36]. For the successful creation of a safe and effective 
COVID-19 vaccine, screening of the various combinations 
of antigens and adjuvants is urgently required. Despite the 
fact that there are numerous unsolved mysteries in the field, 
plant-derived adjuvants have high clinical value and a wide 
range of application possibilities, making them an impor-
tant tool for the development of new effective medications 
and improving currently used medications. Identifying ideal 
adjuvants to elicit appropriate and long-lasting protective 
immunity via vaccines remains a significant challenge at this 
time. Plant products have gotten a lot of attention because 
of their medicinal properties like immunomodulation, anti-
cancer, antiviral, antimicrobial, antidiabetic, anticoagulant, 
and antitumor exercises [6, 10]. The study of plant-derived 
immunopotentiators is gaining increasing attention nowa-
days due to the rapid advancement of science and medicine. 
Several plant-derived compounds with immuno-adjuvant 
properties have been used to enhance vaccine efficacy.

Inulin, as an adjuvant

Inulin is isolated from the roots of the Asteraceae (Composi-
tae) family and metabolized into simple sugars in the body 
by gut microbiota, so there are no safety concerns, and it 
received safe status by the Food and Drug Administration 
(FDA), USA, and is assorted with non-toxicity, renewability, 
and biodegradability compared to other polysaccharides 
[20]. Onions, garlic, oats, Jerusalem artichokes, and leeks 
are abundant sources of inulin. The native soluble form of 
inulin has no immunological activity, but it acquires potent 
adjuvant activity when crystallized into a stable microcrys-
talline particulate form (delta inulin) [37]. Several studies 
demonstrated that the delta form of inulin (semi-crystalline) 
stimulates strong humoral and cellular immune responses 
when combined with various antigens, and its immuno-
adjuvant properties have been utilized in boosting the immu-
nogenicity of many antigens [38]. Micro-particulate form of 
inluin acts as a potent humoral and cellular immune adjuvant 
when formulated with antigens and is non-toxic in nature. It 

activates alternate complement pathway, and regulates the 
production of chemokines and cell surface protein expres-
sion with formulated antigens [39]. MPI is useful in induc-
ing both Th-1 and Th-2 immune responses, and has no sig-
nificant local or systemic toxicity [40]. Several 
semi-crystalline isoforms of inulin, including alpha (AI), 
beta (BI), gamma (GI), and delta isoforms were found to 
induce varying degrees of Th1 and Th2 activity. Gamma 
inulin (GI) has been particularly used as an adjuvant in many 
vaccines, such as hepatitis, malaria, and influenza vaccines, 
with little or no side effects. However, the delta isoform of 
inulin is found to be more thermotolerant than GI and pro-
vides stability in body temperature [41, 42]. Advax is the 
most recent generation of delta inulin-based adjuvants (β-D-
(2- > 1)-polyfructofuranosyl-D-glucose) developed by the 
National Institutes of Health's Adjuvant Development Pro-
gram [16, 41]. The probable action mechanism of Advax is 
that it binds to antigen-presenting cells (APCs), such as 
mononuclear and dendritic cells (DCs), causing antigen 
presentation to be up-regulated, resulting in B- and T-cell 
activation [16]. Advax co-administered with vaccines elicits 
both Th1 (IgG2a) and Th2 (IgG1, IgA) antibody responses, 
as well as Th1 (IL-2, IFN-) and Th2 (IL-5, IL-6) cytokines, 
overcoming the limitation of aluminum-based adjuvants. 
There is also no visible sign of inflammation in the tested 
subjects, as Advax itself is not capable of stimulating the 
innate immune response. The safety and tolerability of 
Advax is superior in comparison to the emulsion-based for-
mulation adjuvants [16, 17]. Adjuvant properties of Advax 
have been tested in animal models against a variety of patho-
gens, including malaria, HIV, influenza, tetanus toxoid, 
hepatitis B virus, diphtheria, respiratory syncytial viruses, 
E7 protein of HPV, herpes virus 2 glycoprotein D, and others 
[42–44]. Lobigs et al., in 2010, demonstrated that the Advax-
adjuvant formulated Vero cell culture vaccine elicited strong 
Th1/Th2 immune responses and neutralizing antibodies 
against live Japanese encephalitis virus (JEV) challenged in 
mouse and horse models in comparison to aluminum adju-
vanted vaccine. In addition to this, the Advax-adjuvanted 
vaccine also targeted Murray Valley encephalitis virus 
(MVEV), another JEV sero complex virus by elevating Th1/
Th2 immune response and neutralizing antibodies. These 
findings suggest that, when compared to aluminum adju-
vants, Advax as an adjuvant improved the efficiency and 
application range of JEV vaccines [45]. Co-administration 
of Advax with split virion H5N1 vaccine in ferrets demon-
strated significantly improved protection against H5N1 virus 
by increasing immunogenicity, survival, and ultimately mor-
bidity, in comparison to vaccine alone [46]. The survival of 
ferrets receiving Advax™ conjugated vaccine was found to 
be 100%, with survival being only 66% in the case of H5N1 
vaccine alone. Immunization of mice with trivalent human 
influenza vaccine (TIV) with Advax elicited both humoral 
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and cellular responses with a significant antigen-sparing 
effect in comparison to\influenza antigen alone [16]. Clinical 
trials studies demonstrated that the formulation of antigens/
vaccine with advax adjuvant increase the seroprotection 
capability of the vaccines (Table 2) [47–52]. A study con-
ducted by Gordon et al. in 2012 with 281 adult patients aged 
18–70  years depicted that the formulation of the rHA 
H1N1/2009 vaccine with advax adjuvants resulted in a sig-
nificant enhancement of seroprotection. Immunization of 
patients was done at 0 and 3 weeks with 3, 11, or 45 µg 
recombinant HA. After 3 weeks post 1st dose immunization, 
clinical outcomes varied according to rHA dosage, presence 
of adjuvant, subject age, and number of immunizations. The 
age group 18–49 and the elderly who received rHA 45ug 
with Advax™ adjuvant were highly responsive, with sero-
protection of 80.0%; (95% CI 51.9–95.7), seroconversion 
73.3%; (95% CI 44.9–92.2), and GMT increase in fold from 
baseline of 11.1 (95% CI 4.6–26.4). On the other hand, aged 
groups over 50 years who received 45ug without adjuvants 
had the lowest response with a seroprotection rate of 25.0% 
(95% CI 9.8–46.7); seroconversion 20.8% (7.1–42.2); and a 
GMT increase in fold from base line of 1.5 (1.1–2.0). Higher 
antigen doses and adjuvants significantly improved the low-
est responders in older subjects after the first immunization. 
No adverse events were reported in those who received 
Advax [47]. Gordon et al. in 2016 conducted the first-in-man 
Phase 1 clinical trial to assess the safety and tolerability of 
three intramuscular doses of HBsAg formulated with Advax. 
Patients who received HBsAg formulated with 5 mg and 
10 mg Advax showed higher responders after three immu-
nisations. The seroprotection and HBsAb geometric mean 
titers were found to be 83.3% and 40.7 (95% CI 11.9–139.1) 
for 5 mg and 80% and 51.6 (95% CI 10.0–266.2) for 10 mg 
advax formulated groups, respectively, whereas seroprotec-
tion with antigen alone was 20% and the GMT titer was 4.1 
(95% CI 1.3–12.8). In spite of this, positive CD4 T-cell 
responses to HBsAg were also higher in the Advax formu-
lated antigen groups, 67% for 5 mg (67%) and 80% for 10 mg 
Advax, versus HBsAg alone (20%). Overall, the results 
showed that Advax was safe and well tolerated in adult sub-
jects [49]. Advax enhanced humoral and T-cell responses to 
recombinant and inactivated whole-virus SARS-CoV anti-
gens, boosting vaccine protection and lowering lung immu-
nopathology risk [16]. On day 3 post-challenge, the presence 
of adjuvant significantly increased serum neutralizing anti-
body titers and resulted in decrease lung virus titers. 
Whereas, on day 6 post-challenge, alum-formulated vaccines 
significantly increased lung eosinophilic immunopathology, 
which was absent in the advax formulated vaccine. Vaccine 
formulation with Advax-1 or -2 significantly enhanced the 
spike protein-specific immunoglobulin response in compari-
son to the antigen alone (recombinant spike protein antigen, 
rSP). At 2  weeks post-boost, Advax-1 significantly 

stimulated the IgG1 response, whereas Advax-2 significantly 
increased a wide range of antibody isotypes, including IgG1, 
IgG2a, IgG2b, and IgG3, which was maintained up to 1 year 
post-immunization. Advax-adjuvanted groups significantly 
increase the spike protein-specific IgM responses compared 
to un-adjuvanted rSP alone up to 1 year post-immunization, 
indicating that the Advax-immunized groups generate long-
lived memory IgM-positive B cells [15]. Li et  al. used 
SARS-CoV-2 spike protein adjuvanted with Advax-SM 
(AdvaxTM + CpG55.2) to immunize mice and ferrets. The 
study demonstrated that the immunization induced a strong 
antibody response, capable of eliminating the original 
SARS-CoV-2 virus and cross-neutralizing the VOC Alpha 
(B.1.1.7), resulting in protecting mice and ferrets from 
SARS-CoV-2 infection [50]. The antibody response to anti-
gen alone was Th-2 biased, while adding adjuvants resulted 
in a much higher Th-1 biased response. Similarly, adding 
aluminum hydroxide adjuvant (Alhydrogel) resulted in a 
more pronounced Th-2 response. Mice immunized with rSp 
alone or in a formulation with Alhydrogel showed minimal 
CTL activity against spike-labeled cells, which is consistent 
with their Th2 immune bias. However, mice immunized with 
rSp adjuvanted with Advax-SM demonstrated high levels of 
in vivo cytotoxic T lymphocyte (CTL) killing of spike-
labeled target cells. The highest levels of neutralizing anti-
bodies were detected in BL6 mice following immunization 
with rSp 5 mg + Advax-SM (GMT 3,712), followed by rSp 
1 mg + Advax-SM (GMT 1088), and finally rSp alone (GMT 
736). The same patterns were observed in BALB/c mice, 
with rSp 5 mg + Advax-SM producing the largest response 
(GMT 4,352), followed by rSp 1 mg + Advax-SM (GMT 
960), and then rSp alone (GMT 960). (GMT 512) [50]. Li 
et al. [50] challenged Covax-19-vaccinated hamsters with 
SARS-CoV-2, and both single- and double-dose adjuvanted 
vaccines (spike ECD + Advax-CpG55.2) offered strong pro-
tection of hamsters against lung infection and pathology, 
with a strong correlation between serum neutralizing anti-
body levels, prior to challenge, and lung protection. Interest-
ingly, adjuvanted antigen generates a robust antibody 
response even after a single dose, but a 2-dose strategy 
worked better overall and required just half as much antigen. 
There was a reduced viral load in oropharyngeal swab and 
nasal turbinate tissue and no live infectious virus in lung 
tissue in immunized mice post 3 days [51]. The Covax-19 
(Vaxine/CinnaGen Co.: SpikoGen) adjuvanted with advax 
has been referred for clinical trials in Iran and Australia after 
gaining long-lasting protection with superior safety and tol-
erability findings from pre-clinical tests on mice, ferrets, and 
monkeys (Phase I, II) (NCT05005559, NCT05148871, 
NCT05175625) [51, 53]. Recently, Iran has officially given 
emergency authorisation for the use of the SpikoGen vaccine 
in combination with Advax to prevent SARS-CoV-2 
infection.
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Lectin, as an immune‑potentiator/adjuvant

Natural products like plant lectins that specifically target 
virus-associated glycans work as immune modulators by 
triggering the production of cytokines and other mediators 
such as reactive oxygen and nitrogen species and, thereby, 
improving the immune response against microbes [54–56]. 
The carbohydrate portion of the glycoproteins which play a 
critical role in the immunity of humans and viral pathology 
is glycans [57, 58]. SARS-CoV-2 spike proteins are heavily 
glycosylated by heterogeneous N-linked glycans projecting 
from the S trimer surface, which act as a glycan shield and 
play an important role in host immune evasion (modulate 
accessibility to host proteases and neutralizing antibodies). 
By dismantling the glycan shields, lectins can make these 
sugar-coated viruses vulnerable to immune attack [59, 60]. 
The antiviral activity of the plant-derived lectins has been 
found to vary depending upon the specificity of the sugar on 
which the lectins act. In a study, it was demonstrated that out 
of the 33 plant lectins checked for anti SARS-CoV activity, 
the strongest were the mannose-binding lectins which inter-
fered in the viral entry and release by binding to the glycans 
on the spike protein [61]. The blocking of viral entry by 
lectins can be affected by binding to the glycans of the virus 
or the host cell [62]. Various enveloped viruses have glyco-
proteins on their surface, which act as mediators for binding 
to the receptors of the host cell membrane. The coronavirus 
has a highly glycosylated envelope which can be used as a 
promising candidate for therapeutic intervention. The sugar 
content of the glycoproteins is crucial for the viral infec-
tion, replication, and interaction of the virus with the host 
[63–65]. Certain plant lectins are translocated across the 
gut while interacting with the mucosal epithelium, making 
them ideal candidates for vaccine formulations by working 
as adjuvants, inducing the mucosal and systemic immune 
system [66, 67]. Extensive animal studies have exhibited 
the safety of the usage of lectins and their derivative biode-
gradable polymers as immune modulators, such as ScLL, 
ML, and ArtinM, which are potent adjuvants in immuniza-
tion protocols. Afonso-Cardoso et al. in 2012 evaluated the 
adjuvant effect of Synadenium carinatum latex lectin (ScLL) 
in a murine model of vaccination against American cutane-
ous leishmaniasis. Immunization of BALB/c mice was done 
with lectin ScLL (10, 50, 100 µg/animal) individually or 
in combination with soluble Leishmania amazonensis anti-
gen (SLA). ScLL conferred a significant increase in Th-1 
response, higher levels of IgG2a, and a reduction in parasitic 
load (61%) post 10 weeks of immunization at higher concen-
trations (50 and 100 µg/animal). The higher ScLL concen-
tration stimulated the delayed-type hypersensitivity (DTH) 
reaction significantly (P < 0.05), which showed the protec-
tive role of this lectin against cutaneous leishmaniasis, when 
formulated with SLA [68]. Lavelle et al.’s study showed that 

mistletoe lectin I (ML-I), a strong mucosal adjuvant, stimu-
lated anti-bystander antigen (OVA) antibody titers in sera 
and secretions merely two-to-fivefold lower as compared to 
cholera toxin adjuvant [66]. A similar study conducted by 
Lavelle et al., in 2002, immunized mice with herpes sim-
plex virus glycoprotein D2 antigen adjuvanted with mis-
tletoe lectins, showed its potent adjuvanticity nature. Total 
three mistletoe lectins from Viscum album (ML-I, ML-II, 
and ML-III) adjuvants with herpes simplex virus glycopro-
tein D2 (gD2) and dosed via nasotracheally route, showed 
significantly higher levels of gD2-specific mucosal immu-
noglobulin A (IgA) and systemic immunoglobulin G (IgG) 
antibody than when the antigen was delivered alone [26]. 
The Korean Mistletoe Lectin C (KML-C) isolated from Vis-
cum album coloratum completely protected mice challenged 
with H1N1 influenza when the KML-C was intranasally co-
administrated with the inactivated virus. There were signifi-
cantly higher levels of anti-influenza antibodies (IgG and 
IgA) as well as a noticeably higher level of the population 
of influenza-specific lymphocytes in spleens and mediastinal 
lymph nodes in immunized mice. Furthermore, H3N2 chal-
lenged mice immunized with KML-C and inactivated H1N1 
also showed partial protection [27]. The adjuvant proper-
ties of ArtinM and JAC were evaluated in mice immunized 
against neosporosis (a neuromuscular disease in dogs and 
reproductive disorders in cattle). Subcutaneous immuniza-
tion of six C57BL/6 mouse groups was performed thrice at 
2-week intervals with Neospora lysate antigen (NLA) alone 
and co-administered with lectins. Presence of ArtinM lectin 
resulted in increased NLA immunogenicity, higher levels 
of specific total IgG and IgG2a/IgG1 ratio, Th-1 cytokine 
production, enhanced survival, and lowest brain parasite 
burden, with the highest inflammation scores [69]. ArtinM 
and Jacalin (JAC) are lectins derived from jackfruit (Arto-
carpus integrifolia) that have been used as adjuvants in vac-
cines against protozoan parasites [70–73]. The interaction 
of ArtinM with the N-glycans of TLR2 stimulates the mac-
rophages and dendritic cells to produce IL-12, hence induc-
ing a Th1-immune response [74]. Jacalin, the major protein 
derived from the seeds of Artocarpus integrifolia, works as 
a potent adjuvant in combination with epimastigotes from 
Trypanosoma cruzi [71]. Recently, a D-galactose-binding 
lectin named Synadenium carinatum latex lectin (ScLL) was 
isolated and characterized, and it exhibited immune stimu-
latory, immune protective, and adjuvant effects in cerebral 
neosporosis mouse model when administered along with 
NLA, further resulting in higher survival rate, increased IgG 
production, and decreased parasitic burden [75]. Garlic lec-
tin has been shown to have strong immunogenic properties; 
ASA I, a garlic lectin, has the ability to stimulate splenocytes 
and thymocytes, resulting in an immune response [76, 77]. 
The adjuvanticity of mannose-binding lectins from garlic 
(Allium sativum agglutinins; ASAs) were also evaluated by 
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Padiyappa et al., in 2022. When antigen ovalbumin and gar-
lic lectins (ASA 1 and ASA II, 30 µg each) were adminis-
tered together to BALB/c mice, the anti-OVA IgG response 
was noticeably boosted. The lectin ASA 1 immunized groups 
showed significantly higher level of anti-OVA IgG response 
on days 35 and 50, in comparison to ASA 2 adjuvanted and 
OVA antigen alone groups. It was twofold higher antibody 
response in OVA + ASA I group, showing the potentiality 
of lectin ASA1 to be used as a formulating agent with weak 
antigen [77]. Despite research demonstrating that lectins are 
an excellent choice for adjuvants and can aid in the devel-
opment of highly effective COVID-19 vaccines and medi-
cations, the use of lectins as adjuvants for viral vaccines 
(particularly those against SARS-CoV-2) remains an option 
to evaluate their adjuvanticity with COVID-19 vaccines.

Saponins, as an adjuvant

Saponins are antimicrobial and antiviral compounds 
derived from medicinal plants. It is a naturally occurring 
sugar-conjugated compound with one or more hydrophilic 
glycoside moieties together with a lipophilic triterpene 
derivative in its structure. Saponins have gotten a lot of 
attention because of their wide range of biological activi-
ties, including their ability to stimulate an immune 
response, making them ideal adjuvant candidate [42, 78]. 
Saponin-based adjuvants are capable of modulating the 
cell-mediated and humoral immune systems, and they have 
the advantage of only requiring a low dose to be effective. 
Saponins also boost the immune response to mucosal anti-
gens by stimulating cytotoxic CD8 + lymphocyte responses 
[79, 80]. The saponins isolated from the stem and leaves 
of Panax ginseng C. A. Meyer (GSLS) led to enhanced 
vaccination response against bird’s disease. In both normal 
and immunosuppressive birds, administration of GSLS 
resulted in better vaccine-induced immune protection 
against avian influenza, infectious bursal disease, and 
Newcastle disease [81–83]. The use of ginseng saponins 
as an adjuvant to enhance the immunogenicity of foot and 
mouth disease (FMD) vaccines is well documented. Use 
of ginseng saponins resulted in enhanced IgG response 
against FMD vaccines [84–86]. Li et al. in 2016 chal-
lenged the mice with foot and mouth disease and evaluated 
the efficacy of FMD along with orally administered gin-
seng stem–leaf saponins (GSLS). The mice were immu-
nized twice with the FMD vaccine. Oral administration of 
GSLS resulted in a significant increase in serum antibody 
response to FMD vaccine [87]. Wu et al., in 1992, demon-
strated the adjuvant activity of QS-21, a saponin isolated 
from the soap bark tree Quillaja saponaria with recombi-
nant envelope protein antigens (HIV-160D) in murine 
models. HIV-1 vaccine formulated with QS-21 has shown 
significantly higher titer of antibodies response and induce 

group-specific proliferative responses in comparison to 
alum absorbed HIV vaccines. Additionally, the QS-21 
adjuvant responds to weakly immunogenic epitopes of 
antigen that were not recognized using alum-adsorbed 
HIV-1 160D [88]. Sasaki et al., 1998 depicted that the 
formulation of HIV-1 DNA vaccine with QS-21 resulted 
in enhanced specific IgG2a production, stimulation of 
delayed-type hypersensitivity reaction (DTH), and cytol-
ytic activity of splenocytes [89]. de Costa et al. in 2014 
evaluated the adjuvant properties of aqueous extract (AE), 
saponin fraction QB-90 from Quillaja brasiliensis and 
Quill A, a saponin from Quillaja saponaria using poliovi-
rus antigen as a model. Vaccines were formulated with 
Quil-A (50 µg), AE (400 µg), or QB-90 (50 µg). On day 
56, AE, QB-90, and Quil-A significantly increased serum 
levels of specific IgG, IgG1, and IgG2a compared to the 
control group. The magnitude of immune response of anti-
gen for QB-90 and Quil-A was statistically equivalent. AE 
and QB-90 stimulated the generation of Th1 cells against 
the administered vaccine, and the response was similar to 
that of Quil-A. However, vaccines adjuvanted with QB-90 
improved mucosal immune responses, as evidenced by 
high specific IgA titers in bile, feces, and vaginal washings 
in comparison to Quil-A [90]. Studies showed that QB-90 
showed lower toxicity when subcutaneously administered 
to mice than Quil-A and resulted in enhanced immune 
response to bovine herpes virus type 1 antigen (BoHV-1), 
suggesting QB-90 to be a safe and effective adjuvant [91]. 
Bisht et  al. in 2005 challenged mice intranasally with 
SARS-CoV immunized with spike protein antigen co-
administered with QS21 and a Ribi (MPL + TDM) adju-
vant. The QS-21 adjuvant system induced high titers of 
antigen-specific serum antibodies. The mean neutralizing 
antibody titer obtained with QS21 adjuvants was 4.6-fold 
higher than with MPL + TDM adjuvants. With QS21 adju-
vant, virus titers in nasal turbinates were reduced by more 
than 104-fold, and virus titers were uniformly below detec-
tion in the turbinates of mice. However, virus titers were 
found in the nasal turbinates of four of seven test mice 
immunized with nS (spike protein antigen) and the 
MPL + TDM adjuvant [15]. Recently, a saponin-based 
microemulsion adjuvant has also been investigated for use 
in the COVID-19 vaccine. Co-administration of saponin 
microemulsion adjuvant with SARS-CoV-2 S1-Fc vaccine 
resulted in very high titers specific neutralizing antibodies 
(titers > 1024 on Day 15) in macaque against live SARS-
CoV-2 infection [92]. Based on safety profile and immuno-
adjuvant properties to enhance both cell-mediated and 
humoral responses, QS-21 is an ideal adjuvant candidate 
for use in humans (Table.3) [93–101]. A clinical trial 
involving QS-21 adjuvant has been registered to evaluate 
the safety, reactogenicity, and immune response of the 
SpFN COVID-19 vaccine (NCT04784767, https://​clini​

https://clinicaltrials.gov/ct2/show/NCT04784767
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caltr​ials.​gov/​ct2/​show/​NCT04​784767). The efficacy of 
NVXCoV2373 vaccine adjuvanted with Matrix-M, a sap-
onin-based vaccine, against COVID-19 has been exten-
sively studied. Titan et al., 2021 immunized mice with the 
NVXCoV2373 vaccine adjuvanted with Matrix-M, result-
ing in a strong anti-S response and virus neutralization. 
There was a higher titer of anti-S IgG, polyfunctional 
CD4 + and CD8 + T cells, follicular CD4 + Th cells, and 
antigen-specific germinal center B cells in the spleen of 
mice. In baboons, a low-dose NVX-CoV2373 vaccine 
combined with a saponin-based Matrix-M adjuvant results 
in high titer anti-S IgG, blocking virus attachment to the 
ACE2 receptor and thus neutralizing the SARS-CoV-2 
virus without any signs of vaccine-associated enhanced 
respiratory disease [102]. On the basis of pre-clinical stud-
ies in mice and baboons, which demonstrated high immu-
nogenicity with superior safety and tolerability, Keech 
et al. [103] evaluated the safety and immunogenicity of 
NVX-CoV2373, a nanoparticle vaccine for protection 
against SARS-CoV-2 infection. The vaccine with adjuvant 
was administered to 83 patients, and 25 patients received 
the vaccine alone. Patients who received an adjuvant-sup-
plemented vaccine experienced a dose-sparing immune 
response that induced a Th1 response. The geometric mean 
of anti-S IgG antibody and neutralization response was 
found to be 63,160 ELISA units and 3906, respectively, 
with a double dose of 5 µg NVX-CoV2373 adjuvanted 
vaccine, which was comparatively higher than the conva-
lescent serum from symptomatic COVID-19 patients, 
which was 8344 and 983, respectively [103] The phase 1 
component of the phase 1 to 2 trial showed that 2-doses of 
5 μg and 25 μg rSARS-CoV-2 adjuvanted with 50 μg 
Matrix-M1 adjuvant were well tolerated and immunogenic 
in participants 18 to 59 years old [103]. Formica et al. 
[100] conducted a randomized, placebo-controlled, phase 
2 trial to evaluate the efficacy of NVX-CoV2373 vaccine 
adjuvanted with Matrix-M in two age groups (aged 18 to 
59 and 60 to 84 years). A total of 1288 people were ran-
domly assigned to receive either 1 or 2 intramuscular 
doses of 5 µg or 25 µg NVX-CoV2373 or placebo. The 
findings showed that the 2-dose regimen of 5 μg NVX-
CoV2373 is highly immunogenic and well tolerated in all 
age groups. Younger people had greater geometric mean 
titers for anti-spike IgG antibodies than older adults. Sero-
conversion rates for younger people were also higher (79 
and 93% for 5 and 25 µg initial doses, respectively, com-
pared to 43 and 75% for older participants, by dose). In 
addition, in older adults, the 2-doses of 5 µg vaccine were 
demonstrated to have adequate immunogenicity, permit-
ting its inclusion in late-phase efficacy studies [100]. In a 
phase three trial of a matrix-M1 adjuvanted subunit vac-
cine, the overall efficacy of 96.4% was noted against com-
mon SARS-CoV-2 strains, 86.3% efficacy against B.1.1.7 

(alpha), and 51% against B.1.351 (beta) variants [101, 
104]. Recently, Nuvaxovid and Covavax COVID-19 vac-
cine formulated with Matrix-M (plant-based adjuvants) 
have received emergency approval from the World Health 
Organization for the treatment of COVID-19 disease based 
on their clinical trial results.

Conclusion

SARS-CoV-2 infections are undeniably a major pub-
lic health concern that has resulted in significant eco-
nomic losses around the world. Prophylactic therapies and 
approved vaccines appear to be the most effective ways to 
control disease progression. Vaccines are a safer and more 
sustainable option. However, despite a worldwide vaccina-
tion drive, hospitalization cases are still being reported. The 
emergence of new variants raises concerns about the efficacy 
of the vaccines approved for COVID-19. Subunit or inacti-
vated antigens are routinely used in vaccination programs. 
These antigens, however, lack the immunological profiles 
that mediate the enhanced adaptive immunity. Adjuvants 
are thus required in these vaccines to stimulate an effective 
immune response. Adjuvants have unique physicochemical 
features that can have a big impact on the strength, duration, 
and types of immune responses, and in the present scenario, 
proven safe and efficacious adjuvants are urgently required 
for the SARS-CoV-2 vaccine formulation to obtain rapid 
authorization from the regulatory agencies. Plant com-
pounds are now receiving attention for their use in vaccine 
formulation, because they generate robust and balanced 
Th1 and Th2 responses, which effectively eliminate viral 
infection. When employed in vaccine formulation, plant-
derived adjuvants have shown potent immunogenicity, and 
are well tolerated across all age groups. They also elicit a 
strong antiviral immune response from recipients even with 
low doses of antigens, demonstrating a significant antigen-
sparing impact. Delta inulin and saponin were widely used 
in vaccine formulation during viral epidemics. Advax, a 
delta inulin formulated COVID-19 vaccine, is under phase-
II trials and has demonstrated a robust immune response and 
virus neutralization effect. QS-21 and Matrix-M (a patented 
saponin adjuvant from Novavax) are also used in the formu-
lation of COVID-19 vaccines, and a few studies are being 
under trial to test their use in the formulation of COVID-19 
vaccines to combat SARS-CoV-2 infection. Plant lectins 
have shown strong adjuvanticity in experimental models. 
However, their usage is limited due to their expensive manu-
facturing and purification costs. Overall, for the success-
ful development of a safe and effective COVID-19 vaccine, 
additional extensive mechanistic investigations, including 
the nature of protective immune responses and screening 

https://clinicaltrials.gov/ct2/show/NCT04784767
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of alternative combinations of antigens and adjuvants, are 
urgently required.
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