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SARS-CoV-2, a novel Corona virus strain, was first detected in Wuhan, China, in
December 2019. As of December 16, 2021, almost 4,822,472 people had died and
over 236,132,082 were infected with this lethal viral infection. It is believed that the human
immune system is thought to play a critical role in the initial phase of infection when the
viruses invade the host cells. Although some effective vaccines have already been on the
market, researchers and many bio-pharmaceuticals are still working hard to develop a fully
functional vaccine or more effective therapeutic agent against the COVID-19. Other efforts,
in addition to functional vaccines, can help strengthen the immune system to defeat the
corona virus infection. Herein, we have reviewed some of those proven measures,
following which a more efficient immune system can be better prepared to fight viral
infection. Among these, dietary supplements like- fresh vegetables and fruits offer a
plentiful of vitamins and antioxidants, enabling to build of a healthy immune system. While
the pharmacologically active components of medicinal plants directly aid in fighting
against viral infection, supplementary supplements combined with a healthy diet will
assist to regulate the immune system and will prevent viral infection. In addition, some
personal habits, like- regular physical exercise, intermittent fasting, and adequate sleep,
had also been proven to aid the immune system in becoming an efficient one. Maintaining
each of these will strengthen the immune system, allowing innate immunity to become a
more defensive and active antagonistic mechanism against corona-virus infection.
However, because dietary treatments take longer to produce beneficial effects in
adaptive maturation, personalized nutrition cannot be expected to have an immediate
impact on the global outbreak.
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INTRODUCTION

Human coronavirus was first discovered in the 1960s by Tyrrell and
Bynoe (1, 2), who isolated it from a young boy who was affected
with the common cold and named it B814. In November 2002, a
new disease appeared in the Guangdong Province of China
resembling acute respiratory illness linked to pneumonia, but the
actual reason was unknown (3). Later, World Health Organization
(WHO) and Centres for Disease Control and Prevention (CDC)
declared that a member of the Coronavirus family had never been
found before in human and was the causative representative of
severe acute respiratory syndrome (SARS) in April 2003. It affected
8000 people in 30 countries across five continents (4, 5). In 2004,
NL63 (HCoV-NL63) Corona-virus was found in the Netherlands
from a seven-month-old child with bronchiolitis and conjunctivitis
(6). In 2012, Zaki et al. reported an unknown strain of Coronavirus
in a patient with seven days of fever, cough, and respiratory
problems in Saudi Arabia (7). Recently, a cluster of pneumonia
events of unfamiliar causes was found inWuhan in December 2019
(8, 9). SARS-CoV-2 has a mode of proliferation that allows it to
spread quickly across the globe, causing mortality to a significant
proportion of individuals worldwide and became a major public
health concern. Although 2020 was a difficult year, 2021 appears to
be even more challenging due to various SARS-CoV-2 variants. The
emergence of the novel 501Y.V1 (B.1.1.7) variants of SARS-CoV-2
in the UK and 501Y.V2 (B.1.351) in South Africa was attributed to
an unforeseen increase in the confirmed cases of COVID-19 in
December 2020 (10). In the receptor-binding portion of the spike
protein, the two variants had mutations (N501Y) that contributed
40 to 70% increased transmission (11). SARS-CoV-2 first enters
into the target cell, human upper respiratory tract, by interacting
with angiotensin-converting enzyme 2 (ACE2) found in epithelial
cells of the respiratory tract, gastrointestinal (GI) tract and excretory
system and usurp the host cellular machinery to propagate and then
internalized by receptor-mediated endocytosis forming early
endosome containing virus (12, 13). Following that, the virus
enters into the pulmonary alveolar epithelial cells, and at acidic
pH, the lipid envelope of virus fuses with the endosomal membrane
(late endosome) and viral nucleic acids are released inside the host
cells where viruses form negative-strand RNA (-sRNA) using the
pre-existing single strand positive RNA (+ssRNA) as template and
RNA polymerase enzyme (14, 15). SARS-CoV-2 composes several
proteins translated into the functional RNA Polymerase protein via
the host ribosome machinery as nucleocapsid (N), spike (S),
membrane (M), and envelope (E). N protein translation occurs in
the cytoplasm, whereas S, M, and E protein occur in the rough
endoplasmic reticulum (RER) due to post-translational
modification. The structural proteins S, M, and E combine with
the viral nucleocapsid (N) (16, 17).

Various targets are presented, such as- a) The RNA-
dependent RNA polymerase (RdRp) enzyme in COVID-19 is
made up of the non-structural proteins nsp12, nsp8, and nsp7
(18) and acts as an effective target for preventing viral RNA
production (19). b) The spike protein interacts with the ACE2
receptor to initiate the initial connection between the SARS-
CoV-2 and the host (20). Other structural proteins, such as
Frontiers in Immunology | www.frontiersin.org 2
membrane M protein and envelope E protein, are important in
viral entry into the host cell (21). c) Another potential target is
the major protease (Mpro), also known as viral 3-chymotrypsin-
like cysteine protease (3CLpro), which is involved in the
processing of newly translated proteins for viral replication
(22, 23).

The clinical symptoms of this infection were similar to flu, a
few patients developed a critical condition that included fever
(87.9%), dry cough (67.71%), fatigue (38.5%), and even death
(3.4%) (24–26). Additionally, myalgia or exhaustion (14.8%),
sputum (33.4%), headaches (11.4%), nasal congestion (4.8%),
and diarrhoea (3.7%) are typical indications and signs (24).
COVID-19 Symptoms appear between 2 and14 days after
infection, however, the patients might also show no symptoms;
asymptomatic transmission (27). Several vaccines (e.g. Oxford-
AstraZeneca, Pfizer-BioNTech, Sinopharm, Moderna, and
Sputnik Janssen) have been used for COVID-19 but they are
not available for all people (28–30). Moreover, several studies
have already suggested the vaccine escape mutants (31). The
early approval of SARS-CoV-2 vaccines has several limitations
(31). It was the first mRNA/DNA vaccine without long term
safety data. All of the vaccines were approved without having any
prior knowledge of late side effects and duration of protection.
Also, there was no authorized vaccine for human corona viruses
and vaccines against common cold viruses are usually short-lived
and less effective. Moreover, SARS-CoV-2 is RNA virus, so its
mutation rate is so high (32). That’s why, there is no vaccine
which defeated the COVID-19 disease fully (33). Because the
established vaccines are made for particular strain, so the
vaccine’s efficiency is low in other strains. We also don’t have
the clear concept of those vaccine doses that how many doses we
take or not, how many days gap between the doses and is there
necessary for booster dose or not for every vaccine (34).
Scientists are worked on it and try to establish a new vaccine
which prevents all types of strain in COVID-19 disease (35).

Using mask while roaming outside, maintaining social
distance, using sanitization, taking healthy foods, maintaining
proper isolation system and always trying washing hands in
every 5 minutes and avoiding touching hand or mouth (36–39).
That’s the way of improving the life style that ensures
strengthening the immune system even after recovery of
COVID-19 infection. SARS-CoV-2 is a positive sense RNA
virus; therefore, the mutation of its genome is comparatively
high. That’s why no specific drug or vaccine could prevent this
virus. The strengthen immunity is the only way to combat
against SARS-CoV-2 and defeat COVID-19. Everybody should
follow the COVID-19 protocol properly, taking healthy foods
and doing physical exercise daily for boosting up the immunity
to prevent and defeat this disease. A low-carbohydrate diet will
help reduce the progression of diabetes, while a protein-rich diet
helps keep the body in good health. It is recommended that Beta
carotene, ascorbic acid, and other vital vitamins be consumed on
a daily basis (40). Certain foods, such as mushrooms, tomato,
and bell pepper, as well as green vegetables like broccoli and
spinach, can help the body establish resistance against COVID-
19 infections. The best strategy to help develop immunity is to
March 2022 | Volume 13 | Article 837290
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get 7-8 hours of sleep (41). Sleep deprivation prevents the body
from resting, impairing other physical activities that have a direct
impact on the immune system (42).

Thus, when an individual is infected, the immune system
becomes indispensable. Adaptive immunity is the system that
human bodies designed to battle bacteria, viruses, and other
substances that are previously unknown to them. Therefore, the
immune system as a whole must be capable of recognizing and
combating any infection caused by foreign substances (43). The
theory demonstrates immunity, especially in young ages of
individuals recovering from viral attacks. Older people and
children have relatively low immunity and are thus more likely to
become heavily infected with these infections (30). As the symptoms
of COVID-19 are more intense in people who have pre-existing
diseases and are immunocompromised, possible protection
strategies include controlling pre-existing diseases and
strengthening the immune system (44). As a vital regulator of the
immune system, small deficiencies of some micronutrients could
hamper the immune response (45). The immune system needs
nutrients, including microelements and vitamins, herbal therapies,
and probiotics to fight against COVID-19 (46). Additionally, dietary
supplements containing minerals have a positive influence on
immunological responses to viral infections.This review aims to
compile all available information about strengthening the immune
system to combat coronavirus infection and spread themessage that
prevention is far superior to cure. A schematic overview of this
review has been depicted in Figure 1.
ROLE OF IMMUNE SYSTEM AGAINST
COVID-19 INFECTION

The immune system is the greatest defence line against any
infection; it supports to human natural capacity to protect against
pathogens (e.g., viruses, bacteria, fungi, protozoans, and worms) and
Frontiers in Immunology | www.frontiersin.org 3
resists infections. COVID-19 infections are undiagnosed as long as
the immune system is functioning properly. Although innate
immunity (quick response), adaptive immunity (delayed
response), and passive immunity are the three types of defense
mechanisms that work against infections, this review focuses on
factors that improve innate immunity, as well as the importance of
developing an effective vaccine and antiviral drugs.

The key role of the immune system against COVID-19 is precise
to certain structural features of SARS-CoV-2. Particular proteins
and specific sequences of the viral genome known as pathogen-
associated molecular patterns (PAMPs) induce the immune
response against the viruses (47, 48). Viral double-stranded RNA,
nucleocapsid, membrane protein, and surface glycoprotein are some
of the significant viral PAMPs. These PAMPs are accepted by
specific intracellular pattern recognition receptors (PRRs) present in
the human body. Upon recognizing of PAMPs, PRRs trigger the
expression of certain interferon’s, cytokines, and antiviral
interferon-producing genes, like- IFN3, IFN7, and the plethora of
interleukins (IL) (49). Together, they inhibit viral replication and
prevent viral spread. Contrarily, adaptive immunity works precisely
and exhibits a more tailored immune response to the virus infecting
the host cells. CD8+ cells and dendritic cells play the central role in
this process; as they entrap, process, and present the viral antigens to
the CD8+ cytotoxic T lymphocytes and natural killer (NK) cells (47,
50) followed by inducing an inflammatory response leading to the
movement of monocytes and neutrophils to the virus-infected cells.
These cells together with other interleukins- IL-1,6,8,21 and TNF-b
kill virus-infected cells and inhibit viral replication (47, 51).

All the vital immune cells mentioned above produce cytokines
and have an efficient immune response against COVID-19 that is
highly dependent on the nutritional status of the host and the
presence of certain vitamins and metabolites. Moreover, some
external factors like- physical exercise, intermittent fasting, and
adequate sleeping have also been reported to facilitate and enhance
immune response (42, 52–54). Hence, the role of the immune
FIGURE 1 | Overview of measures essential to boost immunity against COVID-19. One can boost immunity by using proper guidelines of a healthy lifestyle
(Adequate food, physical exercise, sleeping).
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system against COVID-19 is very vital, and it can only be
replenished by maintaining some simple lifestyle practice until
fully-functional vaccines and specific anti-viral drugs have been
developed and reached to all the people in the world.
VEGETABLES AND FRUITS IN DAILY DIET
TO PROTECT COVID-19

Vegetables and Fruits contain a plethora of vitamins, minerals,
and other micro and macronutrients that help us to build up
stronger resistance against viral and other infections. As there is
no effective treatment for coronavirus infection, the best option
is to build up immunity to prevent COVID-19 infection. For
that, fruits containing vitamins and other macromolecules that
can elicit potential resistance against viral infection or other
respiratory tract infections should be included in the daily diet.
Table 1 enlists recommended requirements of some major
nutrients that should be included in the daily diet.

Carrots, kale, mangoes, spinach, apricots, broccoli, sweet
potatoes, squash, and cantaloupe contain a good amount of
vitamin A that can be added to the daily diet. The vegetables
mentioned above and other colorful vegetables contain beta
carotene, which when consumed, gets converted into vitamin
A considered crucial for a robust immune system. Many studies
support that vitamin A has both promoting and regulatory roles
in both innate and adaptive immunity (58). Therefore, it can
enhance the immune system and provide improved defense
against coronavirus infection.

It is known that Acute Respiratory Distress Syndrome
(ARDS) is a crucial factor of fatality in SARS-CoV-2, rapid
release of high amounts of free radicals and increased oxidative
stress leads to cellular catastrophe, internal organ failure, and
eventually death. Lentils, beans, tofu, chickpeas, fortified cereals,
seeds, nuts, wheat germ, etc., should also be considered as an
important food component. These plant-derived products are
rich in zinc, which enhances immunity toward viral infection by
altering the resistance of the host (59, 60).
MEDICINAL PLANTS AND HERBS TO
REINFORCE PROTECTION AGAINST
VIRAL INFECTION

Various plants, herbs, or their specific parts are traditionally used
worldwide due to their antimicrobial activity. Many
antimicrobial agents extracted from different plants can
Frontiers in Immunology | www.frontiersin.org 4
promote immune cell proliferation and enhance the immune
response by providing an excellent antiviral activity. Anti-
inflammatory medicinal plants may have a pleiotropic role in
COVID-19 treatment, as elevated levels of inflammatory markers
such as interleukin (IL)-6, erythrocyte sedimentation rate (ESR),
and C-reactive protein (CRP) have been linked to severe disease
and poor outcomes in COVID-19 patients, most likely due to
cytokine storm (61).

Garlic has antiviral activity against herpes simplex virus 1
(HSV-1), influenza A and B, viral pneumonia, human
immunodeficiency viruses (HIV), and common cold-causing
rhinoviruses (62). Recent research also shows that garlic can
enhance immunity by activating protective immune cells against
viral infection (63). Garlic appears to boost immune system
activity by modulating cytokine production, phagocytosis,
macrophage activation, and immunoglobulin synthesis by
activating NK cells, lymphocytes, eosinophils, and dendritic
cells (DC) (64).

Ginger due to the high concentration of potent plant
compounds, has been a potential antiviral agent for centuries.
In vitro research has shown that the extract of ginger has some
antiviral activities on avian as well as respiratory syncytial viruses
(RSVs) (65, 66). In addition, gingerols and zingerones impede
viral replication and counteract the viruses from penetrating host
cells (67). The ginger extract inhibited TNF-a, IL-12, IL-1b (pro-
inflammatory cytokines) production in LPS stimulated
macrophages. Ginger extract down-regulated the expression of
B7.1, and MHC class II molecules. Researchers studied the effect
of ginger extract on the expression of proinflammatory cytokines
and chemokines in murine peritoneal macrophages and also
observed a reduction in T cell proliferation at a significant level
in response to all stimulation (68).

Oregano is well known for its medicinal properties, a
common herb in the mint family. The prime compound found
in it is carvacrol, which provides antiviral properties. Oregano oil
and carvacrol exhibited antiviral activity against herpes simplex
virus (HSV), rotavirus, and, importantly, respiratory syncytial
viruses (RSVs), causing respiratory infection (69, 70).

Tulsi is the holy variety of basil with the property to increase
immunity to help us against viral infection. A study showed that
extract supplementation of holy basil notably raised T cells levels
and NK cells (71).

Basil includes compounds such as apigenin and ursolic acid
that have potent antiviral activity in opposition to many viral
infections in a particularly sweet variety of basil (72). It has also
been found to boost up the immunity that may assist in striving
for other diseases.
TABLE 1 | Recommended minimum dietary intake of essential nutrients for adults.

Essential Nutrient Amount References

Male Female

Carbohydrates 130 g/day 130 g/day (55)
Protein 56 g/day 46 g/day (55)
Vitamins 0.131 g/day 0.114 g/day (56)
Water 2.5 lit./day 2 lit./day (57)
March 2022 | Volume 13 | A
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Sage a member of the mint tribe, is a scented herb. It has been
utilized from age-long to medicate viral type infections in
conventional medicine (73). Safficinolide and sage, contained
in the plant leaves and stems, are the compounds responsible for
the antiviral properties (74). One study by Geuenich et al.
reported significant inhibition of HIV entry into the host cell
following the application of sage extract, which is also a RNA
virus-like SARS-CoV-2 (75). Further study may establish
potential preventive measures against COVID-19.

Fennel is a licorice plant with a potent antiviral effect on
herpes viruses and parainfluenza type-3, which cause cattle
breathing infections (76). The key element of fennel essential
oil, trans-anethole, has demonstrated promising antiviral effects
in opposition to the herpes virus (77). It can also improve the
immune system and relieve inflammation, according to animal-
based studies (78).

Lemonbalm is commonly used in tea and seasoning as a
lemony herb, but it has some medicinal significance as well.
Lemon balm extract is a potent essential oil that has antiviral
activity, and a study has already shown it has significant antiviral
effects against HIV-1 (75), avian influenza (79), herpesviruses
(80, 81) as well as enterovirus (82).

Licorice is one of those herbs that has been used in traditional
Chinese medicine for years (83) Some of the active substances in
licorice are glycyrrhizin, liquiritigenin, and glabridin, which
exhibit significant antiviral properties (84). The root extract of
licorice has been found effective against Influenzae (85), HIV,
RSV (86), HBV (83), herpes virus (87), and, most importantly,
SARS-CoV-2 (88).

Dandelion although considered as a weed has been studied for
possible antiviral effects. Research has shown that replication of
hepatitis B (89), HIV (90), and influenza (91) can be blocked
by dandelion.

Moringa leaves and seeds are enriched in vitamin C, vitamin
A, calcium, and potassium content. The traditional, industrial,
nutritional, and medicinal values used in folk medicine are
diversified in Moringa oleifera for numerous health reasons,
especially for the symptoms (e.g., fever, muscle pain, or
asthma) of COVID-19 patients (92). Moringa peregrina has
several pharmacological properties, including anti-microbial,
anti-diabetic, antioxidant, anti-inflammatory, anti-spasmodic,
anticancer, reduction of lipid activity, and cognitive problems
(95). Black cumin, a component of this plant, is well-known in
obstructive respiratory conditions for its robust immune
regulation, anti-inflammation, and antioxidant advantages that
have been used for decades for medicinal purposes (93, 94).
Thymoquinone, Nigellidine, and a-hederine from N. sativa can
impact the immune responses against COVID-19 on molecular
grounds (95, 96).

Plants including Glycyrrhiza glabra, Allium sativum, and
Clerodendruminerme Gaertn have been proven to impede SARS-
CoV virus replication, making them potential SARS-CoV-2
fighters (97). In India, extracts of sunthi (Zingiber officinale
Roscoe.), lavanga (Syzygiumaromaticum), and maricha (Piper
nigrum) are used to prevent and treat COVID-19 because they
stimulate humoral and cell-mediated responses and reduce
Frontiers in Immunology | www.frontiersin.org 5
respiratory hyperresponsiveness and nasal congestion (98).
Andrographis paniculata, a tropical species found in South Asia,
inhibited elevated NOD-like receptor protein 3 (NLRP3), caspase-
1, and IL-1 molecules, all of which are associated in the
pathogenesis of SARS-COV and, most certainly, SARS-CoV-2
(97). Decoction of Tinospora cordifolia, Andrograhispaniculata,
Cydonia oblonga, Zizyphus jujube, Cordia myxa and Arsenicum
album 30 have been suggested to prevent respiratory infections
(97, 98). In China, Lianhuaqingwen, a Traditional Chinese
Medic ine (TCM) formula compr i sed of 13 herbs
(Supplementary Table 1), is being used as a possible
therapeutic candidate for the management and cure of COVID-
19 because it inhibited SARS-CoV-2 replication, lowered pro-
inflammatory cytokine secretion, and altered the morphology of
SARS-CoV-2 cells (99, 100). Furthermore, a study report
demonstrated the bioactive efficacy of extracts Sanctellaria
baicalensis containing baicalin, which is considered one of the
most important TCM herbal constituents, as well as hesperetin, an
active component found in tangerine peel, in alleviating COVID-
19 symptoms (98, 101). A range of investigations are being carried
out in order to develop a formulation against coronavirus using
medicinal plants and herbs (Table 2). The biomolecules are the
basis for establishing successful treatment against several protein
targets of SARS-CoV-2 including Nsp1, Nsp3 (Nsp3b, Nsp3c,
PLpro and Nsp3e), Nsp7-Nsp8, Nsp9-Nsp10, Nsp14-Nsp16
complexes, 3CLpro, E protein, ORF7a, Spike (S) glycoprotein, C-
terminal RNA binding domain (CRBD), N- terminal RNA
binding domain (NRBD), helicase and RdRp (115). Despite the
fact that various medicinal plants have been identified as efficient
antiviral treatments for COVID-19, additional research
is required.
VITAMINS AND FOOD SUPPLEMENTS
TO ENHANCE IMMUNITY AGAINST
VIRAL INFECTION

Vitamins significantly boost immunity by supporting different
biochemical reactions important for immune response and
helping fight infections. Hence, vitamins are considered to be a
potential weapon to prevent coronavirus infection (117). A
comprehensive table of vitamin requirements for different age
groups is given in Table 3.

Vitamin A are available as its active forms retinal, retinol, and,
especially, retinoic acid (RA), which mediate the transcription of
hundreds of genes implicated in several biological pathways
(119). Vitamin A enhanced the antioxygenic capacity of the
tissues in extended amounts and it is proposed that retinol could
even be regarded as an antioxidant similar to the tocopherol in
human nutrition as well as play a key role in the modulation and
regulation of the immune system, including innate and adaptive
responses, which may enact a crucial element in the fight against
pathogens (119, 120). A prospective, multicenter observational
cross-sectional study showed that vitamin A plasma levels in
COVID-19 patients are reduced during acute inflammation and
March 2022 | Volume 13 | Article 837290
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that severely reduced plasma levels of vitamin A are significantly
associated with ARDS and mortality (120). Systematic reviews
and meta-analyses have reported that retinoid administration
improves symptoms related to acute pneumonia, and also
Frontiers in Immunology | www.frontiersin.org 6
reduces incidence, morbidity, and mortality of measles (119).
Therefore, and even though there is still no clinical evidence
regarding vitamin A and COVID-19, in the light of its roles in
lung function and immunity, the vitamin is currently being
TABLE 2 | Applications of medicinal plants and herbs as possible therapeutics against COVID-19 infection.

Scientific name Active compound Mode of action Reference

Cannabis sativa Cannabinoid cannabidiol Anti-inflammatory effect on basis of modulating the gene expression of
ACE2 enzyme, serine protease TMPRSS2, protein required for SARS-
CoV-2 entrance into host cells.

(102)

Glycyrrhiza glabra Glycyrrhizin, glycyrrhetic acid, liquiritin and
isoliquiritin

Counterbalance the activity of COVID-19. (103)

Citrus sp. Essential oils, pectin, naringin and hesperidin Binds to high SARS-CoV-2 cellular receptors affinity with strong affinity,
limiting the proinflammatory response of immune system.

(104)

Porphyridium sp. Carrageenan (Sulfated polysaccharides) Coronavirus inhibitors with high potency that impede virus attachment or
uptake into host cells.

(105)

NilavembuKudineer Benzene 123 Triol Immunoregulatory action against the ACE2 enzyme receptor, which
facilitates viral entrance during SARS-CoV-2 pathogenesis.

(106)

Nigella sativa Nigelledine, a- Hederin Inhibitory action of Proteases inhibiting activity; active sites of CoVs
(3CLpro/Mpro) (PDB ID6LU7 and 2GTB).

(107)

Camellia sinensis Polyphenols (Sanguiin, The aflavin gallate, The
aflavin digallate, Kaempferol, Punicalagin and
Protocatechuic acid)

COVID-19 protease (Mpro) inhibitor, inhibits viral replication inside the host (108)

Zingiber officinale 6-gingerol Stronger binding affinity at active sites of R7Y COVID-19, the major
protease required for growth and multiplication of SARS-CoV-2

(109)

Scutellariabaicalensis Baicalein Anti-SARS-CoV-2 efficacy by inhibiting SARS-CoV-2 3CLpro and
multiplication.

(110)

Allium sativum Essential oil Served as ACE2 receptor antagonist for resistance against Coronavirus as
well as
SARS-CoV-2 main proteases inhibitor

(111)

Ginkgo biloba Ginkgolide A, Terpenoids Stronger link and binding ability with proteases. (112)
Camellia sinensis Epigallocatechin gallate COVID-19 major proteases, 2019-nCoV S2 subunit post fusion core,

prefusion spike glycoproteins, and SARS-CoV-2 NSP15 endoribonuclease
are all targets.

(113)

Curcuma longa Hesperidin, Rutin, Diosmin, Apiin,Diacetyl
curcumin

Inhibition of the major SARS-CoV-2 protease (Mpro). (110)

Eucalyptus sp. Jensenone COVID-19 major protease (Mpro) inhibitor (114)
Andrographispaniculata
sp.

Flavonoids, 14-deoxy-11,12-
didehydroandrographolide

Inhibition of NLRP3, caspase-1, IL-1ß, RdRp (115)

Cynara scolymus Rhoifolin, flavonoids Inhibition of S protein, major protease (Mpro) and ACE2 (115)
Rhus succedanea Rhoifolin Inhibition of S protein, major protease (Mpro) (115)
Swertiapseudochinensis 1,7-dihydroxy-3-methoxyxanthone Inhibition of SARS-CoV-2 RdRp (115)
Matricaria chamomilla Apigenin (Flavone) Blocks the proteolytic activity of SARS-CoV-2 3CLpro. (116)
Gnidialamprantha Gnidicin, gniditrin (Diterpene esters) Inhibit SARS-CoV-2 RdRp. (116)
Pueraria lobata Puerarin (Iso-flavone) Anti-SARS-Cov 3CLpro enzyme activity. (116)
March 2022 | Volume 13 | Art
ACE2, Angiotensin-Converting Enzyme 2; TMPRSS2, Transmembrane protease; serine 2; SARS-CoV, Severe acute respiratory syndrome coronavirus; COVID-19, Coronavirus disease-19; 3CLpro,
3 Chymotrypsin-like proteases; Mpro, Main protease; NSP15, Nonstructural protein 15; NLRP3, NOD-like receptor protein 3; IL-1ß, Interleukin-1ß; RdRp, RNA-dependent RNA polymerase.
TABLE 3 | Daily Requirement of Vitamins for Different Aged People (118).

Category Age Vitamin C (mg) Vitamin D (µg) Vitamin K (µg)

Males 11-14 years 50 10 45
15-18 60 10 65
19-24 60 10 70
25-50 60 5 80
51+ 60 5 80

Females 11-14 years 50 10 45
15-18 60 10 55
19-24 60 10 60
25-50 60 5 65
51+ 60 5 65
mg, Milligram; µg, Microgram.
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investigated for the treatment of SARS-CoV-2 infection
alongside with other antioxidants.

Vitamin B performs a significant role in the body’s immune
system. Since the lack of vitamin B will impair the immune
reaction of the host, patients diagnosed with the virus should be
supplemented to strengthen their immune system (87). Some of
the food products rich in folate (natural form vitamin B) - are the
kernel, peanuts, fruits, and green vegetables (121).

Vitamin C is a water-soluble vitamin that acts as an effective
reducing agent, as well as having antioxidant, immunomodulating,
antiviral and antithrombotic activities. It plays an important role in
the immune system by supporting the epithelial barrier against
pathogen invasion and the cellular processes of the innate and
adaptive immune systems (117, 119, 122, 123). Figure 2
summarizes the role of vitamin C in phagocytic cells that
participate in pathogen defense and the amount of vitamin C
found in certain common fruits (119, 127). Vitamin C may boost
the immune response to viral infections by stimulating T-
lymphocytes and NK-lymphocytes proliferation and activation, as
well as interferon production (124). It also increases the quantity of
Frontiers in Immunology | www.frontiersin.org 7
antibodies in the blood and aids lymphocytes differentiation, both of
which are necessary for resistance to viral infection (110). Vitamin C
strengthens the immune system (Supplementary Table 2) and
protects against coronavirus infection (128). For example, it
enhanced the resistance of chick embryo tracheal organ cultures
to infection and protected broiler chicks against an avian
coronavirus as well as can ameliorate flu-like symptoms
(sneezing, a running nose, and swollen sinuses) as a mild
antihistaminic agent (124, 129, 130). Furthermore, vitamin C
therapy reduced the effects of sepsis on pulmonary dysfunction in
septic mice with ARDS by down regulating proinflammatory genes
and improving epithelial membrane permeability (124, 125). A
recent report revealed that, vitamin C increases the antiviral activity
of lung epithelial cells and protects lung fibrosis and damage in both
in vivo and in vitro models (131). Previous placebo-control trials
found that high-dose vitamin C (2-16 g/day) was successful in
reducing the mortality of patients with sepsis, severe influenza, and
acute lung damage as well as reducing the length of stay in the
intensive care unit (ICU) and the duration of mechanical ventilation
(124, 125, 131). Additionally, vitamin C may modulate the cytokine
FIGURE 2 | (A) Role of vitamin C in phagocytosis (Vitamin C promotes neutrophil movement in response to chemoattractants and microbes engulfment, as well as
formation of reactive oxygen species and microbial death. It also stimulates caspase-dependent apoptosis, boosting macrophage uptake and clearance, and suppresses
necrosis, including NETosis, promoting inflammatory resolution and reducing tissue damage). (B) Amount of vitamin C in selected fruits (per 100 g) (124–126).
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storm, which is characterized by elevated levels of the
proinflammatory cytokine interleukin (IL)-6, increasing the
likelihood of respiratory failure necessitating mechanical
ventilation in COVID-19 patients (125). As severe COVID-19
infection can lead to sepsis and ARDS, numerous studies have
attempted to alleviate these symptoms with high doses of vitamin C
(131). Several clinical trials have been ongoing since initial trials in
China and the United States reported the beneficial effects of high-
dose intravenous (IV) vitamin C, but due to the excellent safety
profile of vitamin C and the need for ICU treatment for a huge
percentage of COVID-19 cases, clinical application of vitamin C has
been proposed by many authors, even before the outcomes of large
clinical trials are available (119, 124, 131).

Vitamin D is a type of fat-soluble secosteroid responsible for
enhancing the intestinal synthesis of calcium, magnesium,
phosphate, and many other biological activities (Supplementary
Table 2) (132). In humans, vitamin D2 (known as ergocalciferol)
and vitamin D3 (cholecalciferol) are the most common compounds
from this class of vitamin (133). It usually acts to stimulate the
endogenous and dampen the adaptive immune systems (Figure 3)
(134). The risk of acute respiratory tract infections and asthma
exacerbation can be marginally mitigated through vitamin D
supplementation (135). It can be synthesized with the support of
sunlight in the bodies (136). The vitamin D receptor (VDR) is also
located in lung epithelial cells, where it regulates the synthesis of
defensins and catelicidins, peptides that have antiviral effect either
directly or through immunological regulation (125). The decreased
vitamin D level in the calves was documented to raise susceptibility
to bovine coronavirus infection (132, 137). It has been hypothesized
that the reduced antiviral immune response in COVID-19 patients
during vitamin D deficiency could be attributable to a decrease in
Frontiers in Immunology | www.frontiersin.org 8
LL37 levels, an antimicrobial peptide generated from catelicidin
(125). Vitamin D might help to reduce the severity of inflammatory
reactions by inhibiting pro-inflammatory cytokines (TNF-a and IL-
6) which are associated in the development of cytokine storm in
COVID-19 related ARDS (125, 137). In addition to its immune
function, vitamin D, like Zn and vitamin C, is vital in the
development and maintenance of epithelial and endothelial
boundaries, including lung cell (125). According to several
studies, there is a link between vitamin D insufficiency and SARS-
CoV-2 infection susceptibility and clinical manifestations (125,
137). As a result, persons living in isolation need often subject
themselves to direct sunlight and refill their dietary requirement of
foods rich in vitamin D along with intake of vitamin D tablets
commonly known as D-Rise tablet upon consultation of physicians,
to maintain immune function. More clinical research is required to
assess the effects of vitamin D supplementation in COVID-
19 patients.

Vitamin K is used for its cardiovascular health role, but
scientists have revealed that it may also be advantageous for
COVID-19 therapy. A new analysis by a team from the
Bispebjerg Hospital in Denmark found that COVID-19 patients
have low vitamin K levels and its deficiency is one variable that
may imply higher death in patients (138). An investigation by
Canisius Wilhelmina Hospital, researchers in the Netherlands,
found that optimal levels of vitamin K play a pivotal role in blood
clots and pulmonary dissuasion (139). These findings indicate that
increased vitamin K intake may aid patients to combat COVID-19
better (93). Animal and plant sources for various vitamins are
enlisted Supplementary Table 3.

Importantly, Vitamin A deficiency can cause osteoporosis if
consumed in large amounts. This can increase the risk of
FIGURE 3 | Role of vitamin D against COVID-19: It has an impact on SARS-CoV-2 infection outcomes through a variety of mechanisms, such as inducing anti-
inflammatory effects and/or lowering neutrophil/lymphocyte ratio, provoking innate and acquired anti-viral responses, interacting with cellular factor ACE2, conversing
with viral aspects, and/or disrupting virus life span.
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fractures, especially in people who have already been diagnosed
with osteoporosis (140). The high dose of vitamin E intake
increasing lung cancer (141). The high dose of vitamin B
absorbed increasing the growth of cancer cell (142). The high
level of vitamin D is lower risk of breast cancer because it
increased 25-hydroxyvitamin D (25-OH D) (143, 144).

There is no proven preventive technique to prevent the deadly
COVID-19, a global issue where hydroxychloroquine (HCQ)
was initially employed to counteract the COVID-19 viral load
(145). Both the CQ and HCQ act as an immunomodulator. The
clinical studies have found that in the COVID-19 patients, the
increased concentration of cytokines in the plasma was observed
(146). Remdesivir, an antiviral medication, prevented the virus
from multiplying and was created to combat Ebola. The usage of
this medicine aided the early recovery of the afflicted person.
Because no medication has yet been discovered to be particularly
successful against COVID-19, some antiviral drugs have been
used in clinical research to treat COVID-19 patients (147, 148).
Several drugs, including ribavirin, favipiravir, femdesivir,
tenofovir, baricitinib, oseltamivir etc. are in trial phase
(149, 150).
LIMITATION OF DRUGS THAT USED TO
TREAT THE COVID-19 INFECTION

There are currently no particular COVID-19 medications
available however, several authorized drugs and novel antiviral
compounds have been repurposed as prospective antiviral choices
for COVID-19 infection treatment (151, 152). As a result, various
pharmacological classes are being repurposed, including antivirals
(like indinavir, ritonavir, saquinavir, darunavir, lopinavir,
favipiravir, remdesivir, galidesivir, emtricitabin, tenofovir,
oseltamivir, penciclovir, ganciclovir, ribavirin, umifenovir etc.),
immunomodulators (like tocilizumab and interferon), enzyme
inhibitors (like nafamostat, camostat and carfilzomib), anti-
malarial (like chloroquine and hydroxychloroquine), anti-
parasitic (ivermectin), anthelmintics (niclosamide), antibiotics
(like teicoplanin, azithromycin,eravacycline, valrubicin,
streptomycin, nitazoxanide, caspofungin, and colistin), anti-
rheumatoid (like baricitinib), corticosteroids and herbal
medicines (151–155). There are also several obstacles to
overcome in terms of dose adjustments, acute/chronic toxicity,
and unfavorable in vivo pharmacokinetic (PK) properties (e.g.
plasma protein binding, tissue distribution, drug interactions), as
well as the selection of an appropriate delivery system and method
of exposure to deliver repurposed drugs against COVID-19 (151,
154). Another drawback of COVID-19 drug is that their proclivity
for causing acute toxicity may surpass the uncertain benefit of a
specific antiviral therapy (156). For example, the premature use of
hydroxychloroquine in COVID-19 treatments may result severe
skin lesions, liver failure, hypoglycemia, cardiovascular disorder,
gastrointestinal upset, neuropsychiatric effects, and retinopathy, as
well as an inferred significant threat of QT prolongation and
ventricular arrhythmia in the case of its combination with
azithromycin (153, 156–158). Antiviral drugs like lopinavir/
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ritonavir/remdesivir/favipiravir have been linked to nausea,
diarrhea, hepatotoxicity, vomiting, gastroparesis, or rectal
bleeding, abnormal liver function, renal impairment, higher
serum uric acid, hypotension, and rashes, whereas ribavirin, also
known as a teratogen and contraindicated in pregnancy causes
severe dose-dependent hematologic toxicity including
hemolyt icanemia (61%), hypocalcemia (58%), and
hypomagnesemia (46%) (156, 158, 159). Other drugs that have
been reported to have side effects include fever, myalgias,
headaches, leukopenia, lymphopenia, autoimmune hepatitis,
and thyroid disease for interferon, upper respiratory tract
infection, malignancy, thrombosis, nausea, blurred vision,
hypocholesterolemia, hypertension, urinary tract infection and
skin cancer for baricitinib,and are nausea, rashes, dizziness, fever
and tachycardia for ivermectin (158, 159). Likewise, many other
drugs are also linked to a variety of side effects, and further
research in needed to confirm their therapeutic usefulness (153).
In immune-compromised individuals, the emergence of viral
resistance, viral dormancy, and recurrent infection is a downside
of antimalarial drugs, whereas oral dosing of niclosamide is a
limitation in its capacity to reach the infection site due to poor
absorption (97, 154). The use of corticosteroids is still debated, and
current World Health Organization guidelines advise against
using them unless there is some concurrent indication, such as
chronic obstructive pulmonary disease exacerbation or pressor-
refractory shock (156). Some of the drawbacks of medicinal plants
include a lack of information on the safety profile and dosage for
various ailments (155). There are still no well-designed PK and
pharmacokinetic-pharmacodynamic (PK-PD) data of COVID-19
patients available, as well as no high-quality evidence to support
the use of the above repurposed medications for COVID-19
treatment. As a result, well-designed PK and PD studies
particularly targeting COVID-19 patients are immediately
needed to improve our understanding of the repurposed
medicines’ dose-exposure-effect correlations (151).
FOOD SUPPLEMENTS PLAY IMPORTANT
ROLE IN IMMUNITY BOOST UP

Probiotics prevent respiratory tract infections like coronavirus
infection, a research study showed that supplementation with
Bifidobacterium breve YIT4064 augments the antibody response
against oral influenza virus and producesa significantly greater
amount of high serum anti-influenza virus-specific IgG (160).
Supplementation with Lactobacillus casei also conferred
significantly increased protection to the upper respiratory
infection by intra-nasal influenza virus (161). Another study
performed on children aged 1-6 years, who were fed with milk
supplemented with Lactobacillus rhamnosus showed a lower
incidence of respiratory tract infections compared to the
control group (162).

Honey, another widely used food supplement potentiate to
augment the innate immune system and may help fight against
COVID-19 (163). It has been found to cause cell division
(mitosis) in both B- and T-cells (164). Because it can activate
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T-lymphocytes, B-lymphocytes, and neutrophils, leading to the
production of cytokines. Therefore, it plays a crucial role in
generating an adaptive immune response to SARS-CoV-2 (165).
Sugars, organic acids, amino acids, phenolic compounds,
vitamins, and minerals are among the components found in
honey. This is why honey has been researched in animal and
human models for a long time to determine its antioxidant
potency (165–167). Honey has also been shown to reduce acute
respiratory distress symptoms when consumed daily (168).

Zinc (Zn), is an essential trace element, also known as the
“magic bullet,” that is required for the normal human cell
activity, the protection of normal tissue barriers including the
respiratory epithelium, inhibiting pathogen invasion, and a
healthy immune and redox systems (169). Its potent
immunoregulatory and antiviral properties, as well as its
importance in growth, reproduction, immunity, and
neurobehavioral development, have made this mineral and its
ionophores potential COVID-19 targets (59, 125, 170). Zn has
the ability to increase T cell growth and activity, so decreasing the
cytokine storm, which is characterized by high amounts of
proinflammatory cytokines and chemokines that cause
systemic immune response dysfunction, resulting in ARDS or
multiple organ failure (125). It also contributes to the integrity of
epithelial barriers, which are necessary for organism defense and
pathogen invasion prevention (59, 125). Several studies have
looked into the role of Zn in immunity and host susceptibility
and its insufficiency is most likely one of the variables that
predisposes people to infection and advancement of COVID-19
(169, 171). In vitro tests found that the Zn ionophore pyrrolidine
dithiocarbamate inhibited influenza virus replication, and that
modest doses of Zn and Zn-pyrithione limit SARS-CoV-1
replication by inhibiting RNA polymerase, which is required
for RNA virus replication (59, 125, 137, 172, 173). Zn can also
improve interferon (IFN) cytokine signalling against RNA
viruses and reduce angiotensin-converting enzyme 2 (ACE2)
activity, which is required for SARS-CoV-2 entrance into host
cells (125). Zn, as a result, suppresses the elongation phase of
RNA transcription. Further, it may boost antiviral immunity by
increasing IFNa levels in leukocytes via JAK/STAT1 signaling
pathway (173). A recent in vitro study found that low zinc levels
promote viral growth in SARS-CoV-2 infected cells while, in a
complete metal(loid)s investigation, the amount of Zn, Mg,
manganese, iron, lead, arsenic, and thallium was lower in
severe COVID-19 patients compared to non-COVID-19
patients (174, 175). Consequently, control trial and meta-
analyzed data revealed that a significant number of COVID-19
patients were Zn deficient (88, 175), which was associated with a
longer hospital stay and increased mortality, whereas, Zn
treatment has been reported to reduce the severity (up to 54%)
and duration of various cold symptoms, such as fever, cough,
sore throat, muscle pain and nasal congestion (88),which can
occur after SARS-CoV-2 infection as well as decreased
pneumonia in infants, and decreased mortality (59, 123).
Although it is unknown whether Zn supplementation can help
patients with lower respiratory tract infections, because of its
direct antiviral activity, it may alleviate tissue injury caused by
Frontiers in Immunology | www.frontiersin.org 10
mechanical ventilation in COVID-19 patients who are critically
ill with low Zn level, and it may be used in conjunction with
antiviral drugs to treat COVID-19 infection (169, 173). Zn is now
being explored for prophylaxis and treatment of COVID-19
patients due to its role in immune function and ability to limit
coronavirus replication. The usual dose for Zn varies (2-13 mg/
day), irrespective of age and sex, with the upper safety threshold
for Zn is set at 40 mg/day by the Institute of Medicine (IOM),
and it is worth emphasizing that prior to taking Zn, physicians’
advice should be asked to mitigate deleterious consequences
(175).With more investigation, it might provide a cost-effective
therapy for COVID-19, which is obviously needed in
this pandemic.

Magnesium (Mg) as an enzymatic activator that plays a role
in a variety of physiological activities including cell cycle,
metabolic regulation, muscle contraction, and vasomotor tone,
as well as anti-inflammation, anti-oxidation, immunological
response, anti-spasm, vasodilation, and neuroprotection (176,
177). Mg is a necessary cofactor for oxidative phosphorylation,
energy production, protein synthesis, glycolysis, and nucleic acid
synthesis and maintenance, among other biological activities
(approximately 600) (178, 179). It functions as a structural or
catalytic component on enzymes as well as on substrates and it is
required for oxidative phosphorylation, energy production,
protein synthesis, glycolysis, and nucleic acid synthesis and
maintenance (178). As a result, it significantly supports the
hypothesis that magnesium deficiency may influence SARS-
CoV-2 susceptibility and response. Mg sulfate, a calcium
antagonist, is often utilized as a bronchodilator in the adjuvant
treatment of asthmatic patients (178). By blocking the IL-6, NF-
kB, and L-type calcium channels, it also reduces inflammatory
responses and oxidative stress, as well as improving lung
inflammation (178). Accordingly, Mg sulfate has a promising
aspect in the treatment of pulmonary symptoms, with the
potential to reduce respiratory distress and enhance lung
function in COVID-19 patients. There is insufficient
information on the magnesium status of people with Covid-19
of various severity levels. According to a retrospective study,
lower Mg levels were seen in patients with more severe COVID-
19 symptoms (61). In a recent transversal investigation,
hypomagnesemia was found to be common in hospitalized
Covid-19 patients, but high-level serum magnesium
concentration was more frequent in critical condition (176).
Surprisingly, Mg deficiency has been recorded in up to 60% of
critically ICU patients, predisposing these patients to serious,
even life-threatening effects such as hypokalemia and
hypocalcemia (178). According to a cohort research, the
combination oral treatment of Mg (150 mg daily), vitamin D
(1000 IU daily), and vitamin B12 (500 mcg daily) considerably
decreases the proportion of older COVID-19 patients who need
oxygen and/or critical care support (180). In fact, Mg sulfate
prolonged infusion could be used as a supplement to other
treatments for COVID-19-infected severely ill individuals. Mg
and vitamin D are required for the immunological function and
cellular resilience in a variety of organs. In particular, Mg aids in
the synthesis of vitamin D, which helps to control calcium and
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phosphate equilibrium to impact bone formation and
maintenance (61, 178). A lack of either these nutrients has
been linked to a variety of ailments, including skeletal
abnormalities, cardiac diseases, and metabolic disorders, as
well as the cytokine storm seen in the COVID-19 infection
(179, 181). In a group of COVID-19 patients, oral therapy with
Mg, vitamin D, and vitamin B12 reduced the need for oxygen
assistance, intensive care admission, or both (180). Hence, it is
prudent to address not only vitamin D deficiency but also Mg
deficiency and in COVID-19 patients, the prescribed dose of Mg
(Supplementary Table 4) need to be taken in order to achieve
the most advantages of Vitamin D (178, 179). Of obviously,
given the unique circumstances surrounding the COVID-19
epidemic, extensive clinical data is necessary in future study to
determine whether Mg sulfate in combination with other
approved therapeutic medicines is more useful to COVID-19
patients’ health.

Copper’s role in immunity and host susceptibility to infection
is proved in several studies (24, 182, 183). A recent study at the
University of Southampton has revealed that copper can
successfully inhibit the proliferation of respiratory viruses, such
as those associated with SARS and MERS outbreaks (184, 185). It
would be worth exploring the implementation of the same
strategy against COVID-19. The absence of copper in the body
leads to lower IL-2 proliferation and also lowers the potential to
generate superoxide anion and destroy microorganisms that
have been ingested (24). Some food can be used as a source of
copper as oysters, nuts, seeds, chicken marinated mushrooms,
lobster, liver, leafy greens, and dark chocolate (121). It enhances
the reaction of T lymphocytes, such as replication and IL-2
secretion (186).

Selenium is yet another micronutrient that has an important
role to play when it comes to maintaining human health.
Selenium impacts all the immune responses– innate, non-
adaptive, and adaptive (187). Food rich in selenium includes
beef, turkey, chicken, seafood, shellfish, and eggs (121). It
enhances immune cell production against various pathogens
(187–189). The low levels of selenium decrease the activity of
the natural killer cell and increased mycobacterial disease (189,
190). It can improve various aspects of human immune function
(100 - 300 mg/day), including older adults (191).

Beta-glucans contribution in promoting stimulation against
viral attack has been demonstrated in numerous human trials
(192, 193). Results of several studies have shown a reduction in
cold and flu symptoms and upper respiratory infections when
compared to placebo. The mechanism of action of beta-glucans
against viruses other than COVID-19 might be promoting viral
elimination or inhibition by priming innate immune function
(194). Recent studies show the possibility of both a prophylactic
and a curative advantage of sulforaphane against ARDS and
SARS-CoV-2 (195, 196).

The supplements mentioned above may have immune-
boosting properties, according to the outcome of scientific
studies. However, several of these supplements have not been
extensively tested in humans, emphasizing the need for
future research.
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IMMUNITY-BOOSTING PROPERTIES OF
DIFFERENT METABOLITES AGAINST
COVID-19
Metabolites are those small molecules that are intermediate or end
products of metabolism. They have a wide variety of functions,
including- signalling, stimulatory and inhibitory effects on enzymes,
modulating the immune response, catalytic activity of their own,
defense, and interactions with other organisms. Metabolites are used
to regulate the growth, differentiation, and activity of the immune
system (197). As of now, it is known that COVID-19 impairs those
human subjects whose immune system is not efficient enough to
fight viral infection. In that case, metabolites can enhance the
immune system to counteract viral infection. SARS-CoV-2 has
also been reported for manipulating the balance and secretion of
metabolites in the host to facilitate their replication process (198),
the mechanism of which has been depicted in Figure 4.

Some anaerobic commensal bacteria in the cecum and colon
produces short-chain fatty acids (SCFAs) (e.g., acetate, propionate,
butyrate, etc.) where some Bacteroidetes were reported to produce
acetate and propionate, butyrate is primarily made by certain
Firmicutes (200). Administration of SCFAs alters hematopoiesis
to increase the myeloid output, which eventually aids in clearing
systemic infections and alleviates allergic reactions (201).

Tryptophan, a substrate for microbial metabolism, produces
indole-3-aldehyde, a ligand for the aryl hydrogen receptor (AhR)
(202). In this way, it enhances immune maturation at the
tissuelevel. AhR expression is required for the expansion of
RORgt+ group 3 innate lymphoid cells (ILC3s) (203). It is also
pivotal for maintaining the epithelial barrier and homeostasis of
intraepithelial lymphocytes (IELs) (204).

Long-chain polyunsaturated fatty acids (PUFAs) have important
roles in inflammatory and adaptive immune responses. In most
situations, omega-3 and omega-6 PUFAs promote anti-
inflammatory and proinflammatory action (205). Furthermore,
protein D1, a lipid mediator generated from omega-3 PUFA, may
dramatically decrease influenza virus proliferation via RNA export
machinery (206). Food sources for Omega-3 polyunsaturated fatty
acids (PUFAs) (114) are- meat, poultry, cereal-based products, milk
products, vegetables, savory sauces and condiments, sugar products
and dishes, and special dietary foods.

The Thymosin alpha 1 (Ta1) is a peptide that consists of 28
amino acids (thymalfasin, trade name ZADAXIN ®) (207). The
amino acid series is homologous in bovine, murine, and human
species and a chemical-synthesized version demonstrated close
behavior to the native peptide in T-cell maturation modulation
(208). Ta1 can influence the mobilization of pre-NK cells that
then become cytotoxic following interferon exposure. It has an
unusual capacity to maintain the homeostasis of the immune
system. Ta1 can also be used as an immune stimulator in SARS
patients, and it has successfully managed disease spread (209).

Thymopentin is a pentapeptide generic metabolite having the
active site of the naturally found thymopoietin hormone and has
immune amplifying effects. It increases thymic T cell development
and may help regain immunocompetence in immunosuppressed
subjects (210). Myristic acid-modified thymopentin for improved
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plasma stability and immunomodulation (211). Thymopentin may
also be a good alternative for handling this novel coronavirus by
improving the immune system.

Levamisole is a synthetic low-molecular-weight organic
compound, that can improve immunity. However, levamisole may
function either as an immune stimulant or an immunosuppressant
depending on the dose and timing. Levamisole and in vitro ascorbic
acid therapy may restore the lymphocyte subpopulation of the
distressed helper/inducer in measles (212). Therefore, the use of
levamisole could also be considered for COVID-19 treatment.

Cyclosporine is a cyclic peptide with an immunosuppressive
preferential action. Cyclosporine A is used to cure inflammatory
diseases. It has played a significant role in viral infection, either
promoting or inhibiting their replication (213). Additionally,
cyclosporine A prevents replication of all genera of coronavirus,
including SARS-CoVs and avian infectious bronchitis virus
(214). Therefore, the non-immunosuppressive variants of
cyclosporine A may act as broad-range coronavirus inhibitors
that are relevant against the new novel virus such as
SARS-CoV-2.
PERSONAL HABITS AS A KEY TOOL TO
REJUVENATE THE IMMUNE SYSTEM

Exercise or physical activity is like a safe living medication for
chronic illness prevention, recovery, and also proper maintenance
Frontiers in Immunology | www.frontiersin.org 12
of physical and mental condition (52). Routine exercise has
demonstrated an improved response to antioxidants that can
increase immunosurveillance (Figure 5) (215). IL-6, which has
an anti-inflammatory function, also partly mediates the
immunomodulating effect of exercise (216). The metabolic
activity is also associated with daily workouts, including
developments in glucose metabolism, lipids, and insulins, and as
an adjuvant to immune and metabolic help (217). Physical activity
has also been found to alleviate many viral infections, like-
influenza, rhinovirus, and herpes viruses like herpes simplex
virus 1 (HSV-1), varicella-zoster (VZV), and Epstein-Barr virus
(EBV) (218, 219). Moreover, World Health Organization (WHO)
has already proposed a guideline that suggests a certain amount of
exercises such as walking, breathing for the people who have no
symptoms or diagnosis of acute respiratory illness during self-
quarantine (220).

Sleep, according to several studies, sleep plays a vital role in
the uplift of the immune system (42, 53). Furthermore, when
people do not get enough sleep, their antibodies and defensive
cells are decreased (221). Sleeping time is closely associated with
gender, age, and physical activity, with the ideal, suggested sleep
length in adults often ranging between 7 and 9 hours each night
(222). In a recent study, 164 individuals took a dose of the
common cold and then followed up on their sleeping patterns.
The findings revealed that those who have slept for less than six
hours a night are more susceptible than those who have slept for
more than seven hours to establish cold symptoms, and like so,
FIGURE 4 | Modification of some metabolic pathways due to viral infection. Human cell metabolism systems alter by viral infection as they rely on host cell
machinery to multiply; viruses promote human anabolism for the generation of macromolecules for replication and assembly. *Herpes-virus family; #Flavivirus family;
**down-regulates this metabolic activity; ##up-regulates lipid synthesis but down-regulates cholesterol synthesis (199).
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having enough sleep could help us against the COVID-19 (223).
The study indicates that cold and influenza-infected individuals
experience worse symptomatic conditions when they sleep badly.
This happens may be due to high proinflammatory cytokines,
which intervene with T-cells as well as other immune cells (221).

Intermittent Fasting (IF) has been found to affect immunity
through changes in various associated components, such as
oxidative stress and inflammation, metabolism, weight gain, and
feed structure. This food restriction technique can be implemented
directly (by the activation of the immune response) (54) or
indirectly (through autophagy induction) (224, 225) or by
stimulating body monitoring systems and enhancing immunity to
cope with stress thus promoting host protection. IF aids in the
normalization of the body’s systemic inflammatory status by
restricting proinflammatory cytokines (IL-1, IL-6, and TNF-a)
(226). Fasting also up regulates gene expression of cytokines type
2 (Il-4, Il-5, and Il-13), crucial for M2 macrophage polarisation
(anti-inflammatory) (227). Furthermore, IF can also modulate the
potential SARS-CoV-2 immune evading mechanism, which
involves ORF3a viral-mediated persistent activation of the
NLRP3. Despite being supported by several experimental test
results; robust studies are still in need to prove the potential of
regulated fasting for the improvement of immunity.

Alkaline diet, the diet or culinary element with a low net
potential renal acid load (PRAL) is regarded as an alkaline diet
that causes mild alkalosis in the blood, which denatures the virus
and helps to control the infection (228). Fruits (raisins, oranges,
strawberries, watermelons), juices (apple, lemon, grape) vegetables
(spinach, carrot, cabbage, celery, cauliflower, cucumber, radish,
green capsicum, tomatoes) milk products (curd, buttermilk) all
Frontiers in Immunology | www.frontiersin.org 13
have a very low PRAL value and have been reported to be effective
anti-influenza agents. Current evidence indicates that an alkaline
diet can help improve resistance and may even play a role in
COVID-19 treatments (229). It raises cellular pH (especially in
respiratory cells), preventing viral nucleic acid from reaching the
cytoplasm and hence preventing growth and spread (196). Alkaline
diets or drinks cause decreased metabolic alkalosis in the
cytoplasmic pH of respiratory tract cells, which eventually raises
the pH of the endosome, disrupting the viral life cycle in the early
phases and partially assisting in the development of physiological
resistance to viral infection (229). Nitric Oxide (NO) inhibits viral
protein and RNA, as well as NO synthase reduces progeny virus
output by 82%, reducing corona virus replication by virtue of its
antiviral impact. It is hypothesized that, in addition to humming,
eating alkaline meals high in dietary nitrates, which the body can
convert to NO, boosts NO expression and carbon dioxide through
longer expiration, preventing coagulopathies and morbidity caused
by COVID-19 (230). Fresh juice free of preservatives from the
aforementioned vegetables, or antioxidants derived from purple
carrot and cabbage, in combination with appropriate anti-
coagulants, may help prevent or mitigate the negative effects of
COVID-19 pathological outcomes, as well as mitigate multi-organ
damage caused by COVID-19 during the ongoing pandemic (231).
MENTAL HEALTH AND IMMUNITY

Stress, worry, depressive symptoms (Figure 5), sleeplessness,
denial, rage, and terror are among the mental health concerns
linked to the COVID-19 pandemic (232) where in some cases
FIGURE 5 | Symptoms of depression for COVID-19 patients. COVID-19 has changed emotions, behaviours, thoughts, and physical condition. Anxiety and stress
are the common outcomes in pandemics.
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COVID-19 may lead to suicide (233–235). During the COVID-
19 epidemic, a group of people relies on electronic devices and
social media, which upsurges the risk of stress, worry, and
anxiety (113, 139). Children and young people, in particular,
have limited access to open spaces and playgrounds, owing to
their increased reliance on electronic devices such as cell phones.
These circumstances have the potential to result in serious
mental disorders in the future (236, 237). Researchers should
start psychological examinations to detect mental health issues to
give early treatment and psychological help. To improve mental
health condition, WHO recommended some guidelines to eat a
healthy and nutritious diet, limit alcohol consumption, avoid
sugary drinks, avoid smoking, 30 minutes physical exercise,
listen to music, read the book or play a game (https://www.
who.int/).
CONCLUSION

An immunostimulant host, rather than a susceptible one, can
assure a robust immune system that can fight against COVID-19
infection as well as other viruses or bacteria, by eating a
nutritious diet, sleeping well, and exercising often. People who
eat a well-balanced diet appear to have a stronger immune
system and a lower risk during COVID-19 infection. COVID-
19, like many other viral diseases, poses a plethora of challenges
to deal with using conventional anti-viral drugs or newly
developed vaccines. Hence, a healthy and active immune
system is the sole most important factor that can truly help us
in the battle of COVID-19 during this global pandemic. Factors
like the inclusion of vege`s and fruits in daily diet, medicinal
plants and herbs, vitamins, metabolites, probiotics, potential
antiviral drugs, and physical exercise to gain a more protective
immune response against SARS-CoV-2 have been briefly
discussed throughout this review. These elements of boosting
immunity can be easily implemented into the daily lifestyle &
regular habits that will ultimately ensure a healthy immune
system. Besides, It is necessary to move forward with research
into the development of potential COVID-19 drugs
and vaccines.

This review clearly demonstrates that adequate nutraceuticals
and phytochemicals derived from a variety of plant or herb
Frontiers in Immunology | www.frontiersin.org 14
sources can boost up against COVID-19 infection. Therefore, a
lack of immunity intensifiers can be detrimental to the immune
system. To summarize, the simplest approach to strengthen the
immune system is to consume nutrients that act as immunity
boosters, and phytochemicals are the best after nutrients, and
both can be utilized as a potent weapon against SARS-CoV-2.
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