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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a highly pathogenic
and transmissible coronavirus, has resulted in a pandemic named coronavirus disease
2019 (COVID-19). It has taken over the world in no time causing nearly 5 million deaths
and almost 500 million people being affected as of June 2022 causing an extensive
burden on healthcare facilities globally. Though the disease onset is via respiratory
tract, but it affects almost all organs of the body and due to induction of mutations in
the virus, combating with the disease is extremely difficult. The major damage
associated with disease is driven through inflammatory pathways in tissues with
accompanying cytokine storm mediated mainly by macrophages. Building a strong
immune system requires maintenance of a healthy diet along with keeping vitamin and
coenzyme deficiencies away. The review focuses on the importance of the vitamins for
maintaining a good immune system to reduce the susceptibility to SARS-CoV-2
infection, to fight the infection efficiently, and to reduce the impact of the disease.
Vitamins play an essential role in modulating the immune responses to infection via
altering the signaling pathways, which can act as potential weapons against the
disease. Various water- and fat-soluble vitamins like vitamin B, C, D, and E have crucial
roles in mediating primary interferon response, improving innate as well as adaptive
functions of immunity and antioxidant properties. The current understanding about
the supplementation of various vitamins as an adjunct therapeutic strategy to fight
COVID-19 disease has also been discussed.

ruses were known to be linked to mild respiratory tract
problems, causing 15 to 25% of all “common colds,” until the

Coronavirus disease or COVID-19 is an extremely wide-
spread infectious disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), a novel coronavirus,
member of the Coronaviridae family with positive-sense
single-stranded RNA genome. Previously, human coronavi-
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outbreak of SARS in 2002 and Middle East respiratory
syndrome (MERS) in 2012." The first case of novel coronavi-
rus was reported in December, 2019 in Wuhan, China, which
has now rapidly spread to other countries across the world
due to its high mutation rate and rapid evolution, thus
developing a severe pandemic. Despite tremendous efforts
and vaccination drive as of April 2021, more than 149 million
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cases of COVID-19 have been recorded worldwide along with
3 million deaths as reported to the World Health Organiza-
tion (WHO).2

COVID-19 is predominantly acquired orally with a wide
range of clinical manifestations from asymptomatic forms to
mild symptoms like dry cough, fever, fatigue, and severe
cases including acute respiratory distress syndrome (ARDS)
and multiorgan dysfunction.3 Although the exact pathophys-
iology of SARS-CoV-2 still needs to be explored, it is already
known that the virus uses angiotensin-converting enzyme 2
(ACE-2) as receptor via the spike protein for access to the host
cells in the respiratory tract and ultimately lead to ARDS and
pulmonary edema.* Patients infected with SARS-CoV-2 also
show increased circulating levels of proinflammatory cyto-
kines, the so-called “cytokine storm,” leading to a hyper-
inflammatory state.”

Till date, some vaccines and treatments have been ap-
proved for the disease but none of the above are entirely
effective against it, making it necessary to maintain optimum
levels of personal hygiene and good immunity for its pre-
vention. One of the major preventive factors is maintaining a
diet rich in essential proteins, vitamins, and minerals.
Healthy diet is the best way to strengthen the immune
system and to reduce the susceptibility to viral infections
including COVID-1 9.5with existing knowledge regarding the
vitamins playing pivotal roles in supporting both innate and
acquired immune responses, the vitamins supplementations
have gained much attention during the current pandemic.
Also, anti-inflammatory properties of several vitamins are
well elucidated.” Notably, uncontrolled inflammation is a key
component in COVID-19 pathogenesis, and in the absence of
any specific treatment strategy, vitamin supplementation
can act as an important weapon against COVID-19. This
review aims to investigate the current findings on identifying
the potential value of vitamin supplementation in the fight
against COVID-19.

Potential Role of Vitamins Supplementation
against COVID-19

The contribution of vitamin supplementation in enhancing
the immunity and exhibiting their anti-inflammatory role
has long been known. Vitamin A and vitamin B complex are
already known for regulating the production of proinflam-
matory cytokines. Not only this, vitamin D also promotes the
synthesis of anti-inflammatory cytokines and antimicrobial
peptides that help in inhibiting cytokine storm.

Evidences suggest that different vitamins like vitamin C,
vitamin K, and vitamin D and members of vitamin B mediate
anti-inflammatory actions by inhibiting NF-kB, an important
member of inflammatory cascade.®° Moreover, vitamin C is
gaining attention of many researchers due to the fact that
antioxidant properties of vitamin C can be used against
cytokine storm-mediated oxidative stress in ARDS.'®

Notably, vitamin deficiencies can lead to weakened im-
mune system and can decrease resistance to infections.
Epidemiological studies have confirmed the link between
vitamin D deficiency and increased susceptibility to respira-
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tory viral infections."’ Thus, exploring the role of each
vitamin in context to COVID-19 will be of great use.

Vitamin A

Vitamin A, a fat-soluble vitamin, enhances the immune
related functions and plays a regulatory part in cellular
and humoral immunity. Retinoids stimulate natural killer
(NK) cells, dendritic and innate lymphoid cells.'? It plays a
crucial role in maintaining morphology and functional
maturation of the epithelium thus enhancing antiviral
properties. Thus, reduced vitamin A status has been corre-
lated with improper functioning of neutrophils, macro-
phages, T-and B-cells and an increased risk of acquiring
viral infections. Also, the subjects with deficit vitamin A
levels showed morphological changes in pulmonary epithe-
lial and parenchymal lining, causing respiratory dysfunc-
tion, as reviewed by Iddir et al.'* This information is
relevant while considering the COVID-19 effects on lung
function. Yuan et al depicted that an agonist for retinoic
acid (RA) receptor o (Am580) serves as an effective inhibitor
of SARS-CoV by disrupting sterol regulatory element bind-
ing protein-mediated lipogenic pathways.'?> Another study
suggested vitamin A as a treatment of coronavirus infec-
tion." A scientific report proved that dietary supplemen-
tation with vitamin A increased antibody generation in
response to the vaccine in calves. Moreover, lower vitamin
A with viral infestations led to an increased damage to
epithelium in chickens. These observations also correlate
with clinical reports, which stated an increased susceptibil-
ity to SARS-CoV with reduced vitamin A amounts in various
diseased models. Vitamin A oral supplementation is cur-
rently being tested as COVID-19 therapeutics.” Vitamin A
supplementation to deficient subgroups reduces infection
with Mycoplasma pneumoniae, a secondary infection seen
associated with COVID-19." With bioinformatics-based
tools, several potential targets of vitamin A against
COVID-19 like “MAPK1, IL10, EGFR, ICAM1, MAPK14, CAT
and PRKCB” have been identified."® Also a literature report
suggested a possibility of vitamin A usage for rectifying
olfactory dysfunction in COVID-19 infection that might help
in regenerating olfactory neurons.'”

However, some other observations from pooled analysis
suggested no effect on symptoms or incidences of lower
acute respiratory tract infection (RTI) after vitamin A ad-
ministration. Also, in old age individuals, poor association
was found between circulatory carotene and retinal levels
with immune response to vaccine, signifying that the im-
mune function was not appreciably influenced upon varying
these dietary micronutrients in elderly population. Even in
children, vitamin A administration had no influence upon
risk assessment of the lower respiratory diseases. Similar
results were revealed by a meta-analysis study, where acute
RTI incidence did not corelate with the supplemented subset
in developing nations as reviewed by Iddir et al.'* Taking
above observations into consideration the role of vitamin A is
protective against respiratory tract infections and hence
must be considered for its therapeutic value against
COVID-19.
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Vitamin B Complex

SARS-CoV-2 infection results in increased proinflammatory
cytokines mediating its effect on both innate and adaptive
immune response. Vitamin B is important for the activation
of both innate and adaptive immune responses and it also
assists in maintaining endothelial integrity, reducing proin-
flammatory cytokine levels, preventing hypercoagulability;
therefore, it is imperative to unveil the effects of vitamin B
complex in reference to inflammatory pathways and
COVID-19.8

Vitamin B1

Thiamine or thiamine pyrophosphate is an essential water-
soluble vitamin crucial for regulating cellular metabolism.
Vitamin B1 exhibits an anti-inflammatory role by influenc-
ing proapoptotic proteins, cytochrome C release, and MAPK
activity.® It has also been reported that vitamin B1 defi-
ciency induces cytokine storm by producing high amounts
of proinflammatory cytokines like IL-1, tumor necrosis
factor-alpha (TNF-a), and IL-6 indicating that adequate
amount of thiamine is essential during COVID-19
infection.'®

Vitamin B2

Vitamin B2 or riboflavin is an important precursor of coen-
zymes needed for flavoprotein enzymatic reactions. Accord-
ing to Lindsay et al, pathogen reduction with riboflavin-
ultraviolet (UV) decreases the infectivity of CoV-2 in whole
blood and plasma, thus suggesting that vitamin B2 infusion
can be helpful against COVID-19. Not only this, riboflavin
insufficiency can induce the intensification of proinflamma-
tory activity of adipocytes that leads the way to chronic
inflammation.%’

Vitamin B3

The immense demand for vitamin B3 or niacin is due to its
pivotal role in oxidation-reduction reactions. One of the
clinical studies suggests that niacin is a strong agent to
decrease proinflammatory cytokines interleukin-1 (IL-1),
IL-6, and TNF-o.®! Besides this, niacin also inhibits the
enzymatic activity of MP™ protease by binding to its catalytic
pocket.? On molecular levels as a part of the innate response,
PARPs (poly ADP ribose polymerase) get activated due to
DNA damage and are required for the inhibition of viral
replication.?? Continued activation of PARP will lead to their
depletion at one time. Previous data indicated that nicotin-
amide adenine dinucleotide (NAD) infusion may restore
PARPs’ function for inhibition of viral replication and thus
support in innate response towards COVID-19.2% Further-
more, studies indicated that supplementation of NAD pre-
cursors like nicotinamide ribose helps combat COVID-19
infection by increasing activity of Sirtuins, reducing oxida-
tive stress and are therefore considered as potential thera-
peutics for reducing hyperinflammation.?®

Vitamin B5
Vitamin B5 usually known as pantothenic acid is used for the

synthesis of acetyl CoA required in the metabolic pathway of
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proteins, carbohydrates, and fats. Apart from this, it also plays
animportant role in decreasing inflammation, improves men-
tal health, and is an important regulator of innate and adaptive
response. However, vitamin B5 or the mechanisms of its action
in context to COVID-19 has not been studied yet.

Vitamin B6

Pyridoxine is a water-soluble vitamin; its active form pyri-
doxal phosphate (PLP) has a supporting role in inflammation,
metabolism, and immunomodulation. In this context, PLP
supplementation has been proposed to decrease proinflam-
matory cytokines, prevent hypercoagulability, and support
endothelial integrity which tends to diminish COVID-19
symptoms.?® Insufficient levels of PLP have also been ob-
served in type-2 diabetes patients, persons with long suffer-
ing cardiovascular disease, and in the elderly, the groups who
are at an increased risk of poor COVID-19 outcomes.?’
According to Qian et al, pyridoxine deficiency decreased
the lymphocyte number and interleukins production that
are an important part of adaptive response during COVID-19
infection.

Vitamin B9

Vitamin B9/ folate is a water-soluble vitamin involved in one
carbon metabolism and is essential for DNA and protein
synthesis. It has been studied that folic acid inhibits furin
protease and 3CIP™ (coronavirus main proteinases).2% Hence,
folic acid decreases the rate of replication in these two ways.
Folic acid supplementation reverses the uncoupling of epi-
thelial nitric oxide synthase (eNOS) restoring nitric oxide
production along with an affect on endothelial function
therefore, showing an anti-inflammatory and antioxidant
activity.?? Moreover, the expression of nuclear factor kappa B
(NF-kB; proinflammatory molecules) and cyclooxygenase-2
is also under the control of eNOS. As NF-kB is a regulatory
factor for proinflammatory cytokines, folic acid is known to
reduce homocysteine induced NF-kB.3°

Vitamin B12

Vitamin B12 is necessary for the synthesis and division of red
blood cells and white blood cells. Vitamin B12 deficiency
gives rise to hyperhomocysteinemia further leading to in-
creased inflammation, reactive oxygen species (ROS), and
endothelial dysfunction. Patients with COVID-19 show the
symptoms like elevated homocysteine, hypercoagulopathy,
and increased oxidative stress that are parallel to that of
vitamin B12 deficiency.3’ Romain et al showed that vitamin
B12 also exhibits anti-inflammatory effects similar to folate
by regulating NF-kB. Interestingly, a recent study manifested
that methylcobalamin supplementations tends to decrease
COVID-19-related symptoms and organ damage.3? Various
roles of vitamin B have been compiled in ~Table 1.

Vitamin C

Vitamin C is a water-soluble vitamin known for its antioxi-
dant role. COVID-19 patients show increased number of
neutrophils but are lymphopenic. Researchers also reported
that vitamin C suppresses antiviral T cells through
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Table 1 Role of different vitamins of B complex

Vitamin Physiological role Role in COVID-19 Recommended
(per day)
B1 ¢ Important cofactor for enzymes * Anti-inflammatory (inhibits NF-kB *1.1mg
(Thiamine) involved in carbohydrate and pathway)’
amino acid metabolism®® « Antioxidant role'®
* Antioxidant role
B2 * Precursor of enzymes needed for * Riboflavin-UV in combination reduces 1.1mg
(Riboflavin) reactions of flavoproteins the infectivita/ of CoV-2 in whole blood
and plasma7
B3 « Cofactor in oxidation reduction * Potent inhibitor of MP™ protease 14 mg
(Niacin) reactions’ (needed for viral rc-zplication)zzG?"64
¢ Reduction in pro-inflammatory * Increase sirtuins activity72
cytokines?! * Relieves oxidative stress
B5 « Synthesis of coenzyme A * Not studied yet 5mg
(Pantothenic acid) (essential for carbohydrate, fatty
acid, proteins metabolism)’3
« Wound healing”*
B6 * Red blood cell synthesis75 * Prevents hypercoagulability 1.3mg
(Pyridoxine) « Vital for metabolic pathway of * Inhibits release of proinflammatory
fats, carbohydrates and proteins cytokines.2®
B9 * DNA and protein synthesis * Inhibits furin protease (viral entry)28 400 pg
(Folate)  Transfers one carbon units in * Inactivates ?rotease 3CIP™ (virus
metabolic pathways (one carbon replication)’’
metabolism) * Anti-inflammatory (7regulate NF-kB) and
antioxidant activity’8
B12 * Important for synthesis of DNA * Exhibits anti-inflammatory effects by 2.4ug
(Methylcobalamin) * Red blood cells’ and white blood regulating NF-kB”°
cells’ division * Methylcobalamin supplements tends to
decrease COVID-19 related symptoms>?

Abbreviations: COVID-19, coronavirus disease 2019; NF-kB, nuclear factor-kappa beta; UV, ultraviolet.

augmentation of interferon (IFN) production and thus it is
helpful in maintaining normal neutrophils to lymphocytes
ratio.>3

Neutrophils bind to platelets that induce them to form
neutrophil extracellular traps (NETs).>* NETs play both pro-
tective and detrimental roles during viral infections. Small
pathogen like viruses gets entrapped inside NETs as found
during influenza and syncytial respiratory virus infection.
On the other hand, NET-associated antimicrobial factors may
have toxic effects for the host and their increased production
may cause tissue damage.® Additionally, vitamin C has a
prime role in clearance of dead neutrophils from the site of
infection; vitamin C also weakens NET formation in healthy
people.?” Furthermore, it counteracts oxidative stress, thus
preventing NF-kB-driven cytokine storm too. However, vita-
min C treatment must be started before the requirement of
intensive care unit to maintain normal neutrophil to lym-
phocytes ratio that may prevent SARS-CoV-2 patients to
worsen toward ARDS.>8 Vitamin C may also help in decreased
alveolar epithelial damage by preventing excess activation
and aggregation of neutrophils.’” In addition, SARS-CoV
downregulates ACE-2 receptor via its spike protein that con-
tributes to multiple organ injury in COVID-19. Moreover, SIRT-
1 is expressed next to the promoter region of ACE-2 gene;
hence, ACE-2 transcript is under the epigenetic control of
SIRT-1. Vitamin C is known to upregulate SIRT-1 consequently
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leading to increased expression of ACE-2.3° Therefore, vitamin
C is a potential rescue therapy for COVID-19.

Vitamin D

In context to COVID-19 pandemic, vitamin D is one of the
most extensively studied vitamins due to its crucial role in
immune response against viral diseases. The potential roles
of vitamin D with respect to its structure and other cellular
and immune related functions has been summarized in
the =Table 2. Scientific literature has discovered that 91%
of indoor workers possessed suboptimal vitamin D status.*
Its role as immune modulator in viral acute RTIs came from a
study involving patients possessing mutated vitamin D
receptors.’® Jain et al illustrated that administration of
vitamin D with L-cysteine decreased oxidative stress in
vitamin D deficient mouse model.*' In a rat model of
ARDS, calcitriol upregulated ACE-2 and downregulated renin
and angiotensin-II indicating vitamin D hinders the advance-
ment of infection induced ARDS. Furthermore, a meta-anal-
ysis demonstrated a 12% shielding effect of vitamin D
supplementation and risk of acute RTIs that raised up to
19% either through a daily or weekly treatment relative to a
monthly bolus. Although, 70% of the protective effect was
observed when the deficiency was corrected.” A current
analysis including 11,000 subjects depicted a protective role
of vitamin D administration in acute RTIs in 25 random control
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Roles References

Structural-related functions -Maintenance of lung structure, size, volume, and functions 7,40
-Upregulation of ACE-1, ACE-2

Cellular functions -Induction of autophagy 41.47
Stimulation of apoptosis

Immune-related functions Differentiation and killing potential of monocytes 14
Supports antigen presentation 14
Augmentation of natural protective barriers /
Downregulates NF-kB that led to increased anti-inflammatory, reduced 80
proinflammatory factors (IL-6, 1L-8, IL-12, COX-2, GM-CSF, 14, IL-5, VCAM-1,
ICAM-1, E-selectin)
Affects the production of enzymes, i.e., iNOS, PLA2 81
Generation of antimicrobial peptides like cathelicidins (LL-37), defensins 45.81
Immunosuppression by activating T-regulatory cells 4
Antioxidant functions 4

Abbreviations: ACE-1, angiotensin-converting enzyme 1; Cox2, cyclooxygenase-2; GM-CSF, granulocyte-macrophage colony-stimulating factor;
ICAM-1, Intercellular adhesion molecule-1; IL-6, interleukin-6; iNOS, inducible nitric oxide synthase; NF-kB, nuclear factor-kappa beta; PLA2,

Phospholipase A2; VCAM-1, Vascular cell adhesion molecule-1.

trials.*2 Similarly in one more clinical trial, a 100,000IU intake
of vitamin D once in a month declined acute RTIs in older
patients, with respect to a standard dose of 12,000IU/month.*3

The cocooning or indoor confinement might be the main
cause of vitamin D deficiency that was aggravated during
COVID-19 lockdown. The prevalent vitamin D deficiency in
Northern Hemisphere has been linked to inflammation
suppressive role of vitamin D as evident in severe COVID-
19 subjects.*® The correction of vitamin D deficient levels in
COVID-19 individuals represses an adhesion-related mole-
cule (CD26/DPP4) via which the COVID-MERS viruses are
thought to access a host cell. The interaction of spike protein
with ACE-2 translocates the virus inside the host cell, thereby
diminishing ACE-2 and probably improving the pathogenesis
of respiratory infections. Also, a negative association was
revealed between vitamin D levels and COVID-19 mortality
in many European countries as reviewed in ref.” Similarly,
SARS-CoV-2 patients in Switzerland had significantly lower
vitamin D status (11.1 ng/mL) relative to the negative cases
(24.6 ng/mL).*? Overall, the usage of multivitamins including
vitamin D might decrease inflammation in SARS-CoV-2
infection and can serve as an adjunct in COVID-19 therapeu-
tics. Vitamin D is known to affect the risks, severity, morbid-
ity, and mortality of numerous pulmonary diseases and may
also have similar effects in case of COVID-19. However,
Rhodes et al suggested that a few nations have low mortality,
which signifies the role of vitamin D in determining out-
comes from COVID-19.** Also, the circulatory 25(OH)D
declines with age, which parallels the mechanism of in-
creased COVID-19 fatality with increasing age.* In relation
to COVID-19, khoramipour considered that 1000 to
20001U/d of vitamin D was sufficient to enhance respiratory
immunity.*® Moozhipurath et al depicted an inverse connec-
tion of UV-B exposure, which is related to vitamin D
production thus showing inverse correlation of vitamin D
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production with COVID-19 mortality. There is 17.3% risk of
COVID-19 among individuals with severe vitamin-D defi-
ciency; however, it was 14.6% in individuals having vitamin D
within normal limits. Vitamin D diminishes proinflamma-
tory cytokines that are involved in COVID-19 manifestation,
shifts cell population from Th1 to Th2 type, thus preventing
cytokine storm. The data from studies worldwide correlates
severe 25(OH)D deficiency with COVID-19 that caused coa-
gulopathies, disrupted immune activity, thrombocytopenia,
and raised prothrombin time, suggesting vitamin D supple-
mentation as a potential therapeutic regime as reviewed by
Vyas et al.4!

Adding to the advantages of vitamin D, recent findings
showed raised number of white blood cells after vitamin D
ingestion in COVID-19 cases.*’ Further as treatment to
COVID-19, the combination of vitamin D with melatonin
and a triple therapy comprising of quercetin, calcitriol and
estradiol is advised.*® A trial conducted by University of
Granada involving 200 subjects proposed a dosage of
25,0001U of calcitriol in preventing and curing COVID-19.4°

Surprisingly, contrasting evidences to the above-men-
tioned information do exist, as investigations of UK biobank
and The Royal Society revealed no clue to conclude vitamin D
as a solution in COVID-19 infections. However, they dis-
cerned that COVID-19 disproportionately affects Black and
minority ethnic subsets irrespective of vitamin D levels.*?
Studies on RTIs detected nonsignificant differences between
the high-dose (20001U/d) versus standard-dose (400IU/d)
except in the severe deficient cases.*> “Scientific Advisory
Committee on Nutrition” verified that the present evidences
do not support calcitriol administration to avert acute RTIs in
the individuals.*® Moreover, calcitriol deficiency has also
been linked with numerous disorders such as diabetes,
hypertension, cognitive dysfunctions, and cardiac illness,
making one more prone to COVID-19. The reason for
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complicated role of vitamin D might be due to its different
doses, course of therapy, study settings, study subjects and
interval, definitions, and verification of the outcomes.*
Thus, the existing studies suggest a preventive role of
vitamin D supplementation against COVID-19; however,
exceeding supplementation causing hypervitaminosis
must also be taken into consideration as a consequence.

Vitamin E

Vitamin E is a fat-soluble vitamin with an antioxidant
activity along with important immunomodulatory effects.
Excessive ROS production and lipid peroxidation have been
observed in ARDS as well as in vitamin E deficiency.>
Vitamin E supplementation improves the immune function
by T cell activation, enhancing NK cell activity by modulating
NO levels, increasing macrophage phagocytic activity along
with the decreased IL-12 production and regulating function
of dendritic cells.”' In analysis of male Finnish smokers,
vitamin E infusion was found to reduce the risk of pneumonia
in older subjects (>60 years) but no significant effect was
found on respiratory infection in another study of Dutch
older adults.” A study in year 2020 showed the mitigating
effect on cardiac injuries in COVID-19 patients with com-
bined supplementation of vitamin C and E. However, another
group of researchers found that risk of pneumonia was
increased in 50 to 69 years old smokers due to vitamin E
administration.>?

A randomized double-blind trial reported that vitamin E
supplementation (200I1U/d) for 1 year decreased the risk of
upper respiratory tract infections.>® Therefore, it can be
speculated that vitamin E might be helpful in prevention
of COVID-19 infection. Not only this, one study had already
indicated that vitamin E administration is more helpful in
reducing elevated oxidative stress than vitamin C in influen-
za patients, but both vitamin C and E in combination even
reduce lipid peroxidation.>* Study by Dewald in 2021 indi-
cated the greater number of COVID-19 patients (36%) were
linked with high dose of vitamin E (>15.5mg/mL) that is
attributed to vitamin E supplementation. Patients with
intracranial hemorrhages also have the vitamin E levels
ranged between 23 and 46.7 mg/mL and the deceased
patients show even higher levels of vitamin E (111.7mg/mL).
Altogether, this suggests that although vitamin E has protec-
tive effects in context to COVID-19, it is necessary to evaluate
the necessary supplement intake and patients’ needs in
order to avoid overdosing and thus toxicity.

Vitamin K

Vitamin K is another fat-soluble vitamin recognized for its
crucial role in coagulation via prothrombin (clotting factor
IT). Vitamin K also activates anticoagulant protein S, required
for thrombosis prevention. These pleiotropic roles of vitamin
K in blood clotting could be very important in the context of
severe COVID-19 where coagulopathy has been well known.
The key mediators behind this hypercoagulable state are the
increased levels of proinflammatory cytokines, the cytokine
storm observed during COVID-19 infection. Therefore, spe-
cial attention should be paid to vitamin K levels in COVID-19
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patients with heart-related comorbidities especially those
taking vitamin K antagonists.>>

Apart from this, vitamin K is also essential for carboxyla-
tion and activation of many proteins including osteocalcin in
bone and matrix Gla protein (MGP) that protect against
vascular calcification.”® Increased circulating levels of inac-
tive MGP (desphospho-uncarboxylated MGP) in COVID-19
patients exhibiting elastic fiber pathologies indicate the link
between vitamin K deficiency and COVID-19.>’

Other than its role as cofactor for different enzymes,
vitamin K also shows significant anti-inflammatory effects.
One mechanism for such effects is the inhibition of IL-6, a
major cytokine in NF-kB signaling. Taking into consideration
the anti-inflammatory actions of vitamin K, another study
suggested that vitamin K deficiency can cause activation of
the Th2 storm with increased production of IL-6 and thus
suggesting its link with cytokine storm in COVID-19
patients.58 However, further investigations are required to
understand the interrelationship between vitamin K and
COVID-19.

Discussion

COVID-19 had caused drastic health crisis worldwide. Al-
though a few vaccines and treatments have been approved
for COVID-19, due to the lot of people being infected in the
COVID-19 scenario, clinical preventive measures are re-
quired to reduce the catastrophic effects of COVID-19. One
such approach is maintaining optimum vitamin levels and a
balanced diet to strengthen the immune system. In this
review, we have highlighted the potential role of vitamin
supplementation in the fight against COVID-19 taking into
consideration the pleiotropic roles played by vitamins that
are required for a healthy immune system (summarized
in =Fig. 1). Retinoids (vitamin A) perform various immune
functions by regulating multiple processes like actions of
IFN-I, phagocytic and oxidative activity of macrophages,
function of immune cells, production of IL-2, TNF-a, and
differentiation of Th1 and Th2 cells."”>*® In relation to
coronavirus it has been known that retinoid signaling inhib-
its coronavirus and RA receptor o (Am580) serves as a
potential SARS-CoV inhibitor.?® Also, vitamin A ingestion
via diet raised the antibody production in response to
inactivated bovine coronaviruses.®! Apart from this, there
are existing reports that suggested either negative or no
associations of vitamin A supplementation with risk of
reducing COVID-19 infections. However, as contradictory
studies exist in the present literature, it is difficult to say
whether vitamin A intake is fully advantageous against
COVID-19.

Evidences from literature also demonstrated anti-inflam-
matory, antioxidative, as well as anticoagulopathic function
of vitamins that have been proven to be beneficial in fighting
disease. Vitamin C, D, K, and B have a peculiar regulatory
function in mediating the innate immunity via regulation of
pro- and anti-inflammatory pathways. These vitamins either
inhibit the production of proinflammatory cytokines like
IL-1, IL-6, and TNF-a or promote their anti-inflammatory

No. 4/2023 © 2023. National Academy of Medical Sciences (India). All rights reserved.

191



ACE2 receptor mediated
viral entry )

-

>

<

Angiotension Il activation .

Compleme;'nt activation

Hypercoagﬁlopathy

IL-2, IL-6, IFN-y

@0

Monocytes & neutrophils
recruitment
|

192 Current Perspective on Vitamins and COVID-19  Goyal et al.

Viral replication in
lung epithelial cells

9
O

' I“mmuné‘x,‘ -
/ activation\
v - NFkB
Q activation
/

Cytokine storm
IL-6,IL-1B, TNF-q, IL-2

Fig. 1 Potential role of various vitamins against the pathogenesis of coronavirus disease 2019 (COVID-19). ACE-2, angiotensin-converting
enzyme 2; IFN-y, interferon y; IL-2, interleukin-2; NOS, nitric oxide synthase; NF-kB, nuclear factor-kappa beta; ROS, reactive oxygen species; TNF-
o, tumor necrosis factor-a. Vitamins are depicted by the alphabets and numbers.

effects by inhibiting NF-Kb.%26 Moreover, both vitamin E and
B9 modulate NO production that add to their anti-inflam-
matory activities.?>-%2 In addition to their anti-inflammatory
role, vitamin B family is found to be beneficial in respiratory
tract infections like COVID-19 because of their role as anti-
oxidants. As inflammation is also accompanied by increased
ROS production and lipid peroxidation in COVID 19, vitamin
E, C,B1, B9, and B12 mediate their vital functions by acting as
strong antioxidant agents.

Some of the vitamin B complex are also known to inhibit
the activity of the enzymes essential for SARS-CoV-2, like
folate inhibits the furin protease and niacin blocks MP™
protease.®3®4 Moreover, vitamin C is a potential rescue
therapy for COVID-19 because its supplementation opposes
oxidative stress-induced cytokine storm by preventing NF-
KB activation and neutrophil sequestration.'® Furthermore,
combined treatment of vitamin C and E reduces oxidative
stress and lipid peroxidation.”* Vitamin D has a versatile
impact in combating lung diseases by functions such as
monocyte differentiation to macrophages, inflammatory
cytokine production, antigen presentation, maintenance of
cell-to-cell junctions, and production of antimicrobial pep-
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tides like cathelicidins and defensins. Moreover, the suffi-
cient consumption of vitamin D might help to reduce the
prevalence, symptom severity, death, and recovery rate of
COoVID-19 patients.15 Further as therapeutics or prevention
strategies to COVID-19, a few combination therapies have
been suggested including quercetin or estradiol.®®

Besides this, it has been noted that severe 25(OH)D
deficient environment with coronavirus infection can cause
disruption in coagulation profile namely reduced platelet
count and raised prothrombin time that might be rectified
after 25(0OH)D supplementation.*' Vitamin B6 and B12 are
also known to prevent hypercoagulopathic state and thus
sum up to be beneficial in COVID-19 infection. Apart from
this, vitamin K also has a pleiotropic role in blood clotting.

Till scientific evidence come forward, excessive doses of
vitamins should be avoided. Excessive vitamin D intake could
result in hypercalcemia and renal stones.®® Also, vitamins
can act as epigenetic modulators and can alter transcription-
al and translational switch of diverse inflammation related
markers.®’” All these evidences suggest that adequate vitamin
consumption is essential for precise body functioning in the
COVID-19 scenario.

Vol. 59 No. 4/2023 © 2023. National Academy of Medical Sciences (India). All rights reserved.



Current Perspective on Vitamins and COVID-19  Goyal et al.

Data Availability Statement
As this is a review article, thus the data added in has been
taken from the available literature.

Authors’ Contributions

J.K. supported the conceptualization and the objective of
the article. D.R,, H.G., R.S. carried out the writing of the
article. D.L. contributed by editing the article so as to make
it a crisp read. J.K. also contributed by conceptually
revising the article on a critical level.

Conflicts of Interest
None declared.

Acknowledgement

We are thankful to Department of Biochemistry, PGIMER
for the support. We are so grateful to Nidhi Bhardwaj for
her help in editing part.

References

1

w

N

wv

[e)]

~

oo

=}

10

"

13

14

Weiss SR, Navas-Martin S. Coronavirus pathogenesis and the
emerging pathogen severe acute respiratory syndrome coronavi-
rus. Microbiol Mol Biol Rev 2005;69(04):635-664

WHO. Coronavirus disease (COVID-2019) situation reports.
World Heal Organ 2020

Rothan HA, Byrareddy SN. The epidemiology and pathogenesis of
coronavirus disease (COVID-19) outbreak. J Autoimmun 2020;
109(February):102433

Li W, Moore MJ, Vasilieva N, et al. Angiotensin-converting enzyme
2 is a functional receptor for the SARS coronavirus. Nature 2003;
426(6965):450-454

Coperchini F, Chiovato L, Croce L, Magri F, Rotondi M. The cytokine
storm in COVID-19: An overview of the involvement of the
chemokine/chemokine-receptor system. Cytokine Growth Factor
Rev 2020;53(May):25-32

Aman F, Masood S. How Nutrition can help to fight against
COVID-19 Pandemic. Pak ] Med Sci 2020;36(54):5121-S123
Jovic TH, Ali SR, Ibrahim N, et al. Could vitamins help in the fight
against covid-19? Nutrients 2020;12(09):1-30

Hodges S, Pitsillides AA, Ytrebg LM, Soper R. Anti-Inflammatory
Actions of Vitamin K. In: Vitamin K2 - Vital for Health and
Wellbeing. 2017. Doi: 10.5772/63891

Spinas E, Saggini A, Kritas SK, et al. Crosstalk between vitamin B and
immunity. ] Biol Regul Homeost Agents 2015;29(02):283-288
Chen Y, Luo G, Yuan J, et al. Vitamin C mitigates oxidative stress
and tumor necrosis factor-alpha in severe community-acquired
pneumonia and LPS-induced macrophages. Mediators Inflamm
2014;2014:426740

Gunville CF, Mourani PM, Ginde AA. The role of vitamin D in
prevention and treatment of infection. Inflamm Allergy Drug
Targets 2013;12(04):239-245

Trasino SE. A role for retinoids in the treatment of COVID-19? Clin
Exp Pharmacol Physiol 2020;47(10):1765-1767

Iddir M, Brito A, Dingeo G, et al. Strengthening the immune
system and reducing inflammation and oxidative stress through
diet and nutrition: considerations during the covid-19 crisis.
Nutrients 2020;12(06):1-39

Bour Bour F, Mirzaei Dahka S, Gholamalizadeh M, et al. Nutrients in
prevention, treatment, and management of viral infections; special
focus on Coronavirus. Arch Physiol Biochem 2023;129(01):16-25
Gasmi A, Tippairote T, Mujawdiya PK, et al. Micronutrients as
immunomodulatory tools for COVID-19 management. Clin
Immunol 2020;220:108545

Annals of the National Academy of Medical Sciences (India) Vol. 59

16

20

21

22

23

24

25

26

27

28

29

30

31

Li R, Wu K Li Y, et al. Revealing the targets and mechanisms of
vitamin A in the treatment of COVID-19. Aging (Albany NY) 2020;
12(15):15784-15796

Kanjanaumporn J, Aeumjaturapat S, Snidvongs K, Seresirikachorn
K, Chusakul S. Smell and taste dysfunction in patients with SARS-
CoV-2 infection: a review of epidemiology, pathogenesis, prog-
nosis, and treatment options. Asian Pac J Allergy Immunol 2020;
38(02):69-77

Costela-Ruiz V], Illescas-Montes R, Puerta-Puerta JM, Ruiz C,
Melguizo-Rodriguez L. SARS-CoV-2 infection: the role of cyto-
kines in COVID-19 disease. Cytokine Growth Factor Rev 2020;
54:62-75

Neri M, Cantatore S, Pomara C, et al. Immunohistochemical
expression of proinflammatory cytokines IL-1f, IL-6, TNF-a and
involvement of COX-2, quantitatively confirmed by Western blot
analysis, in Wernicke’s encephalopathy. Pathol Res Pract 2011;
207(10):652-658

Mazur-Bialy Al, Poche¢ E Vitamin B2 deficiency enhances the pro-
inflammatory activity of adipocyte, consequences for insulin
resistance and metabolic syndrome development. Life Sci 2017;
178:9-16

Lipszyc PS, Cremaschi GA, Zorrilla-Zubilete M, et al. Niacin
Modulates Pro-inflammatory Cytokine Secretion. A Potential
Mechanism Involved in its Anti-atherosclerotic Effect. Open
Cardiovasc Med ] 2013;7:90-98

Anand K, Palm GJ, Mesters JR, Siddell SG, Ziebuhr ], Hilgenfeld R.
Structure of coronavirus main proteinase reveals combination of
a chymotrypsin fold with an extra a-helical domain. EMBO ] 2002;
21(13):3213-3224

Bai P, Canté C, Oudart H, et al. PARP-1 inhibition increases
mitochondrial metabolism through SIRT1 activation. Cell Metab
2011;13(04):461-468

Heer C, Sanderson D, Voth L, et al. Coronavirus infection and PARP
expression dysregulate the NAD Metabolome: an actionable
component of innate immunity. bioRxiv Prepr Serv Biol 2020.
Doi: 10.1101/2020.04.17.047480

Shi'Y, Wang Y, Shao C, et al. COVID-19 infection: the perspectives
on immune responses. Cell Death Differ 2020;27(05):1451-1454
Desbarats J. Pyridoxal 5’ -phosphate to mitigate immune dysre-
gulation and coagulopathy in COVID-19. 2020;2(May):1-17. Doi:
10.20944/preprints202005.0144.v1

Merigliano C, Mascolo E, Burla R, Saggio I, Verni F The relationship
between vitamin B6, diabetes and cancer. Front Genet 2018;9:388
Serseg T, Benarous K, Yousfi M. Hispidin and lepidine E: two
natural compounds and folic acid as potential inhibitors of 2019-
novel coronavirus main protease (2019-nCoVMpro), molecular
docking and SAR study. Curr Comput Aided Drug Des 2021;17
(03):469-479

Wiltshire E, Pefia AS, MacKenzie K, Shaw G, Couper ]. High dose
folic acid is a potential treatment for pulmonary hypertension,
including when associated with COVID-19 pneumonia. Med
Hypotheses 2020;143:110142

Chalupsky K, Krac¢un D, Kanchev I, Bertram K, Gérlach A. Folic acid
promotes recycling of tetrahydrobiopterin and protects against
hypoxia-induced pulmonary hypertension by recoupling endo-
thelial nitric oxide synthase. Antioxid Redox Signal 2015;23(14):
1076-1091

Sabry W, Elemary M, Burnouf T, Seghatchian ], Goubran H.
Vitamin B12 deficiency and metabolism-mediated thrombotic
microangiopathy (MM-TMA). Transfus Apheresis Sci 2020;59
(01):102717

32 Jeane dos Santos LM. Can vitamin B12 be an adjuvant to COVID-19

33

treatment? GSC Biol Pharm Sci 2020. Doi: 10.30574/gscbps.
2020.11.3.0155

Webb AL, Villamor E. Update: effects of antioxidant and non-
antioxidant vitamin supplementation on immune function. Nutr
Rev 2007;65(05):181-217

No. 4/2023 © 2023. National Academy of Medical Sciences (India). All rights reserved.

193



194

Current Perspective on Vitamins and COVID-19  Goyal et al.

34

35

36

37

38

39

40

41

42

43

a4

45

46

47

48

49

50

51

52

53

54

Annals of the National Academy of Medical Sciences (India)

Jenne CN, Wong CHY, Zemp FJ, et al. Neutrophils recruited to sites
of infection protect from virus challenge by releasing neutrophil
extracellular traps. Cell Host Microbe 2013;13(02):169-180
Funchal GA, Jaeger N, Czepielewski RS, et al. Respiratory syncytial
virus fusion protein promotes TLR-4-dependent neutrophil ex-
tracellular trap formation by human neutrophils. PLoS One 2015;
10(04):e0124082

Cheng OZ, Palaniyar N. NET balancing: a problem in inflammatory
lung diseases. Front Immunol 2013;4:1

Bozonet SM, Carr AC. The role of physiological vitamin c concen-
trations on key functions of neutrophils isolated from healthy
individuals. Nutrients 2019;11(06):1363

Schonrich G, Raftery M], Samstag Y. Devilishly radical NETwork in
COVID-19: oxidative stress, neutrophil extracellular traps (NETs),
and T cell suppression. Adv Biol Regul 2020;77:100741

Qi MZ, Yao Y, Xie RL, et al. Intravenous Vitamin C attenuates
hemorrhagic shock-related renal injury through the induction of
SIRT1 in rats. Biochem Biophys Res Commun 2018;501(02):
358-364

Richardson DP, Lovegrove JA. Nutritional status of micronutrients
as a possible and modifiable risk factor for COVID-19: a UK
perspective. Br ] Nutr 2021;125(06):678-684

Vyas N, Kurian SJ, Bagchi D, et al. Vitamin D in prevention and
treatment of COVID-19: current perspective and future pros-
pects. ] Am Coll Nutr 2021;40(07):632-645

Zabetakis I, Lordan R, Norton C, Tsoupras A. COVID-19: the
inflammation link and the role of nutrition in potential mitiga-
tion. Nutrients 2020;12(05):1466

Jayawardena R, Sooriyaarachchi P, Chourdakis M, Jeewandara C,
Ranasinghe P. Enhancing immunity in viral infections, with
special emphasis on COVID-19: a review. Diabetes Metab Syndr
2020;14(04):367-382

de Faria Coelho-Ravagnani C, Corgosinho FC, Sanches FFZ, Prado
CMM, Laviano A, Mota JF. Dietary recommendations during the
COVID-19 pandemic. Nutr Rev 2021;79(04):382-393

Arshad MS, Khan U, Sadiq A, et al. Coronavirus disease (COVID-19)
and immunity booster green foods: A mini review. Food Sci Nutr
2020;8(08):3971-3976

Khoramipour K, Basereh A, Hekmatikar AA, Castell L, Ruhee RT,
Suzuki K. Physical activity and nutrition guidelines to help with
the fight against COVID-19. ] Sports Sci 2021;39(01):101-107
Garoéfolo A, Qiao L, Maia-Lemos Pdos SApproach to nutrition in
cancer patients in the context of the coronavirus disease 2019
(COVID-19) pandemic: perspectives. Nutr Cancer 2021;73(08):
1293-1301

Quiles JL, Rivas-Garcia L, Varela-Lopez A, Llopis J, Battino M,
Sanchez-Gonzalez C. Do nutrients and other bioactive molecules
from foods have anything to say in the treatment against COVID-
19? Environ Res 2020;191:110053

Panfili FM, Roversi M, D'Argenio P, Rossi P, Cappa M, Fintini D.
Possible role of vitamin D in Covid-19 infection in pediatric
population. ] Endocrinol Invest 2021;44(01):27-35

Richard C, Lemonnier F, Thibault M, Couturier M, Auzepy P.
Vitamin E deficiency and lipoperoxidation during adult respira-
tory distress syndrome. Crit Care Med 1990;18(01):4-9

Stiff A, Trikha P, Mundy-Bosse B, et al. Nitric oxide production by
myeloid-derived suppressor cells plays a role in impairing Fc
receptor-mediated natural killer cell function. Clin Cancer Res
2018;24(08):1891-1904

Hemild H Vitamin E administration may decrease the incidence
of pneumonia in elderly males. Clin Interv Aging 2016;11:
1379-1385

Meydani SN, Leka LS, Fine BC, et al. Vitamin E and respiratory tract
infections in elderly nursing home residents: a randomized
controlled trial. JAMA 2004;292(07):828-836

Tantcheva LP, Stoeva ES, Galabov AS, Braykova AA, Savov VM,
Mileva MM. Effect of vitamin E and vitamin C combination on

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

a

72

73

74

75

experimental influenza virus infection. Methods Find Exp Clin
Pharmacol 2003;25(04):259-264

Trevisan C, Miconi L, Barbierato E, et al. Labile PT-INR in a Covid-
19 patient under long-term vitamin K antagonist therapy: a case
report. SN Compr Clin Med 2020;2(09):1680-1682

Goddek S. Vitamin D3 and K2 and their potential contribution to
reducing the COVID-19 mortality rate. Int ] Infect Dis 2020;
99:286-290

Dofferhoff ASM, Piscaer I, Schurgers L], et al. Reduced vitamin K
status as a potentially modifiable risk factor of severe COVID-19.
Clin Infect Dis 2021;73(11):e4039-e4046

Anastasi E, lalongo C, Labriola R, Ferraguti G, Lucarelli M, Angeloni
A. Vitamin K deficiency and covid-19. Scand ] Clin Lab Invest
2020;80(07):525-527

Gombart AF, Pierre A, Maggini S. A review of micronutrients and
the immune system-working in harmony to reduce the risk of
infection. Nutrients 2020;12(01):236

Yuan S, Chu H, Chan JFW, et al. SREBP-dependent lipidomic
reprogramming as a broad-spectrum antiviral target. Nat Com-
mun 2019;10(01):120

Jee ], Hoet AE, Azevedo MP, et al. Effects of dietary vitamin A
content on antibody responses of feedlot calves inoculated intra-
muscularly with an inactivated bovine coronavirus vaccine. Am ]
Vet Res 2013;74(10):1353-1362

Bertrand Y, Pincemail ], Hanique G, et al. Differences in tocopher-
ol-lipid ratios in ARDS and non-ARDS patients. Intensive Care
Med 1989;15(02):87-93

Gao |, Zhang L, Liu X, et al. Repurposing low-molecular-weight
drugs against the main protease of severe acute respiratory
syndrome coronavirus 2. J Phys Chem Lett 2020;11(17):
7267-7272

Zhang L, Lin D, Sun X, et al. Crystal structure of SARS-CoV-2 main
protease provides a basis for design of improved a-ketoamide
inhibitors. Science 2020;368(6489):409-412

Glinsky GV. Tripartite combination of candidate pandemic
mitigation agents: vitamin D, Quercetin, and estradiol manifest
properties of medicinal agents for targeted mitigation of the
COVID-19 pandemic defined by genomics-guided tracing of
SARS-CoV-2 targets in human cells. Biomedicines 2020;8(05):
129

Martineau AR, Jolliffe DA, Hooper RL, et al. Vitamin D supple-
mentation to prevent acute respiratory tract infections: system-
atic review and meta-analysis of individual participant data. BMJ
2017;356:i16583

Singh V. Can vitamins, as epigenetic modifiers, enhance immunity
in COVID-19 patients with non-communicable disease? Curr Nutr
Rep 2020;9(03):202-209

Lonsdale D. Areview of the biochemistry, metabolism and clinical
benefits of thiamin(e) and its derivatives. Evidence-Based Com-
plement Altern Med. 2006 Doi: 10.1093/ecam/nek009

Pinto J, Rivlin R. Riboflavin (Vitamin B2). In: Handbook of Vita-
mins, Fifth Edition. 2013. Doi: 10.1201/b15413-7

Ragan I, Hartson L, Pidcoke H, Bowen R, Goodrich R. Pathogen
reduction of SARS-CoV-2 virus in plasma and whole blood using
riboflavin and UV light. PLoS One 2020;15(05):e0233947
Boergeling Y, Ludwig S. Targeting a metabolic pathway to fight the
flu. FEBS ] 2017;284(02):218-221

Qin C, Zhou L, Hu Z, et al. Dysregulation of immune response in
patients with coronavirus 2019 (COVID-19) in Wuhan, China. Clin
Infect Dis 2020;71(15):762-768

Coates PM, Blackman MR, Cragg GM, Levine M, Moss ], White ]D.
Encyclopedia of Dietary Supplements. 2004. Doi: 10.1201/
b13959

Erdman JW, MacDonald IA, Zeisel SH. Present Knowledge in
Nutrition. Tenth ed.. 2012. Doi: 10.1002/9781119946045

Parra M, Stahl S, Hellmann H. Vitamin Bg and its role in cell
metabolism and physiology. Cells 2018;7(07):84

Vol. 59 No. 4/2023 © 2023. National Academy of Medical Sciences (India). All rights reserved.



Current Perspective on Vitamins and COVID-19 Goyal et al. 195

76 Lyon P, Strippoli V, Fang B, Cimmino L. B vitamins and one-carbon 79 Romain M, Sviri S, Linton DM, Stav [, van Heerden PV. The role of

metabolism: Implications in human health and disease. Nutrients vitamin B12 in the critically ill-a review. Anaesth Intensive Care
2020;12(09):1-24 2016;44(04):447-452

77 Braun E, Sauter D. Furin-mediated protein processing in infec- 80 Fiorino S, Gallo C, Zippi M, et al. Cytokine storm in aged people
tious diseases and cancer. Clin Transl Immunology 2019;8(08): with CoV-2: possible role of vitamins as therapy or preventive
e1073 strategy. Aging Clin Exp Res 2020;32(10):2115-2131

78 Kishimoto K, Kobayashi R, Sano H, et al. Impact of folate therapy 81 Infusino F, Marazzato M, Mancone M, et al. Diet supplementation,
on combined immunodeficiency secondary to hereditary folate probiotics, and nutraceuticals in SARS-CoV-2 infection: a scoping
malabsorption. Clin Immunol 2014;153(01):17-22 review. Nutrients 2020;12(06):1718

Annals of the National Academy of Medical Sciences (India) Vol. 59 No. 4/2023 © 2023. National Academy of Medical Sciences (India). All rights reserved.



