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ABSTRACT

The outbreak of the novel coronavirus has created a threat to humanity as there is
Keywords:
Nutrition, COVID
19, SARS-CoV-2,
Immunomodulation

neither specific treatment to cure the disease nor a vaccine to prevent the spread.
Hence prevention of the disease by other measures is the need of the hour.
Dietary intake of macronutrients and micronutrients that possess antiviral effects
and immunomodulatory effects could be an adjuvant to boost host defense
thereby preventing the disease or improve the prognosis of the disease when
infected. The present manuscript aims to review the published data on the role of
nutrients in immunomodulation for the prevention of COVID 19.
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Introduction
and micronutrients could prevent and cure
The 2019 novel coronavirus (SARS-CoV-2)
epidemic, attacked the world in December
2019 in Wuhan Province in China, and has
been declared a public health emergency with
severe morbidity and mortality by the World
Health Organization, and has spread to major

many diseases and infections. This has been a
yesteryear healing practice all over the world.
This comprehensive review sheds light on the
relationship between nutrition and its role in
the prevention and management of the SARS
Cov 2 infection.

continents in the world transforming into a
pandemic.SARS-CoV-2 is genetically similar
to the SARS-CoV virus that caused

8096

The Immune
Pathogenesis

System

SARS

Cov

2

confirmed cases in more than 25 countries

It is well known that pathogenic invaders like

between 2002–2003.1

SARS-CoV-2 is the

bacteria and viruses are first recognized by the

seventh coronavirus known to cause disease in

immune system of the human body. This

humans;

and

applies to SARS Cov2 also. Once the virus

SARS-CoV-2 can cause severe infections

gains entry into the human system, it binds to

whereas HKU1, NL63, OC43, and 229E cause

cell

only mild symptoms.2 The wide spectrum of

documented to be the SARS Cov 2 receptor.

SARS-CoV-2 pneumonia could range from

Following this some proteases like furin4 and

mild to critically ill cases requiring ventilation

cathepsin S 5 cleave the S glycoprotein unit of

and critical care. Health authorities all over the

the virus and make the cellular entry of the

world

distancing

virus possible. Following cellular entry, the

measures to prevent the rapid spread of this

virus replicates within the cell using the host

disease as it is known to spread by droplets.

machinery and releases virions which causes

Despite ongoing research in laboratories all

the host cells to undergo a phenomenon called

over the world a successful therapeutic

pyroptosis.6 Consequent to this, numerous

measure in the form of a drug or a preventive

damage-associated molecular patterns are also

vaccine against SARS Cov 2 has not come up.

released such as ATP, nucleic acids, and ASC

It is known that food and its constituent macro

oligomers. These molecules are identified by

SARS-CoV,

have
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suggested

MERS-CoV,

social

surface

Angiotensin
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the neighboring epithelial, endothelial, and

micronutrients is required for a robust immune

immune cells which respond by producing

system to fight infections. A “primed”

huge amounts of pro-inflammatory cytokines

immune system poses greater demand on the

and inflammatory mediators such As IL -1, IL-

body for energy and nourishment during

6, MCP 1 which further cause more of

diseased states. Thus, optimal nutrition for the

immune cell infiltration and more cytokine

best immunological outcomes would be the

production. This mechanism is referred to as a

intake of a balanced diet that would help in

cytokine storm which causes severe damage to

preventing and managing infective invaders.

vital organs mainly the lung leading to

As the popular saying of Hippocrates quotes

pneumonia.7 The cytokine storm also travels to

“Leave your drugs in the chemist's pot if you

other organs leading to multi organ failure that

can heal the patient with food”. The above

causes severe morbidity and mortality. It can

saying is very appropriate in the current

hence be inferred that the immune system

situation where in the world is being

plays a central role in the pathogenesis of

tormented by the deadly viral disease COVID

SARS Cov 2 infection.

19. At present, there is neither a specific
therapeutic strategy nor a specific vaccine for

Nutrition As A Modulator Of The Immune
System In Viral Diseases.
One of the important modulators of the
immune system in states of health and disease
is nutrition or intake of a well-balanced diet.
Food has been an important constituent of all
cultures.

It

has

been

understood

that

malnutrition or impaired intake of nutrients
can cause severe bacterial and viral infections.
Epidemiological observations have ascertained
that infection and malnutrition aggravate each
other. Good nutrition with an ample amount of
not

only

IJRPB 8 (5)

macronutrients

but

also

prevention. It is a well-known fact is that
adequate nutrition can boost the host immune
response. Nutrition plays a vital role in the
immunomodulation of viral diseases. Also, the
prognosis of viral diseases is influenced by the
nutritional status of the affected individual.8
Studies have shown rotaviral infection and
ARI

is more severe

malnutrition

in

in

comparison

nourished children.

9–11

reported

clinical

reduced

children
with

with
well-

Al-Nakib et al have
symptoms

in

volunteers who had Zinc supplements before
exposure to Rhinovirus.12 Studies have shown
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that Vitamin A-deficient children have been
affected by severe measles.
plays

a

vital

role

in

13

Thus, nutrition

prevention

and

improvement in the prognosis of

viral

infections through immunomodulation. In the
same manner, nutrition could modulate the
susceptibility to COVID 19 infection as the
disease is viral in origin.

Sudan. 15

The following

sections will describe in detail a few
micronutrients and probable mechanisms to
prevent COVID 19. A Schematic diagram
representing the preventive and beneficial role
of nutrients in the pathogenesis of SARS Cov 2 infection has been represented in Figure 1.

Vitamin C is synthesized in most mammals
except guinea pigs. This vitamin plays a major
role in normal homeostasis. Vitamin C is a
potent antioxidant. Therefore, it could play a
role in conditions when oxidative stress is
increased. Infections lead to the activation of
phagocytes, which release reactive oxygen
species (ROS) and free radicals. These play a
role in pathogen destruction to ward of the
infection as a nonspecific or innate response.16
But the generation of oxidative radicals to
mediate pathogen destruction has destructive
effects on the host cells also.17

Vitamin C

Role Of Vitamin C In The Prevention And
Management of COVID 19

hence plays a major role as an antioxidant

Vitamin C also denoted chemically as ascorbic

bacterial and viral infections. Phagocytes such

acid is one of the important water-soluble

as neutrophils and monocytes harbor a specific

vitamins. This vitamin was discovered in the

transport system by which the oxidized form

early twentieth century. It was Alfred Hess

of vitamin C (dehydroascorbic acid) is

who wrote a commentary consequent to a

imported into the cell where it is converted

scurvy epidemic. He documented that lobar

into the reduced form of vitamin C.18 Vitamin

pneumonia of the lungs could be cured by

C has also got profound effects on the immune

administration of an antiscorbutic compound

system. Vitamin C levels are exponentially

which is nothing but vitamin C.

14

preventing host cellular damage in ongoing

Another

higher in the white blood cells compared to

observation by Casimir Funk in Sudan found

plasma showing that Vitamin C could be the

that the administration of vitamin C could cure

predominant antioxidant protecting the cells of

a scurvy epidemic in the African country

the immune system from oxidative damage.19
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Other immune effects of Vitamin C include

cytoprotective protein expression. Ascorbic

inhibition of viral replication, increasing the

acid is an important compound of the

maturity of T lymphocytes, and the production

antioxidant system in cells and tissues.28 It is

of interferon.

20

The effects of Vitamin C in

now understood that viral infections result in

promoting collagen hydroxylation thereby

increased production of cytokines and free

maintaining connective tissue integrity is well

radicals. Hence a large dose of antioxidants

known.

21

Vitamin C is known to mediate the

like Vitamin C can be given taking into

production of enzymes such as dopamine and

account that no specific drugs or vaccines are

carnitine which are neuroendocrine peptides.22

available to manage the pandemic. This is

Experimentally induced vitamin C deficiency

further supported by positive findings that a

has hence found to cause depression and

large dose of IV Vitamin C has shown

tiredness. Vitamin C has been found to cause

successful clinical improvement and resolution

mood elevation in hospitalized patients. 23,24

in viral ARDS and influenza. 29

A large dose of IV ascorbic acid could help in

It can hence be inferred that Vitamin C could

treating SARS Cov 2 disease.

25

It is believed

be used for managing viral infections as an

that ARDS is the main cause of COVID 19

adjuvant taking into account its antioxidant

morbidity and mortality. A study demonstrated

and neuroendocrine effects. Concerning the

that out of 99 Covid19 patients, 17 suffered

SARS Cov 2, there is definite evidence to

from ARDS complications and 11 patients

support the use of Vitamin C as an adjuvant.

died.
rapid

26

Like influenza, coronaviruses cause
lung

destruction

by

stimulating

In fact, in Shanghai, several hospitals have
resorted

to

administering

high

dose

excessive cytokine production referred to as a

intravenous Vitamin C to patients as above

cytokine storm that further interacts with the

mentioned. Hence it can be concluded that

endothelial cells to stimulate oxidative stress

Vitamin C could be used both for prevention

and pulmonary damage.27 The transcription

and non-specific management of COVID 19.

factor nuclear factor-erythroid-2–related factor
2 (Nrf2) is an important regulator of
antioxidant response element (ARE) driven

IJRPB 8 (5)

www.ijrpb.com
Nutrition and Immune Response to COVID19

Page 5

Vol 8, Issue 5, September -October 2020

DOI: https://doi.org/10.31426/ijrpb.2020.8.5.8511

Indian Journal of Research in Pharmacy and Biotechnology (IJRPB)
www.ijrpb.com
ISSN: 2321-5674 (Print), 2320-3471 (Online)
CrossRef DOI: https://doi.org/10.31426/ijrpb Indexed in CAS and CABI, Impact Factor: 0.64
Role of Zinc in the Prevention and
Management of COVID 19

concentration of zinc ranges between 10s to

Zinc is an essential mineral required for the

maintained at picomolar to nanomolar range

effective functioning of the body’s defense

by buffering actions of metallothioneins which

mechanism, mitosis, growth, wound healing,

are zinc-binding proteins.

and carbohydrate metabolism. As the name

availability of zinc ion would play a

suggests,

zinc-finger

significant role in determining the efficacy of

for

gene

specific antiviral activity of zinc.38 Studies

transcription require Zinc as an essential

have reported the antiviral effects of zinc on

constituent. About two thousand enzymes that

respiratory viruses. In vitro studies have

are hydrolases, transferases, oxidoreductases,

demonstrated that zinc ionophore pyrrolidine

ligases, lyases, and isomerases require Zinc as

dithiocarbamate significantly inhibits RNA-

approximately

transcription

a catalyst.

factors

30,31

750

required

Free and bound zinc are 2

100s of μM, and free zinc concentrations are

Thus, the

dependent RNA polymerase(RdRp) thereby

compartments in which this metal exists in the

inhibiting

human body. Free zinc levels are very low

influenza(PR/8/34).

while a predominant amount of zinc remains

studies

32

36,37

the

have

replication
39,40

of

Interestingly, in vitro

demonstrated

the

antiviral

bound to proteins and enzymes. The free and

activity of Zinc against the SARS coronavirus.

bound state of Zinc levels in the body is

The study reported that Zinc was found to

regulated by human proteins that prevent

inhibit severe acute respiratory syndrome

toxicity during excessive consumption of Zinc

(SARS) coronavirus RdRp template binding

and deficiency during reduced dietary intake.

and elongation in Vero-E6 cells.

However

Zinc

of HEp-2 cells with Zinc salts was shown to

homeostasis, may result in copper deficiency

inhibit the respiratory syncytial virus even

33

after the removal of zinc before exposure with

Several in-vitro studies have demonstrated the

the virus.42 Zinc, not only exerts antiviral

antiviral activity of Zinc. However, the

activity but also plays a major role in innate

concentrations of Zinc used for assessment of

and adaptive immune signaling pathways.

antiviral activity was higher than physiological

Thus zinc could prevent SARS Cov 2

jeopardized

state of

induced by increased consumption of zinc.

concentrations.

IJRPB 8 (5)

34,35

The

intracellular

thorough

antiviral
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modulation.

proliferation.

47

Studies have demonstrated

decreased levels of serum IL2 and IL6 in
The only limitation with zinc is in determining
the clinical dose that may be required to
prevent and cure SARS Cov 2. If a proper
extrapolation of the in vitro scenario is
extended to the clinical setting zinc could be
exploited as a drug for its antiviral properties
in the coronavirus crisis

children with iron deficiency.

48,49

Thus, it is

shown that iron is essential for the normal
functioning of the immune system. On the
contrary, Weinberg has reported that iron
withholding could be a probable mechanism
for defense against viral infections.50 Hence
the exact role of iron in viral infections

Role of Iron in the Prevention and
Management of COVID 19

remains unclear and the protective role of iron

Iron is one of the most important trace

definitive conclusions.

elements required for various functions of the
body. It is a well-known fact that iron is a part
of hemoglobin and is essential for oxygen
transport.

Iron

is

required

for

certain

in COVID 19 has to be explored further for

Role of Antioxidants in the Prevention and
Management of COVID 19
Free radicals and antioxidants play a major

metalloproteins and certain enzymes required

role

for the immune system. Immune cells require

pathways of the body including the immune

iron for cytochromes a,b,c, and activation of

system. The balance between free radicals and

catalase for their metabolism.

43

in

influencing

several

regulatory

Studies have

antioxidant systems is essential for cell

demonstrated that iron deficiency causes

membrane integrity, signal transduction, gene

decreased thymocyte proliferation and thymic

expression, cellular proteins, of immune cells.

atrophy in mice.

44

Decreased lymphocyte

Moreover, the immune cells are very sensitive

count has also been demonstrated in iron

to free radicals and oxidative stress due to the

deficiency

anemia.

45,46

The

proposed

high content of polyunsaturated fatty acids in

mechanism for decreased lymphocyte count is

the plasma membrane in these cells.

that iron deficiency causes a reduction in

radicals cause lipid peroxidation of PUFA and

translocation and activation of protein kinase

phospholipids that leads to formation of

C

various aldehydes and lipoperoxides thereby

that

IJRPB 8 (5)

causes

impaired

lymphocyte

www.ijrpb.com
Nutrition and Immune Response to COVID19

Free

Page 7

Vol 8, Issue 5, September -October 2020

DOI: https://doi.org/10.31426/ijrpb.2020.8.5.8511

Indian Journal of Research in Pharmacy and Biotechnology (IJRPB)
www.ijrpb.com
ISSN: 2321-5674 (Print), 2320-3471 (Online)
CrossRef DOI: https://doi.org/10.31426/ijrpb Indexed in CAS and CABI, Impact Factor: 0.64
leading to plasma membrane damage of

Role of Amino Acids in the Prevention of

immune

COVID 19

cells.

This

in-turn

results

in

dysregulation of gene expression, membrane
related signaling which are the critical
function

of

immune

cells.

51–53

Thus,

antioxidants such as Vitamin C, Vitamin E,
beta carotene, Zinc, Selenium could aid to
combat oxidative stress, thereby regulate the
immune response and prevent diseases.54
Oxidative stress has been implicated in several
viral infections although the exact mechanism
remains unclear. Semba et al

55

have reported

increased mortality rates of vitamin A
deficient children suffering with pneumonia.
Similarly Beck et al 56 have reported increased
virulence of Cocksakie virus B3 in Vitamin E
deficiency. In-vitro studies have demonstrated

Amino acids are molecules that combine to
form proteins and hence are considered as the
building blocks of life. Aminoacids have
several functions including regulation of
immune response. They are essential for the
synthesis of proteins such as antibodies,
cytokines that regulate metabolic pathways of
the immune response to pathogens, cellular
redox state, gene expression, the proliferation
of lymphocytes, activation of T lymphocytes,
B lymphocytes, macrophages.

antioxidants could play a major role in
preventing viral infections. In COVID 19,
based on the clinical features it has been
postulated that the respiratory disorder caused
is an outcome of inflammation and oxidative
stress.

57

Hence antioxidants could play a

significant role in prevention and improve the
prognosis

of

immunomodulation.

COVID

19

through

immune response, arginine, glutamine, and
cysteine possess well defined specific roles.59–
64

Also, branched-chain amino acids play an

important role in the regulation of immune
response as they are needed for lymphocyte
proliferation, regulation of protein synthesis,
activation of cytokines, and production of
antibodies.

65

Thus, a deficiency of amino

acids could exert a negative impact on the
immune system. Furthermore, there is an
increased protein and amino acid requirement
during acute and chronic infections due to the
negative

nitrogen

hypermetabolism

IJRPB 8 (5)

Although all

the amino acids directly or indirectly influence

increased replication of HIV through NF
kappa B when subjected to free radicals. Thus,

58
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infections.

66

It has been hypothesized that

dietary glutamine supplementation could meet

References
1.

the host’s increased metabolic demand for
glutamine for the functioning of immune cells,

2.

cells of the gastrointestinal tract, and synthesis
of glutathione, which could thereby prevent
muscle wasting in HIV.

67

Thus, dietary

supplementation of amino acids could enhance

3.

host immune response and aid in prevention of
COVID19. However further studies in this
regard is warranted for conclusive results.

4.

Conclusion and Future Directions
The available scientific evidence suggests the
role of nutrients such as vitamin C, zinc, iron,
antioxidants,

amino

acids

5.

in

immunomodulation. Since there is no specific
treatment for the novel coronavirus, dietary
supplementation with adequate micronutrients

6.

and macronutrients could not only aid in
preventing the disease but also could be an
adjuvant in improving the prognosis of the

7.

affected individuals. However, further specific
studies in this regard have to be conducted to
assess the specific role of these nutrients in

8.

modulating the immune response to COVID
19.

IJRPB 8 (5)

WHO | Summary of probable SARS cases
with onset of illness from 1 November
2002 to 31 July 2003. WHO. 2015.
Corman VM, Muth D, Niemeyer D,
Drosten C. Hosts and Sources of Endemic
Human Coronaviruses. Adv Virus Res.
2018;100:163-188.
doi:10.1016/bs.aivir.2018.01.001
Li W, Moore MJ, Vasllieva N, et al.
Angiotensin-converting enzyme 2 is a
functional receptor for the SARS
coronavirus. Nature. 2003;426(6965):450454. doi:10.1038/nature02145
Millet JK, Whittaker GR. Host cell
proteases:
Critical
determinants
of
coronavirus tropism and pathogenesis.
Virus
Res.
2015;202:120-134.
doi:10.1016/j.virusres.2014.11.021
Huang IC, Bosch BJ, Li F, et al. SARS
coronavirus, but not human coronavirus
NL63, utilizes cathepsin L to infect ACE2expressing
cells.
J
Biol
Chem.
2006;281(6):3198-3203.
doi:10.1074/jbc.M508381200
Yang M. Cell Pyroptosis, a Potential
Pathogenic Mechanism of 2019-nCoV
Infection. SSRN Electron J. January 2020.
doi:10.2139/ssrn.3527420
Huang KJ, Su IJ, Theron M, et al. An
interferon-γ-related cytokine storm in
SARS
patients.
J
Med
Virol.
2005;75(2):185-194.
doi:10.1002/jmv.20255
Scrimshaw NS, Taylor CE, Gordon JE,
Organization WH. Interactions of nutrition
and infection / Nevin S. Scrimshaw, Carl E.
Taylor, John E. Gordon ; prepared in
consultation with seventeen specialists in
various countries. 1968:329 p.

www.ijrpb.com
Nutrition and Immune Response to COVID19

Page 9

Vol 8, Issue 5, September -October 2020

DOI: https://doi.org/10.31426/ijrpb.2020.8.5.8511

Indian Journal of Research in Pharmacy and Biotechnology (IJRPB)
www.ijrpb.com
ISSN: 2321-5674 (Print), 2320-3471 (Online)
CrossRef DOI: https://doi.org/10.31426/ijrpb Indexed in CAS and CABI, Impact Factor: 0.64
9.

10.

11.

12.

13.

14.

15.

Brown KH, Gilman RH, Gaffar A, et al.
Infections associated with severe proteincalorie malnutrition in hospitalized infants
and children. Nutr Res. 1981;1(1):33-46.
doi:10.1016/S0271-5317(81)80006-1
Dagan R, Bar-David Y, Sarov B, et al.
Rotavirus diarrhea in jewish and bedouin
children in the negev region of Israel:
Epidemiology, clinical aspects and possible
role of malnutrition in severity of illness.
Pediatr Infect Dis J. 1990;9(5):314-321.
doi:10.1097/00006454-199005000-00003
Gwatkin DR. How many die? A set of
demographic estimates of the annual
number of infant and child deaths in the
world.
Am
J
Public
Health.
1980;70(12):1286-1289.
doi:10.2105/AJPH.70.12.1286
Al-nakib W, Higgins PG, Barrow I,
Batstone G, Tyrrell DAJ. Prophylaxis and
treatment of rhinovirus colds with zinc
gluconate
lozenges.
J
Antimicrob
Chemother.
1987;20(6):893-901.
doi:10.1093/jac/20.6.893
Axton JH. Measles and the state of
nutrition. S Afr Med J. 1979;55(4):125126.
Alfred Fabian Hess. Scurvy: Past and
Present. (Alfred Fabian Hess, ed.).
Piladelphia, USA: Lippincott; 1920.
https://www.gutenberg.org/files/40505/405
05-h/40505-h.htm. Accessed September 13,
2020.
Robertson EC. The Vitamins and
Resistance
to
infection.
Medicine
(Baltimore).
1934;13(2):190-206.
https://journals.lww.com/mdjournal/Fulltext/1934/05000/THE_VITAMI
NS_AND_RESISTANCE_TO_INFECTIO
N.1.aspx.

IJRPB 8 (5)

16.

17.

18.

19.

20.

21.

22.

23.

24.

Segal AW. How neutrophils kill microbes.
Annu Rev Immunol. 2005;23:197-223.
doi:10.1146/annurev.immunol.23.021704.1
15653
Akaike T. Role of free radicals in viral
pathogenesis and mutation. Rev Med Virol.
2001;11(2):87-101. doi:10.1002/rmv.303
Wang Y, Russo TA, Kwon O, Chanock S,
Rumsey SC, Levine M. Ascorbate
recycling in human neutrophils: Induction
by bacteria. Proc Natl Acad Sci U S A.
1997;94(25):13816-13819.
doi:10.1073/pnas.94.25.13816
Beisel WR. Single nutrients and immunity.
Am J Clin Nutr. 1982;35(2 SUPPL.):417468. doi:10.1093/ajcn/35.2.417
Webb AL, Villamor E. Update: Effects of
Antioxidant and Non-Antioxidant Vitamin
Supplementation on Immune Function.
Nutr
Rev.
2007;65(5):181-217.
doi:10.1111/j.1753-4887.2007.tb00298.x
Englard S, Seifter S. The biochemical
functions of ascorbic acid. Annu Rev Nutr.
1986;6:365-406.
doi:10.1146/annurev.nu.06.070186.002053
Rice ME. Ascorbate regulation and its
neuroprotective role in the brain. Trends
Neurosci.
2000;23(5):209-216.
doi:10.1016/s0166-2236(99)01543-x
Kinsman RA, Hood J. Some behavioral
effects of ascorbic acid deficiency. Am J
Clin
Nutr.
1971;24(4):455-464.
doi:10.1093/ajcn/24.4.455
Zhang M, Robitaille L, Eintracht S, Hoffer
LJ. Vitamin C provision improves mood in
acutely hospitalized patients. Nutrition.
2011;27(5):530-533.
doi:10.1016/j.nut.2010.05.016

www.ijrpb.com
Nutrition and Immune Response to COVID19

Page 10

Vol 8, Issue 5, September -October 2020

DOI: https://doi.org/10.31426/ijrpb.2020.8.5.8511

Indian Journal of Research in Pharmacy and Biotechnology (IJRPB)
www.ijrpb.com
ISSN: 2321-5674 (Print), 2320-3471 (Online)
CrossRef DOI: https://doi.org/10.31426/ijrpb Indexed in CAS and CABI, Impact Factor: 0.64
25.

26.

27.

28.

29.

30.

31.

Richard Z Cheng, Hanping Shi, Atsuo
Yanagisawa, Thomas Levy, Andrew Saul.
Early Large Dose Intravenous Vitamin C is
the Treatment of Choice for 2019-nCov
Pneumonia. Orthomolecular.org. 2020.
http://orthomolecular.org/resources/omns/v
16n11.shtml. Accessed September 15,
2020.
Chen N, Zhou M, Dong X, et al.
Epidemiological and clinical characteristics
of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a descriptive
study.
Lancet
(London,
England).
2020;395(10223):507-513.
doi:10.1016/S0140-6736(20)30211-7
Fowler Iii AA, Kim C, Lepler L, et al.
Intravenous vitamin C as adjunctive
therapy for enterovirus/rhinovirus induced
acute respiratory distress syndrome. World
J Crit care Med. 2017;6(1):85-90.
doi:10.5492/wjccm.v6.i1.85
Liu Q, Gao Y, Ci X. Role of Nrf2 and Its
Activators in Respiratory Diseases. Oxid
Med Cell Longev. 2019;2019:7090534.
doi:10.1155/2019/7090534
Nabzdyk CS, Bittner EA. Vitamin C in the
critically ill - indications and controversies.
World J Crit care Med. 2018;7(5):52-61.
doi:10.5492/wjccm.v7.i5.52
Andreini C, Bertini I. A bioinformatics
view of zinc enzymes. J Inorg Biochem.
2012;111:150-156.
doi:10.1016/j.jinorgbio.2011.11.020
Overbeck S, Rink L, Haase H. Modulating
the immune response by oral zinc
supplementation: a single approach for
multiple diseases. Arch Immunol Ther Exp
(Warsz).
2008;56(1):15-30.
doi:10.1007/s00005-008-0003-8

IJRPB 8 (5)

32.

33.

34.

35.

36.

37.

38.

Kambe T, Tsuji T, Hashimoto A, Itsumura
N. The Physiological, Biochemical, and
Molecular Roles of Zinc Transporters in
Zinc
Homeostasis and Metabolism.
Physiol
Rev.
2015;95(3):749-784.
doi:10.1152/physrev.00035.2014
Duncan A, Yacoubian C, Watson N,
Morrison I. The risk of copper deficiency in
patients prescribed zinc supplements. J Clin
Pathol.
2015;68(9):723-725.
doi:10.1136/jclinpath-2014-202837
Rükgauer M, Klein J, Kruse-Jarres JD.
Reference values for the trace elements
copper, manganese, selenium, and zinc in
the serum/plasma of children, adolescents,
and adults. J trace Elem Med Biol organ
Soc Miner Trace Elem. 1997;11(2):92-98.
doi:10.1016/S0946-672X(97)80032-6
Kümel G, Schrader S, Zentgraf H, Daus H,
Brendel M. The mechanism of the
antiherpetic activity of zinc sulphate. J Gen
Virol. 1990;71 ( Pt 12:2989-2997.
doi:10.1099/0022-1317-71-12-2989
Krezel A, Maret W. Zinc-buffering
capacity of a eukaryotic cell at
physiological pZn. J Biol Inorg Chem
JBIC a Publ Soc Biol Inorg Chem.
2006;11(8):1049-1062.
doi:10.1007/s00775-006-0150-5
Colvin RA, Bush AI, Volitakis I, et al.
Insights into Zn2+ homeostasis in neurons
from experimental and modeling studies.
Am
J
Physiol
Cell
Physiol.
2008;294(3):C726-42.
doi:10.1152/ajpcell.00541.2007
Eby GA. Zinc ion availability--the
determinant of efficacy in zinc lozenge
treatment of common colds. J Antimicrob
Chemother.
1997;40(4):483-493.
doi:10.1093/oxfordjournals.jac.a020864

www.ijrpb.com
Nutrition and Immune Response to COVID19

Page 11

Vol 8, Issue 5, September -October 2020

DOI: https://doi.org/10.31426/ijrpb.2020.8.5.8511

Indian Journal of Research in Pharmacy and Biotechnology (IJRPB)
www.ijrpb.com
ISSN: 2321-5674 (Print), 2320-3471 (Online)
CrossRef DOI: https://doi.org/10.31426/ijrpb Indexed in CAS and CABI, Impact Factor: 0.64
39.

40.

41.

42.

43.

44.

Uchide N, Ohyama K, Bessho T, Yuan B,
Yamakawa T. Effect of antioxidants on
apoptosis induced by influenza virus
infection: inhibition
of viral gene
replication
and
transcription
with
pyrrolidine dithiocarbamate. Antiviral Res.
2002;56(3):207-217.
doi:10.1016/s01663542(02)00109-2
Oxford JS, Perrin DD. Inhibition of the
particle-associated RNA-dependent RNA
polymerase activity of influenza viruses by
chelating
agents.
J
Gen
Virol.
1974;23(1):59-71. doi:10.1099/0022-131723-1-59
te Velthuis AJW, van den Worm SHE,
Sims AC, Baric RS, Snijder EJ, van Hemert
MJ. Zn(2+) inhibits coronavirus and
arterivirus RNA polymerase activity in
vitro and
zinc ionophores block the
replication of these viruses in cell culture.
PLoS
Pathog.
2010;6(11):e1001176.
doi:10.1371/journal.ppat.1001176
Suara RO, Crowe JEJ. Effect of zinc salts
on respiratory syncytial virus replication.
Antimicrob
Agents
Chemother.
2004;48(3):783-790.
doi:10.1128/aac.48.3.783-790.2004
Muñoz C, Rios E, Olivos J, Brunser O,
Olivares
M.
Iron,
copper
and
immunocompetence. Br J Nutr. 2007;98
Suppl
1:S24-8.
doi:10.1017/S0007114507833046
Kuvibidila SR, Porretta C, Surendra Baliga
B, Leiva LE. Reduced thymocyte
proliferation but not increased apoptosis as
a possible cause of thymus atrophy in irondeficient mice. Br J Nutr. 2001;86(2):157162. doi:10.1079/bjn2001366

IJRPB 8 (5)

45.

46.

47.

48.

49.

50.

51.

52.

Santos PC, Falcão RP. Decreased
lymphocyte subsets and K-cell activity in
iron deficiency anemia. Acta Haematol.
1990;84(3):118-121.
doi:10.1159/000205047
Kemp JD. The role of iron and iron binding
proteins in lymphocyte physiology and
pathology. J Clin Immunol. 1993;13(2):8192. doi:10.1007/BF00919264
Kuvibidila SR, Kitchens D, Baliga BS. In
vivo and in vitro iron deficiency reduces
protein kinase C activity and translocation
in murine splenic and purified T cells. J
Cell Biochem. 1999;74(3):468-478.
Sipahi T, Akar N, Eğin Y, Cin S. Serum
interleukin-2 and interleukin-6 levels in
iron deficiency anemia. Pediatr Hematol
Oncol.
1998;15(1):69-73.
doi:10.3109/08880019809009510
Ekiz C, Agaoglu L, Karakas Z, Gurel N,
Yalcin I. The effect of iron deficiency
anemia on the function of the immune
system. Hematol J Off J Eur Haematol
Assoc.
2005;5(7):579-583.
doi:10.1038/sj.thj.6200574
Weinberg ED. Iron withholding: a defense
against viral infections. Biometals an Int J
role Met ions Biol
Biochem Med.
1996;9(4):393-399.
doi:10.1007/BF00140609
Meydani SN, Wu D, Santos MS, Hayek
MG. Antioxidants and immune response in
aged persons: overview of present
evidence. Am J Clin Nutr. 1995;62(6
Suppl):1462S-1476S.
doi:10.1093/ajcn/62.6.1462S
Hatam LJ, Kayden HJ. A high-performance
liquid chromatographic method for the
determination of tocopherol in plasma and
cellular elements of the blood. J Lipid Res.
1979;20(5):639-645.

www.ijrpb.com
Nutrition and Immune Response to COVID19

Page 12

Vol 8, Issue 5, September -October 2020

DOI: https://doi.org/10.31426/ijrpb.2020.8.5.8511

Indian Journal of Research in Pharmacy and Biotechnology (IJRPB)
www.ijrpb.com
ISSN: 2321-5674 (Print), 2320-3471 (Online)
CrossRef DOI: https://doi.org/10.31426/ijrpb Indexed in CAS and CABI, Impact Factor: 0.64
53.

54.

55.

56.

57.

58.

59.

60.

Coquette A, Vray B, Vanderpas J. Role of
vitamin E in the protection of the resident
macrophage membrane against oxidative
damage. Arch Int Physiol Biochim.
1986;94(5):S29-34.
Knight JA. Review: Free radicals,
antioxidants, and the immune system. Ann
Clin Lab Sci. 2000;30(2):145-158.
Semba RD. Vitamin A, immunity, and
infection. Clin Infect Dis an Off Publ
Infect Dis Soc Am. 1994;19(3):489-499.
doi:10.1093/clinids/19.3.489
Beck MA. Increased virulence of
coxsackievirus B3 in mice due to vitamin E
or selenium deficiency. J Nutr. 1997;127(5
Suppl):966S-970S.
doi:10.1093/jn/127.5.966S
Zhang R, Wang X, Ni L, et al. COVID-19:
Melatonin as a potential adjuvant treatment.
Life
Sci.
2020;250:117583.
doi:10.1016/j.lfs.2020.117583
Li P, Yin Y-L, Li D, Kim SW, Wu G.
Amino acids and immune function. Br J
Nutr.
2007;98(2):237-252.
doi:10.1017/S000711450769936X
Calder PC. Glutamine and the immune
system. Clin Nutr. 1994;13(1):2-8.
doi:10.1016/0261-5614(94)90003-5
Calder PC, Yaqoob P. Glutamine and the
immune
system.
Amino
Acids.
1999;17(3):227-241.
doi:10.1007/BF01366922

IJRPB 8 (5)

61.

62.

63.
64.

65.

66.

67.

Calder PC, Newsholme P. Glutamine and
the immune system. In: Calder PC, Field
CJ, Gill HS, eds. Nutrition and Immune
Function. Vol 1. CABI; 2002:109-132.
https://eprints.soton.ac.uk/151099/.
Newsholme P. Why is L-glutamine
metabolism important to cells of the
immune system in health,
postinjury,
surgery or infection? J Nutr. 2001;131(9
Suppl):2515S-22S; discussion 2523S-4S.
doi:10.1093/jn/131.9.2515S
Barbul A. Arginine and immune function.
Nutrition. 1990;6(1):53-62.
Evoy D, Lieberman MD, Fahey TJ 3rd,
Daly JM. Immunonutrition: the role of
arginine. Nutrition. 1998;14(7-8):611-617.
doi:10.1016/s0899-9007(98)00005-7
Calder PC. Branched-Chain Amino Acids
and Immunity. J Nutr. 2006;136(1):288S293S. doi:10.1093/jn/136.1.288S
Kurpad A V. The requirements of protein
& amino acid during acute & chronic
infections.
Indian
J
Med
Res.
2006;124(2):129-148.
Shabert JK, Wilmore DW. Glutamine
deficiency as a cause of human
immunodeficiency virus wasting. Med
Hypotheses.
1996;46(3):252-256.
doi:10.1016/s0306-9877(96)90251-0

www.ijrpb.com
Nutrition and Immune Response to COVID19

Page 13

Vol 8, Issue 5, September -October 2020

DOI: https://doi.org/10.31426/ijrpb.2020.8.5.8511

Indian Journal of Research in Pharmacy and Biotechnology (IJRPB)
www.ijrpb.com
ISSN: 2321-5674 (Print), 2320-3471 (Online)
CrossRef DOI: https://doi.org/10.31426/ijrpb Indexed in CAS and CABI, Impact Factor: 0.64

Figure 1. Preventive role of nutrients in the pathogenesis of COVID 19
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