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Abstract
Immune responses in patients with Coronavirus Disease 2019 infection have been dysregulated. Decreased T cells, natural killer cells,
monocytes/macrophages and increased proinflammatory cytokines are observed. Immunological status of the body is greatly affected by
the nutrition. Micronutrients are required for the optimum performance of macronutrients. Vitamin and trace element deficiencies are
generally associated with altered immune responses, which lead to increased susceptibility to infections. Supplementation with
micronutrients generally reverses many impaired immune responses. In this study, close associations between the regulation of immune
processes and some vitamins, trace elements as well as phytochemicals have been pointed out. In addition to a proper diet as well
as a medical therapy, supplementation of vitamins A, B6, B9, B12, C, D, E and zinc, copper, selenium may be beneficial for both
prevention and treatment of viral infections including this new extraordinary coronavirus disease. The investigations on phytochemicals
are also underway. In individuals with a powerful immune system, the recovery from this disease is either without symptoms or with a
mild clinical picture. Therefore, it is plausible to apply natural integrative approaches comprising some vitamins, minerals and
phytochemicals as preventive measures or as supplements in addition to the present medical treatment. This approach will favor the
enhancement of the immune system. Such an integrative treatment reduces morbidity and mortality rates in patients, who have been
contaminated with this virus. Micronutrients, within the scope of immune system, may be conceivable as the expedient to find some
solutions for the prevention and/or treatment of this disease.
Keywords: Covid-19, immune system, micronutrients, trace elements, vitamins.

Öz
Koronavirüs 2019’lu hastalarda immün cevapların düzenlenmesi bozulmaktadır. Azalmış T hücreleri, doğal öldürücü hücreler,
monositler/makrofajlar ve artmış proinflamatuvar sitokinler gözlenmektedir. Vücudun bağışıklık durumu beslenmeden büyük ölçüde
etkilenir. Mikrobesinler, makrobesinlerin optimum performansı için gereklidir. Vitamin ve eser element eksiklikleri sırasında genel olarak
immün cevaplar değişir. Bu da enfeksiyonlara eğilimin artmasına yol açar. Mikrobesin desteği genellikle birçok bozulmuş immün cevabın
geriye çevrilmesini sağlar. Bu çalışmada, immün işleyişin düzenlenmesi ile bazı vitamin, eser element ve fitokimyasallar arasındaki yakın
beraberliklere dikkat çekilmiştir. Uygun bir diyetin yanısıra tıbbı tedaviye ek olarak A, B6, B9, B12, C, D, E vitaminleri ile çinko, bakır,
selenyum destekleri bu yeni sıradışı koronavirüs hastalığını da içine alan viral enfeksiyonların önlenmesi ve tedavisi için yararlı olabilir.
Fitokimyasallar ile ilgili çalışmalar da sürdürülmektedir. Güçlü bir immün sistemi olan hastalarda iyileşme ya semptomsuz ya da hafif bir
klinik tablo beraberliğinde gerçekleşmektedir. Bu nedenle, uygulanmakta olan tıbbi tedaviye ek olarak ya da koruyucu önlem olarak,
vitaminleri, mineralleri ve fitokimyasalları da içine alan doğal bütünleyici yaklaşımların uygulanması kabul edilebilir. Bu yaklaşım immün
sistemin iyileştirilmesine yardımcı olacaktır. Bu tip bir bütünleyici tedavi, bu virüs ile kontamine olmuş hastalarda morbidite ve mortalite
oranlarını önemli ölçüde azaltır. Mikrobesinler, immün sistem kapsamında, bu hastalığın önlenmesi ve/veya tedavisi için bazı çözümler
bulunması konusunda önlem olarak düşünülebilir.
Anahtar Kelimeler: Covid-19, eser elementler, immün sistem, mikrobesinler, vitaminler.

INTRODUCTION
Under

the

light

investigations,

an

experimental
of

clinical

and

laboratory

effective

and

adequate

treatment protocol against COVID-19 has not
been

developed

yet.

Laboratory

and

studies

concerning

the

development of the vaccine are underway.
Nevertheless, due to the fact that this novel virus
undergoes mutation in a continuous manner,
these attempts appear to take a long time to
attain success. In the meantime, individuals with
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a strong immune system recover from this

promote cell-mediated immunity by facilitating

disease without any related signs or symptoms.

macrophage and TC cell responses. TH1-type

However, in individuals with a weakened immune

cytokines produce proinflammatory responses.

system, in the elderly, and in patients with

They

chronic diseases, this disease becomes life-

interleukin-2 (IL-2) and tumor necrosis factor-α

threatening problem. This information confirmed

(TNF-α). TH2 cells promote humoral immunity

that the performance of the immune system is

via stimulating antibody production by B cells.

extremely important during the course of the

TH2-type

disease.

vitamins,

antiinflammatory responses. They include IL-4,

minerals and phytochemicals may be evaluated

IL-5, IL-10, IL-13. The balance between TH1 and

within the scope of natural integrative medical

TH2 responses is critical. These cytokines work

approaches.

harmoniously to keep everyting in balance.

Micronutrients

elements

The
in

use

including

of

these

addition

to

nutritional

the

present

pharmacological therapies constitute a very
important topic.

produce mainly interferon-

cytokines

produce

γ (IFN-γ),

essentially

Regulatory T cells (TREG cells)

mediate

suppression of immune responses 1,6,7.
Micronutrients found in fruits and vegetables can

Micronutrients,

COVID-19

Infection

and

boost immune functions. This may be due to their

Immune System

antioxidative nature as in vitamin E, vitamin C

Immunological status of the human body is

and betacarotene. Antioxidants increase the

greatly affected by the nutrition. Micronutrients

number of T cell subsets, enhance lymphocyte

are required for the optimum performance of

response to mitogen, increase IL-2 production,

macronutrients. Most of them play critical roles

potentiate natural killer (NK) cell activity and

on immune functions. Dietary deficiencies of

increase response to influenza virus vaccine8,9.

some

micronutrients

socioeconomic,

may

be

sociocultural,

caused

by

psychosocial,

dental and some drug-related problems. Vitamin
and trace element deficiencies are generally
associated with altered immune responses,
which

lead

to

increased

susceptibility

to

infections1-5.

Dietary

zinc

and

selenium

are

important

nutritional elements for the immune response to
protect against the development of age-related
diseases. These two physiologically essential
trace elements interact in many biochemical
processes. One of inorganic selenium species,
selenates couple with the reduced-to-oxidized

Cells in the immune system communicate with

glutathione and metallothionein-to-thionein redox

one

pairs to release or bind zinc metal 10,11.

another

by

cytokines

considered

as

hormonal messengers. Cytokines may also be
divided into two main groups in terms of their
relevance to oxidative stress and inflammation:
Proinflammatory and antiinflammatory1,6.
T

lymphocytes

major

immunologic features in severe and moderate
Coronavirus

2019

have

been

cytokines. Two main subsets of T lymphocytes

and TH cells, NK cells, monocytes/macrophages

are CD8+ and CD4+. They are known as

have

cytotoxic

concentrations of proinflammatory cytokines were

helper

sources

Disease

investigated. So far, decreased TREG cells, TC

and

the

19 infection have been dysregulated. Clinical and

of

(TC)

are

The immune responses in patients with COVID-

(TH)

T

cells,

respectively. TC cells kill infected cells. TH1 cells

been reported. Also, the increased

noted12-14.
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Supplementation with micronutrients generally

monocytes/macrophages, T cells, and B cells

reverses many impaired immune responses. In

24.

this study, close associations between the
regulation of immune processes and some
vitamins,

trace

elements

as

well

as

phytochemicals have been pointed out.

Vitamin A deficiency alters integrity of mucosal
epithelium, impairs

innate immunity, affects

neutrophil and eosinophil functions, reduces
number and killing activity of NK cells, impairs

VITAMINS

ability

of

macrophages

to

phagocytose

pathogens, diminishes oxidative burst activity of

Vitamin A
Treating CD4+ Foxp3+ TREG cells with all-trans
retinoic acid (atRA), the active derivative of
vitamin A, may represent a novel treatment
strategy

22-

to

control

immune-mediated

inflammatory diseases. Vitamin A possesses an
antiinflammatory nature. The addition of atRA
inhibits the synthesis of IFN-γ and enhances the

macrophages, increases production of TNF-α,
induces inflammation and potentiates existing
inflammatory conditions, decreases number and
distribution of T cells, alters TH1/TH2 balance,
decreasing TH2 response, exerts adverse effects
on growth and differentiation of B cells, impairs
antibody-mediated immunity 2, 25- 29.

development of CD4+ TH cells. Vitamin A is

The mechanisms by which vitamin A inhibits the

required for CD4+ TH lymphocyte stimulation of

replication of measles virus upregulate elements

B cells to produce an appropriate antibody

of the innate immune response. Therefore,

response to an antigen. Retinoic acid possesses

vitamin A could be a promising agent for the

important

treatment of this novel coronavirus and the

roles

in

lymphocyte

proliferation.

Retinoic acid enhances T-cell-independent

prevention of lung infection 30,31.

production of Ig A antibodies. Vitamin A is known

B complex vitamins

for its protective roles against infections. This

Vitamin B6, vitamin B9 and vitamin B12 are

may be largely due to its ability to enhance Ig A

water-soluble

antibody responses in mucosal tissues

15-21.

transsulfuration

Vitamin A deficiency impairs innate immunity
because of the failure of the epithelial tissue
regeneration.

Cell-mediated

and

humoral

antibody responses are also impaired because
TH1

response as well as the secretion of

proinflammatory cytokines IL-6, IL-12 and TNF-α

immune

system

vitamin

and

keratins,

lymphopoiesis, apoptosis, cytokine expression,
antibody production, and the enhanced functions
of

neutrophils,

NK

cells,

body.

of

virus-infected

patients,

option for the treatment of COVID-19 1,31.

induces inflammation 15-21.

mucins

the

Therefore, B vitamins could be chosen as a basic

Vitamin B6

of

of

the

Supplementation of them will enhance the

suppressed. Therefore, deficiency of this vitamin

promotion

reactions

in

immune response and increase the infection risk.

Vitamin B6

The immune-supporting roles of vitamin A include

participating

Deficiencies of these vitamins may weaken host

are increased, TH2 antiinflammatory response is

the

vitamins

is

metabolism

enhances NK cell activity. This
required

in

the

synthesis

and

of amino acids, building blocks of

cytokines and antibodies, helps to regulate
inflammation,
proliferation,
activity;

is

differentiation,

maintains

Vitamin B6

involved

TH1

in

lymphocyte

maturation,

immune

and

response.

deficiency may cause general
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deficiencies in cell-mediated immunity, lowered

infections. The COVID-19 was reported to cause

antibody

to

lower respiratory tract infection, therefore, this

mitogens, impaired lymphocyte maturation and

vitamin could be effective during the treatment of

growth

responses,

reduced

responses

2, 3,27-29, 32-37.

COVID-19 22,31,43-45.

Vitamin B9

Vitamin D

Folate enhances NK cell cytotoxic activity. It

Aside from regulating calcium and phosphorus

affects TH1-mediated immune response. This

homeostasis as the main function of vitamin D, its

vitamin

effects

is

important

for

sufficient

antibody

on

the

immune

system

are

also

production, metabolism and response. Impaired

noteworthy. Vitamin D may exert effects on the

NK cytotoxicity, depressed T-cell proliferation,

proliferation,

inhibited

immune cells such as dendritic cells (DC),

proliferation of

thymidine

as

Tc

cells, impaired

well as purine synthesis and

immunoglobulin secretion, decreased antibody
response are the abnormalities observed during
folate deficiency 2,3,27,28,32,33,37-40.

differentiation

and

macrophages, T cells and B cells

function

of

46-52.

Vitamin D stimulates response to infection by
increasing macrophage differentiation as well as
phagocytosis and the production of cathelicidine,

Vitamin B12

a potent anti-microbial peptide. It reduces TH1

Vitamin B12 may act as immunomodulator for

cell proliferation and TH1 cytokine response.

cellular immunity. It facilitates

Also, it decreases TH17 differentiation, TH17

production of T

cells, such as cytotoxic T cells; helps to regulate

response,

ratio between TH and TC cells. This vitamin is

inflammation. Proinflammatory cytokines such as

involved in antibody production and metabolism,

TNF-α, IL-1, IL-6, and IL-23 are decreased. This

via folate mechanism. Suppressed NK cell

vitamin supports TH2 response. Antiinflammatory

activity, depressed T-cell proliferation, decreased

IL-10 production is increased. TREG cells are

number

induced 46-52.

of

lymphocytes,

response,

abnormal

observed

during

impaired

TH/TC
vitamin

ratio
B12

antibody
may

be

deficiency

2,27,28,33,36,37,39,41,42.

IL-17

production

and

thus,

The risk of viral infections can be reduced by
vitamin D. The related mechanisms are the
stimulation of antimicrobial peptides (cathelicidins

Vitamin C

and defensins), which decreases the replication

Vitamin C is highly concentrated in leukocytes

of

and used rapidly during infections to prevent the

cytokines, as well as the reduction in

damage caused by oxidative stress. Vitamin C

inflammatory

deficiency impairs leukocyte functions, decreases

inflammation-related

NK cell activity and lymphocyte proliferation1,43.

deficiency is globally prevalent, particularly in the

Vitamin C supplementation appears to support
immune responses in individuals at risk for
COVID‐19 infection. These patients commonly
suffer from lung damage, vitamin C may be
introduced as a preventive agent during this
process. It was reported that vitamin C might

virus

and

increases

antiinflammatory

cytokines,

which

pneumonia.

proinduce

Vitamin

D

elderly. The virus-infected people generally had
insufficient

vitamin

D

levels.

Much

lower

concentrations of vitamin D have been reported
in severe cases. This is the supportive data for
the effective role of vitamin D in decreasing risk
of COVID-19 infection. Therefore, vitamin D may

prevent the susceptibility to lower respiratory tract
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be suggested for the prevention and treatment of

Vitamin E deficiency impairs humoral and cell-

this novel disease 22,31,53.

mediated aspects of adaptive immunity, including

Vitamin D has antifibrotic, antiinflammatory and
immunomodulatory

properties.

The

role

of

vitamin D in reducing the risk of respiratory tract
infections caused by this new coronavirus,
SARS- Cov-2 has been pointed out. This vitamin
protects

respiratory

tract

preserving

tight

junctions, killing enveloped viruses through the
induction of antimicrobial peptides that can
reduce viral replication rate and inhibiting the
production and secretion of proinflammatory
cytokines 9,44,54,55.
Vitamin

D

B and T cell function, reduces T cell maturation
2,27,33.

TRACE ELEMENTS
Zinc
Zinc plays a critical role in the immune system.
Its effects may vary from those on the skin as a
physical barrier to the regulation of gene
expression in lymphocytes. It is an essential
element for normal function and development of
cells

regulating

generation

deficiency

is

associated

of

immunity,

NK

cell

oxidative

bursts,

activity,
cytokine

with

production, complement activity, immune and

inflammation, impairs both natural and adaptive

antioxidative responses, phagocytosis, apoptosis,

immunity and thus increases the risk of infectious

and mental health. Zinc is the main structural

and inflammatory diseases. This vitamin also

component of most transcription factors. An

causes reduction in the number of lymphocytes,

optimal intake of zinc restores the normal

impaired immune capabilities of macrophages

immune response and reduces the risk of

2,37,56,57.

infection 1,54,62- 66.

Vitamin E

Zinc induces TREG cells, supresses

Free radical formation and lipid peroxidation are

inflammatory TH17 and TH9 cell differentiation.

immunosuppressive

Since

processes.

Vitamin

E

pro-

the elderly is more likely to have zinc

possesses protective antioxidant action as well

deficiency and aging is associated with impaired

as

immune

immunostimulatory

effect.

Vitamin

E

functions

increased

promotion of TH2 responses 58-61.

identified as a part of potential solution for the

have

reported

has

of

infections,

studies

supplementation

risk

deficiency leads to suppression of TH1 and

Experimental

zinc

and

been

immunosenescence58,67-70.

immunomodulatory effects of vitamin E. It is

A balanced zinc homeostasis is crucial, because

proposed that vitamin E can enhance T cell-

both

mediated

promoting

impairment of immune functions. Zinc can be

and positively modulating

considered as a gatekeeper of the immune

function

membrane integrity

by

directly

zinc

deficiency

and

excess

the signaling events in T cells while also

system,

protecting T cell function indirectly by reducing

immune cells is zinc-dependent 71.

production of T cell-suppressing factors such as
prostaglandins from macrophages. Vitamin

E

can reverse the age-associated reduction in
activation-induced T cell expansion and IL-2
production in naive T cells 58-61.

cause

since the functions of almost all

Zinc inhibits the replication of various RNA
viruses

such

as

SARS-CoV-2.

When

the

inhibiting action of zinc in the replication of
coronavirus is considered, it is possible that zinc
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may have beneficial effects also on COVID-19

It has been hypothesized that enrichment of

infection 9,31,44,72.

plasma copper levels will boost both the innate

Zinc also plays role in the regulation of appetite.
Zinc deficiency is associated with decreased
appetite. The loss of sense of smell and taste in
COVID-19 patients
deficiency

may

have been reported. Zinc

be

associated

with

and adaptive immunity. Moreover, owing to its
potent antiviral activities, copper may also act as
a preventive and therapeutic regime against
COVID-19 infection 8).

these

In case of copper deficiency, abnormally low

symptoms in such patients. Zinc administration

neutrophil levels and reduced phagocytic ability,

may be used to treat taste disorders44, 73-76.

decreased T-cell proliferation, ineffective immune

Zinc deficiency impairs both innate and cellmediated

immunity.

Impaired

survival,

response to infections, increased viral virulence
may be observed 2,27,28,33,86.

proliferation and maturation of monocytes, NK

Selenium

cells, T and B cells, impaired NK cell activity,

Selenium is the integral part of glutathione

impaired phagocytosis by macrophages and

peroxidases and thioredoxin reductases. This

neutrophils,

production,

physiologically essential trace element has an

contributing to greater oxidative stress and

important role in defensive mechanisms fighting

inflammation, impaired generation of oxidative

against viral infections through its antioxidant

burst, decreased lymphocyte proliferation and

function and its contribution

function, particularly T cells, altered expression of

signaling. Therefore, selenium intake affects

genes related to proliferation, survival, and

many

response of T-cells, decreased production of TH1

emphasize

altered

cytokine

cytokines, imbalance in TH1/TH2 ratio, impaired
antibody response to T cell-dependent antigens
may be observed during zinc deficiency

2,27,28,77-

of
the

immune
effective

redox

responses,
role

supplementation in viral diseases

of

which

selenium

22,81,87.

In an experimental study, it has been shown that
selenium upregulates the expression of Foxp3

80.

mRNA and increases the percentage of TREG
[CD4(+) CD25(+)] cells 88.

Copper
Copper plays a crucial role in immunity, because
it

types

to

participates

in

the

development

and

differentiation of immune cells. In vitro studies
have shown that copper demonstrates antiviral
properties 81-83.

In

case

oxidative
functions,

of

selenium

stress,

deficiency,

suppression

diminished

NK-cell

increased

of

immune

cytotoxicity,

impaired humoral and cell-mediated immunity,
impaired antibody production, increased viral

Copper is capable of killing some infectious

virulence, increased proinflammatory chemokines

viruses such as influenza viruses, poliovirus,

may be detected 2, 27,28,37,89.

human immunodeficiency virus, other enveloped
or nonenveloped, single- or double-stranded
DNA and RNA viruses. This physiologically
essential metal can disrupt the lytic cycle of the
Coccolithovirus, EhV86 by

increasing the

production of reactive oxygen species 84.

In concert with vitamin E, selenium acting as the
integral part of a group of enzymes, work to
prevent oxidative damage to cells and tissues.
Therefore, selenium supplementation could be an
effective choice for the treatment of this novel
virus of COVID-19 infection 31,90.
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Phytochemicals

In individuals with a powerful immune system, the

In the current emergency state, there are some

recovery from this disease is either without

suggestions related to the use of all available

symptoms

therapeutic tools and the potential antiretroviral

Therefore, it is plausible to apply natural

activity of hesperidin as well as rutin as co-

integrative

treatment or as preventive measure in patients

vitamins,

with COVID-19 infection

91.

Green tea and its most abundant and also the
biologically

with

a

approaches
minerals

and

mild

clinical

comprising

picture.

some

phytochemicals

as

supplements in addition to the present medical

Green tea contains high content of catechins.

most

or

active

constituent

epigallocatechin-3-gallate have been reported to
be effective in modulating multiple aspects of

treatment. Besides, it may be suggested that
such an integrative approach will also be useful
in individuals, who have not met with this viral
agent yet. This approach will favor the medical
approach by the enhancement of the immune
system. We foresight that the sustainment of the

innate and adaptive immunity 58,92.

immune system with the help of the above
Garlic

supplementation

significant

mentioned natural elements is going to be a

increases in CD4+ and CD8+ cells. This plant

protective measure for individuals, who have not

also stimulates NK cells. Decreased leptin, leptin

been infected yet and reduce morbidity and

receptor, IL-6 concentrations were also detected.

mortality rates significantly in patients, who have

Garlic

plant.

already been contaminated with this virus. In

Therefore, it may be used to accumulate

addition to a proper diet as well as a medical

93-

therapy, supplementation of vitamins A, B6, B9,

is

a

selenium

causes

accumulator

selenium to be more beneficial for the patients
97.

B12, C, D, E and zinc, copper, selenium may be
beneficial for both prevention and treatment of

Conclusive Remarks
Links

between

system

are

micronutrients
widely

and

investigated,

immune
because

diseases are closely related with nutrition and
immune

system

parameters.

Prior

to

the

emergence of this novel coronavirus infection,
obesity, a low-grade inflammatory disease, was
being considered as the disease of the age.
There

are

investigations

reflecting

the

associations between obesity development and
some immune system elements as well as
micronutrients98,99. At present, all countries try to
find a solution for a very contagious and severe
infectious disease problem. The association
between micronutrients and immune system has
also been recognized as the expedient to find
some

solutions

for

the

treatment of this disease.

prevention

and/or

viral infections including COVID-19.
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