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Summary. Regarding the current situation of the
COVID-19 pandemic, in which there is no optimal cure,
the functionality and efficiency of the immune response
is the key factor in the defense against viral infections.
Several nutrients, especially vitamins and microelements,
are crucial for the immune system to function normally.
Moreover, dietary supplementations of such nutrients
have beneficial impacts on the immune responses to viral
infections. Studies showed that after influenza vaccination,
the supplementation of vitamins A and D boost the humoral
immunity of pediatric patients. In patients with torque teno
virus (TTV), dietary supplementation with high levels of zinc
resulted in improved immunity. Also, high doses of selenium
had positive effects on the immune response after influenza
vaccination. Regarding the COVID-19, it is fundamental to
demonstrate the data on increasing the immune response
to viral infections. The present review paper principally
subjects influenza-like viral infections. Nonetheless, other
viral infections have also been taken into consideration.
Therefore, practical recommendations on using nutrients for
the prevention and therapy of COVID-19 are given.

The aim of the study — to provide a complementary
overview of the recently available scientific literature on the
strategy of using nutraceuticals in boosting the immune
system under the COVID-19 pandemic.

Materials and Methods. The study uses publications
of the world scientific literature on COVID-19 infection, in
particular the causes and mechanisms of its development,
treatment, complications and its consequences as well as
the influence of different nutrients and nutrasuticals on the
course of COVID-19. This review highlights the nutritional
interventions to boost the immune response in the body
during viral infections, especially considering the novel
coronavirus pandemic

Results. Immune system does great work in fighting
foreign cells to protect the body from disease. Of course,
when a global pandemic strikes the whole world, humans will
feel anxious until they conquer it and be healthy. When the
COVID-19 epidemic appeared, all sought to find a vaccine
to counter this virus. Given a vaccine if provided, immune
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Ponb HYTpIi€HTIB y NigBULLIEHH] iIMYHITETY Npu naHaemii
COVID-19

0. M. KpexoBcbKa-/lensaBko, B. A. Tokaw,
C. O. fcTpeMcbKa, H. I. Pera, B. €. lopoaeubKuii

TeHoninbebkull HayioHa/IbHUU MeduYHUl yHisepcumem
imeHi I. 5. Nopbayescbko2o MO3 YkpaiHu

Pestome. AHasizyrouu nepebie naHoemii COVID-19 6e3
HasiBHO20 Ha O0aHul 4Yac ornmuMasibHo20 JliKyBaHHS 0aHo-
20 3axBOproBaHHsl, (ByHKYIOHa/IbHICMb ma eghekmusHiCmb
iMyHHOT 8i0rosioi BBaXKarombCsi OOHUMU 3 K/THOHOBUX (hak-
mopis 3axucmy 8 xo0i 6opombbu 3 0aHo iHekyiero. [e-
AIKI [MOXUBHI pEYOBUHU, 0CO6/1UBO BIMaMiHU ma Mikpoerie-

MeHmu, Marmse BUPIWa/IbHE 3HaYeHHs1 0/11 eghekmusHol

pobomu iMmyHHOI cucmemu. [JOC/iOXeHHs1 rokasasau, Wwo
npulimaHHs sBimamiHig A i D nic/is1 BakyuHayii npomu epury
niosuwWyBaso pigeHb 2yMopasibHo20 iMyHimemy 8 dimedl.
3acmocysaHHs1 dieEmuy4yHUX 006aBOK i3 BUCOKUM BMICMOM
UYUHKY nayieHmamu 3 torque teno virus (Bipyc eenamumy
TTV) cripusisa nocusieHHro imyHimemy. KpiM mo2o, BUCOKiI
003U cesieHy Masiu no3umusHull 8riUB Ha iMyHHY B8iornosiob

Yy nayieHmis nic/1s1 wernaeHHs npomu 2pury. LLjodo iHgbekyil

COVID-19, sika maKkox Mae BIipyCHy emio/io2ito, BaX/uso
PO3yMimu MexaHi3MU MOCU/IEHHS IMyHHO20 3axucmy y B8io-
08I0k Ha BIPYCHI ypaXxeHHs ma po3pobumu npakmuyHi pe-
KoMeHOayii Wooo CroxusaHHsi Pi3HOMaHimHUX simamiHis
ma MiHepanis 07151 npopinakmuku ma siikysaHHss COVID-19.

MeTta gocnigKeHHs — 1posecmu aHasli3 HaykKosol /-
mepamypu wodo cmpameeii BUKOpUCMaHHs HympieHmis

0719 MiOBUWEHHST IMyHHOI cucmeMu B8 yMosax naHoemil

COVID-19.

Marepianu i metoaun. Y 00C/IOXeHHI BUKOpUCMAHO
ny6nikayii csimosoi HayKosoi simepamypu rnpo iHPeKYiro
COVID-19, 30kpema po npu4yuHU ma MexaHiamu ii po3su-
MKy, 7liKyBaHHS1, YCK/IaOHEHHs ma Hac/lioku, & makox rnpo
BMN/IUB PI3HUX HympieHMIis Ha rnepebiz COVID-19. AaHul

02/1510 PO3KpUBAE POJIb XapyyBaHHS y MIOBUWEHHI iMyHHOI

BIONoBIOI opaaHisMy M0 Yac BipyCHUX [HQeKyil, y momy
qucni npu COVID-19, ma mexaHi3mu Brjiusy noXxusHUX pe-
YOBUH Ha MOCU/IEHHST IMYHHO20 3axucmy opaaHi3my.
Pesynbratu. IMyHHa cucmema opaaHismy sidiepae BuU-
3HayYHy po/ib y 60pomb6i 3 iIHhekYilHUMU YUHHUKaMU. Y Bio-
nosiob Ha rnosisy naHoemii COVID-19, yci 3ycu/si/isi c8imosux
Haykosyis 6y/iu Harnpas/ieHi Ha BUHalOeHHs1 BaKYUHU 07151
akmusHoi npomudii ybomy sipycy. Ha cb0200Hi 0Be0EHO,
WO payioHa/lbHe Xap4yBaHHSI MAakoX Crpusie MOCU/IEHHIO
pobomu iMyHHOI cucmemu sik nepedosoi /liHII 3axucmy op-
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systems will need to adapt to the COVID-19-infected body.
Proper nutrition can help in maintaining immune systems
as the frontline of defense. Researchers believe that the
deficiency of a particular nutritional element is implicated in
the impaired immune responses. Nutrition principles based
on using some dietary substances such as trace elements,
vitamins, probiotics, and nutraceuticals may be helpful in the
possible prevention and management of COVID-19. Control
of the COVID-19 outbreak and future epidemics requires
global efforts among clinicians, immunologists, nutritionists,
researchers, veterinarians, and pharmacists. Also, public
health awareness should be increased about the role of
nutrition in eliminating the virus by boosting the immune
system. Finally, better understanding the transmission
dynamics, incubation period, and replications of COVID-19,
along with finding and developing specific vaccines and
therapeutics, will pave the way to end this infection soon.

Conclusions. Despite the fact that the exact
intracellular mechanisms of immunostimulatory action
of nutrients have not been fully studied, there is much
evidence of their beneficial effects on the body's immune
system, as well as their proven antioxidant and anti-
inflammatory activity. Nutrition plays an evidential role in the
prevention and treatment of respiratory infections of varying
severity. Adequate nutrition is even more important for low-
and middle-income countries, where deficiencies in key
vitamins and minerals expose people to greater morbidity
and mortality. Low- and middle-income countries need to
develop a strategy to ensure that the general population
has access to optimal nutrition to strengthen the immune
system, as well as to ensure a balanced diet during the
treatment of patients with COVID-19.

Key words: COVID-19; viral infection; nutrition; supple-
ments; vitamins; microelements.

INTRODUCTION

The article adduces the nutritional interventions to
boost the immune response in the body during viral
infections, especially considering the novel coronavirus
pandemic. Due to their beneficial effects on general
healthcare and disease prophylaxis, nutraceuticals
have been gaining more and more importance lately
[1]. Nutraceutical is composed of two words: nutrient
and pharmaceutical. It has a vital role in maintaining
the healthy body and thus prevents the body from
diseases. Several nutraceuticals have been reported
to have a significant impact on enhancing the immune
system and aid in the treatment and/or protection of
viral infections, particularly influenza-like diseases [1,
2]. In the current COVID-19 pandemic situation and
unavailability of the drugs, these safe alternatives such
as nutraceuticals can provide a significant value against
the combat of COVID-19.

The aim of the study —to provide a complementary
overview of the recently available scientific literature
on the strategy of using nutraceuticals in boosting the
immune system under the COVID-19 pandemic.
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2aHismy. [Joc/niOHUKU BBaXkatomb, Wo degiyum nesHo20 rno-
JKUBHO20 efleMeHma rnpu3sodums 00 MOpYWeEHHS NPoyecis
IMyHHUX peakyjid. MpuHyunu xap4ysaHHsl, 3aCHOBaHI Ha BU-
KOpuCmaHHi pisHOMaHImHUX MiKpoesieMeHmis, simamiHis,
npo6iomukis ma HympieHmis, MoXyms 6ymu KOPUCHUMU
071 npogpinakmuku ma sikysaHHss COVID-19. KoHmposib
cranaxy COVID-19 ma malibymHix enioemiti sumazae 2/10-
basibHUX 3ycusib ceped Jlikapis, iMyHosozis, diemosioais,
doc/lidHUKIB, thapmayesmis ma MedudyHux cecmep. Kpim
moeo, BUCOKUU piBeHb 06i3HaHOCMI W000 PO/ii XapdyBaHHS
y 60pomb6i 3 BIpYCOM W/IAXOM 3MIYHEHHS iIMyHHOI cucme-
MU, @ MakoxX Kpawje po3yMiHHs1 QUHaMiKu nepedadi, iHKyba-
yitiHoeo nepiody ma penikayitd COVID-19 i nowyk ma pos-
pobka crieyuivHUX BakyuH ma meparnesmuyHux 3acobis
BIOKpUOMb W/15IX 00 1000/1aHHSI 0aHOI naHoeMil.

BUCHOBKW. He3gaxarouu Ha me, Wo mMOoYHi BHympiw-
HBOK/IIMUHHI MexaHi3Mu iMyHOCMUMY/1to4OI Oif HympieH-
mig He BUBYEHI MOBHICMIO, ICHYE 6ba2amo OoKa3ig ix crpu-
AAM/IUBO20 BI/IUBY HA CMaH IMyHHOI cucmemMu op2aHi3my,
a makox oosedeHa IX aHmuokcudaHmHa ma rnpomu3sa-
nasibHa akmusHicmb. Xap4ysaHHs sBidiepae 0oKka3osy posib
Yy npodpinakmuyi ma JiKysaHHI pecripamopHux iHhekyil
PI3HUX cmyrieHiB8 MsKKOCcmi. ADekBamHe xap4yBaHHs € we
6i/IbW BaXK/IUBUM 07151 XKUMENIB KpaiH i3 HU3LKUM | cepeod-
HiM pisHeM 00x00i8, 0e deghiyum K/1to40B8UX BiImaMiHis i Mi-
Hepasis Hapaxae /irodeli Ha bi/ibwy 3axsoprosaHicms ma
cmepmHicmb. KpaiHu 3 HU3bKUM ma cepeoHiM pisHeM 00-
X00y MOBUHHI po3pobumu cmpameeito 07151 3abe3MneYeHHs
docmyry HacesieHHs1 8 Yiiomy 00 ONMUMasibHO20 XapHy-
BaHHS 07151 3MIUHEHHS IMyHHOI cucmemu, a makox 3abes-
nequmu payjioHasibHe xapyysaHHsi 8 X00i JliKyBaHHS XBOPUX
Ha COVID-19.

KnrouoBi cnosa: COVID-19; BipycHa iHhekLis; XxapyyBaH-
HA; NOXMBHI PEYOBUHW; BiTaMiHU; MIKpDOENEeMEHTU.

MATERIALS AND METHODS

The study uses publications of the world scientific
literature on COVID-19 infection, in particular the
causes and mechanisms of its development, treatment,
complications and its consequences as well as the
influence of different nutrients and nutrasuticals
on the course of COVID-19. This review highlights
the nutritional interventions to boost the immune
response in the body during viral infections, especially
considering the novel coronavirus pandemic. Due
to their beneficial effects on general healthcare and
disease prophylaxis, nutraceuticals have been gaining
more and more importance lately.

RESULTS AND DISCUSSION

Numerous vitamins are crucial for the normal
functions of the immune response [3]. For maintaining
the vitamin homeostasis in the body, it is vital to
have a varied and balanced diet [4]. The dietary
supplementation of vitamin D may have positive effects
on individuals who are either insufficient or deficient.
Evidence supporting the role of vitamin D in reducing
the risk of COVID-19 includes the fact that the outbreak
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occurred in winter, a time when 25-hydroxyvitamin D
(25(OH)D) concentrations are lowest; that the number
of cases in the Southern Hemisphere near the end
of summer are low; that vitamin D deficiency has
been found to contribute to acute respiratory distress
syndrome; and that case-fatality rates increase with
age and with chronic disease comorbidity, both of which
are associated with lower vitamin D concentration [5].

Figure 1 demonstrates the mechanisms of vitamin D
immunomodulation. The Vit D modulation effects on
the adaptive immune system were identified to occur
via its direct enhancing effects on; activation of T
cells, stimulation of antigen-presenting cells especially
dendritic cells.

Systemic or locally produced 1,25(0OH)2VD3 exerts
its effects on several immune-cell types, including
macrophages, dendritic cells (DCs), T and B cells.
Macrophages and DCs constitutively express vitamin D
receptor (VDR), whereas VDR expression in T cells is
only upregulated following activation. In macrophages
and monocytes, 1,25(0H)2VD3 positively influences its
own effects by increasing the expression of VDR and
the cytochrome P450 protein CYP27B1. Certain Toll-
like-receptor (TLR)-mediated signals can also increase
the expression of VDR. 1,25(0OH)2VD3 also induces
monocyte proliferation and the expression of interleu-
kin-1 (IL-1) and cathelicidin (an antimicrobial peptide)
by macrophages, thereby contributing to innate im-
mune responses to some bacteria. 1,25(0H)2VD3
decreases DC maturation, inhibiting upregulation of
the expression of MHC class Il, CD40, CD80 and
CD86. In addition, it decreases IL-12 production by
DCs while inducing the production of IL-10. In T cells,
1,25(0OH)2VD3 decreases the production of IL-2, IL-17
and interferon-y (IFNy) and attenuates the cytotoxic
activity and proliferation of CD4* and CD8* T cells.
1,25(0OH)2VD3 might also promote the development
of forkhead box protein 3 (FOXP3)* regulatory T (TReg)
cells and IL-10-producing T regulatory type 1 (TR1)
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cells. Finally, 1,25(0OH)2VD3 blocks B-cell proliferation,
plasma-cell differentiation and immunoglobulin produc-
tion. ASCs, antibody-secreting cells.

Crohn’s disease, eczema, psoriasis, juvenile dia-
betes mellitus, asthma, multiple sclerosis, and rheu-
matoid arthritis, which are some important autoimmune
diseases, had been identified to be closely associated
with Vit D and its deficiency, also adding to its benefac-
tion in treatment of tuberculosis, common infections
of chest, urinary tract, eye and wounds, it hasbeen
strongly approved in treatment of influenza, and also
identified to be highly supportive in treatment of dif-
ferent infections including: viral, bacterial and fungal
infections [6]. Also, gastrointestinal tract autoimmunity
disorders consequent to valuable increase in IL-17 and
IFN-y secreting T-cells numbers and a concomitant re-
duction in regulatory T-cells have been highly approved
to occur due to absence of Vit D and its receptors [7].

Risk of lungs infections including pneumonia can
be reduced after administration of Vit D, and it may
occur through several mechanisms including, which
may result in reduced amount of: replication rates of
viruses and concentration of inflammatory cytokines,
in contrast by considerable increased values of anti-
inflammatory cytokines concentrations [8]. In a recent
published study, in order to reduce the risk of infection,
it has been strongly recommended that people who
are at the risk of influenza and/or COVID-19 infection
must receive specified amount of Vit D and continue
to its reception according to the defined protocol for
prevention, and higher dosages of Vit D3 might be
useful in order to treat COVID-19 infected patients
[8]. In a recent published study, association between
mortality rate of COVID-19 infection and geographical
latitude has been studied and possible relationship
between Vit D deficiency and severity of COVID-19
infection has been strongly approved. This relationship
has been reported more stronger when comparison
between Scandinavian countries (with considerable

1,25(0OH) VD,
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Figure 1. The mechanisms of vitamin D immunomodulation [42].
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decreased rates of Vit D deficiency and low rate of
COVID-19 mortality rate in their countries) and nations
which are located in low latitudes (with considerable
values of Vit D deficiency and high rate of COVID-19
mortality rate such as Indonesia and the Philippines)
has been done and its detailed data has been reported
[9]. In a recent published article effect of Vit D and A on
probable prevention of COVID-19 infection has been
reviewed by authors [10]. Although there are some data
about association between COVID-19 infection and Vit
D, but there is no available study which can approve
that how much this association is considerable, so
clinical trials and in vivo and/or in vitro studies in this
area are highly recommended.

As far as you can see at the Figure 2, vitamin C
takes part in the development and functionality of
various immune cells and the production of antibodies.
The contribution of vitamin C in immune response has
been suggested due to the enhancement of different
cellular functions of innate and adaptive immunity.
Vitamin C enhances the function of epithelial barrier
against pathogens and stimulates skin scavenging
activity to protect against the environmental oxidative
stress. In addition, it could accumulate in neutrophils
to promote chemotaxis phagocytosis and with
subsequent microbial killing. It is also required for
apoptosis and neutrophil clearance from the infection
sites, which resulted in a reduction of necrosis and
possible tissue damage. In B and T lymphocytes,
vitamin C might promote the cellular differentiation
and proliferation due to its gene-regulating activities.
Therefore, the deficiency of vitamin C may result in
immunity impairment and increased susceptibility to
infections. Therefore, infections may have a significant

4

Enhances epithelial
barrier against
pathogens

effect on level of vitamin C because of inflammation
enhancement. Interestingly, vitamin C supplementation
seems to be able to prevent and treat the respiratory
and systemic infections.

Vitamin E, as a well-known antioxidant, also has
functions in regulating the immune response. Meanwhile,
numerous studies showed that supplementation with
vitamin E could have harmful effects on the immune
system, especially in cancer and cardiovascular
diseases. There was no conclusive evidence of the
role of vitamin E in the treatment of COVID-19, but it
is believed that vitamin E protects the integrity of cell
membranes from damage caused by free radicals and
has the potential to influence both innate and adaptive
immunity.

Trace minerals are an essential component of the
diet. Their regulatory effects on immune function have
been well defined, and inadequate levels of trace ele-
ments have been reported to alter immune competence
in humans [11, 12]. Prolonged dietary deficiencies of
trace minerals may result in impaired immune function
by influencing one or more components of the immune
system [13]. Although the specific functions of miner-
als in protecting or boosting human immunity are not
well understood, several trace elements such as zinc,
magnesium, iron, copper, selenium, and manganese
have gained wide recognition for their roles in maintain-
ing optimal health.

In this COVD19 situation, zinc is considered as a
supportive treatment therapy as it has direct antiviral
effects. Itis found that zinc supplementation may have
positive effects in the treatment of COVID 19 patient.
The role of zinc in immunity is explained in many
studies. Zinc deficiency can cause loss of T helper
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Figure 2. The role of vitamin C in the immune defense [43].
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cells and also responsible for atrophy of thymus and
spleen. Zinc increases the IgM plaque response and
IgG response. Cell mediated immunity is also increased
with zinc supplementation. T-lymphocyte proliferation
is also maintained by proper dietary intake of zinc.
Some meta-analysis found that zinc decreased the
prevalence and incidences of pneumonia as well as
duration of common cold. The common sources of
zinc are meat, cheese, cereals and grains, shellfish
etc (Fig. 3).

Zinc regulates the signaling pathways in the
cells of both specific and non-specific immunity [14].
Disorders in the homeostasis of zinc alter the immune
response in several ways, resulting in abnormal
lymphopoiesis, disturbed intercellular cytokine
signaling, and weakening the innate immune response
through phagocytosis and oxidative burst [15]. Zinc
deficiency is a very common disorder, and almost 1/5
of the global population is at risk [16]. The lack of zinc
impedes the immune response, reduces pathogenic
resistance, and extends the duration and incidence
of pneumonia [17]. In the elderly population, dietary
supplementation of zinc increases the IL-2 and IL-2R-a
MRNA expressions in peripheral blood mononuclear
cells (PBMCs) [18]. Recent studies showed that zinc
affects the polarization of CD4+ T cells on behalf of Th1.
In contrast, the up-regulation of IL-12 signaling and
transcription factor T-bet activity leads to an increase
of IFN-y [19, 17] investigated the effects of dietary
supplementation with zinc (30 mg/day for 3 months).
They reported an increase in zinc concentrations in
serum, which was associated with peripheral T cell
numbers [20]. High intracellular concentrations of zinc
with zinc ionophores such as pyrithione can harm the
replications of several RNAviruses [21]. Concerning the
global crisis of the COVID-19 pandemic, the use of zinc
as possible supportive treatment in COVID-19 patients
could be attributed to its immune enhancement effect
and direct antiviral activity [22]. In particular, Zn?* cations
combined with Zn ionophore pyrithione have a role
in inhibition of SARS-coronavirus RNA polymerase

Figure 3. Dietary sources of zinc [44].
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(RNA-dependent RNA polymerase, RdRp) activity via
reduction of viral replication [21]. Interestingly, recent
trials concluded the antiviral activity of chloroquine
against COVID-19 [23], where they suggested that
chloroquine has increased flux of zinc into the cell [24].
In continuous context, it was suggested that increased
concentration of zinc inside cells by chloroquine could
enhance the antiviral effect of zinc against SARS-
CoV-2 [25]. Similarly, supplementation of zinc without
chloroquine may have similar desired effects without
the deleterious side effects of chloroquine [26]. Another
theory for COVID-19 treatment includes targeting Zn
ions in the viral protein structure; for instance, in MERS-
CoV and SARS-CoV, the antiviral drug disulfiram
induced release of zinc from papain-like protease
leading to destabilization of viral protein [27]. Based on
such findings, dietary supplementation with zinc could
have positive effects not only on the relief of symptoms
related to COVID-19 but also on the virus itself [22].

Another risk factor that can cause acute infections
in the respiratory system is iron deficiency [22]. Both
hosts and pathogens use iron. Iron deficiency can
weaken the immune system, while excessive amounts
of iron can cause oxidative stress that promotes
mutations of viruses [28]. Hemoglobinopathy, hypoxia,
and cell iron overload might have a potential additional
role. Scientific reports have stated two possible
pathophysiological mechanisms: (i) severe acute
respiratory syndrome—coronavirus-2 interaction with
hemoglobin molecule, through CD26, CD147, and
other receptors located on erythrocyte and/or blood cell
precursors; (ii) hepcidin-mimetic action of a viral spike
protein, inducing ferroportin blockage [29].

Selenium has essential roles in the immune
response, mostly by incorporating it into selenoproteins
[30]. Selenium may have a significant place in
COVID-19 management, particularly in vulnerable
elderly, and might represent a game changer in the
global response to COVID-19. Nuclear factor kappaB
(NF-kB) signaling pathway plays a role in COVID-19
progression and selenium is a NF-kB inhibitor.

Foods High in Iron

Beéfspleen Pork liver Clams V.

Potatoes

A
- £ W

4
—

Fortified cereals

Beans, lentils

Figure 4. Dietary sources of iron [45].
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Selenium might reduce the effect of SARS-CoV-2 on
vascular endothelial cells and aggregation of platelets
[31]. Supplementing COVID-19-affected patients
with selenium might be an efficient way to treat and
prevent the novel coronavirus [32]. The synergistic
use of selenium with saponins from ginseng stem
leaf could activate the immune responses to a live
bivalent vaccine of infectious bronchitis coronavirus
in chickens [33]. The dietary supplementations of
selenium (Fig.5) could represent an effective method
for treating the novel virus of COVID-19 [22]. Regarding
the aforementioned effects of zinc and selenium, we
suggest that dietary supplementation with these two
microelements may improve the immune response to
viral infections. The suggested dosage for zinc is 20
mg per day while that for selenium is 50 pg per day.
Phosphorus (P) is an essential constituent of many
important primary cell metabolites such as nucleic

Food Sources of

acids, phospholipids, lipopolysaccharides, and different
cytoplasmic solutes [34, 35, 36]. P has been suggested
in various studies with different species to perform an
important role in the immune system and the modulation
of P level in the diet could modulate the function and
migration of immune cells [34, 35]. Similarly, Ca is a
normal body constituent and is critical for the immune
responses [36]. Calcium phosphate (CaP) in the form of
microparticle or nanoparticle has been used as potential
adjuvants or vaccine carrier (delivery system) for DNA
and peptide vaccines for humans and mammals. CaP
nanoparticles have a number of advantages over
other inorganic particles. Their biodegradability and
biocompatibility are excellent [37]; they are native to the
body, well-tolerated and absorbed in the body, non-toxic,
cost-effective, and easily manufactured and have a high
affinity to protein, DNA, antigens, and chemotherapy
drugs [38]. Calcium phosphate has been used for many

SELENIUM
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Brazil Nuts
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Vegetables & Fruits
: \ /4 7 . "

Spinach Bananas

Poultry, Meat & Offal

7.

Beef Liver
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Figure 5. Dietary sources of selenium [46].
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years as the adjuvant for diphtheria—tetanus—pertussis
(DTP) vaccine and other vaccines. CaP nanoparticles
have been used to couple several viruses like Epstein—
Barr virus and Herpes simplex virus-2, a potent mucosal
adjuvant, and induce both mucosal and cell-mediated
immunity to nucleotide vaccines in humans and were
used in glycoprotein vaccine [39, 40, 41]. Additionally,
CaP nanoparticles have also been reported to possess
better stimulation of both innate and adaptive immunity
in mice

Suggestions and Recommendations. With the
current emphasis on exploring therapeutic options to
treat COVID-19, more than 100 clinical trials are under
way to develop a vaccine, design effective drugs,
and test novel and repurposed compounds against
SARS-CoV-2. However, data from longitudinal and
observational studies on the extent of micronutrient
deficiencies in COVID-19 patients, along with infection
severity scores, are needed. Factors predicted to
be associated with high risk of severe COVID-19
include age above 50 years, male gender, smoking,
chronic kidney disease, diabetes, cardiovascular
disease, chronic obstructive pulmonary disease,
and cerebrovascular disease. Individuals with these
risk factors should be screened for micronutrient
deficiencies. Supplementation to achieve adequate
serological levels of the deficient nutrients may be
provided in accordance with in-practice guidelines.
The impact of supplementation should be evaluated
relative to reductions in the severity of infection and
improvements in the recovery index.

The role of optimal nutrition for managing the
current COVID-19 pandemic cannot be underestimated.
Nutrition has a demonstrable role in the prevention
and treatment of moderate to severe respiratory and

REFERENCES

1. Nasri H, Baradaran A, Shirzad H, Rafieian-Kopaei M.
New concepts in nutraceuticals as alternative for
pharmaceuticals. Int J Prev Med. 2014;5: 1487-99.

2.ChenYH, Chang GK, Kuo SM, Huang SY,Hu IC, Lo YL,
et al. Well-tolerated Spirulina extract inhibits influenza virus
replication and reduces virus-induced mortality. Sci Rep.
2016;6: 24253. DOI: 10.1038/srep24253

3. Wintergerst ES, Maggini S, Hornig DH. Contribution
of selected vitamins and trace elements to immune function.
Ann Nutr Metab. 2007;51: 301-23. DOI: 10.1159/000107673

4. Grant WB, Lahore H, McDonnell SL, Baggerly
CA, French CB, Aliano JL, et al. Evidence that vitamin
D supplementation could reduce risk of influenza and
COVID-19 infections and deaths. Nutrients. 2020;12: 988.
DOI: 10.3390/nu12040988

5. Miller ER, Pastor-Barriuso R, Dalal D, Riemersma RA,
Appel LJ, Guallar E. Meta-analysis, high-dosage vitamin
E supplementation may increase all-cause mortality. Ann
Intern Med. 2005;142: 37-46. DOI: 10.7326/0003-4819-
142-1-200501040-00110

ISSN 2706-6282(print)
ISSN 2706-6290(online)

BiCHUK MegMUYHUX i 6ioNoriuHMX gocnimkeHb
Bulletin of Medical and Biological Research

Ornsaan
Reviews

nonrespiratory infections. Adequate nutrition is even
more essential for marginalized communities and in
low- and middle-income countries, where deficiencies
in key vitamins and minerals expose individuals to
greater morbidity and mortality. Low- and middle-
income countries should strategize to ensure the
population at large has access to optimal nutrition to
boost the immune system and should provide specific
supplementation for treatment of COVID-19 patients,
especially those with severe disease. Older adults
represent a high-risk population and may be prioritized
to receive care in nursing facilities and to receive
specialized nutritional support to improve physical and
mental outcomes of the COVID-19 pandemic.

CONCLUSIONS

1. Despite the fact that the exact intracellular
mechanisms of immunostimulatory action of nutrients
have not been fully studied, there is much evidence of
their beneficial effects on the body's immune system, as
well as their proven antioxidant and anti-inflammatory
activity.

2. Nutrition has a demonstrable role in the
prevention and treatment of moderate to severe
respiratory and nonrespiratory infections. Adequate
nutrition is even more essential for marginalized
communities and in low- and middle-income countries,
where deficiencies in key vitamins and minerals expose
individuals to greater morbidity and mortality.

3. Low- and middle-income countries should
strategize to ensure the population at large has access
to optimal nutrition to boost the immune system and
should provide specific supplementation for treatment
of COVID-19 patients, especially those with severe
disease.
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