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Aim. Coronavirus, also known as COVID-19, has officially been declared as a pandemic,

and the world now has to manage this pandemic disease as a major public health issue at dif-
ferent levels, not only from a political aspect, but also from an individual aspect at the lower end
of the scale. The goal of this paper is to focus on how individuals could optimize their health, and
particularly their immune systems, to reduce the risk of respiratory tract infections by means of
a daily micronutrition strategy. Material and Methods. A narrative review was conducted on
85 articles evaluating the mechanisms which allow vitamin D, vitamin C and Zinc to lower viral
replication rates and reduce pro-inflammatory cytokine storm. Furthermore, we focus on high-
risk populations with the prism of deficiency of these vitamins and this mineral. Results. According
to literature, it seems that Zinc and vitamins C and D, particularly when taken as supplementation
at an early stage, could be clinically useful micronutrients as adjuvant therapies in the prevention
of deficiency amplification in COVID-19 unaffected and at-risk populations, and/or in the treat-
ment of severe forms in affected patients. Conclusion. Further randomized control trials through
the use of genomics and metabolomic techniques are needed in order to understand the role of
these micronutrients in the treatment of severe forms of the COVID-19 disease in different types

of at-risk populations.
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1. Background

Coronavirus 2019 (i.e. named COVID-19 for
the disease and SARS-CoV-2 for the virus itself),
which was recently discovered in China, is
an emerging viral zoonotic-like disease with hu-
man-to-human transmission and part of the coro-
navirus family which consists of seven varieties.
SARS-CoV-2 is highly contagious [65]. It differs
from other respiratory viruses in that it appears
that transmission between humans occurs approx-
imately 2 to 10 days before the individual be-
comes symptomatic [33].

It is mainly transmitted by the projection of
droplets over a distance of less than 2 meters, by
or from direct contact with the oropharyngeal
mucosa or via a contaminated surface. This con-
tamination can be spread to approximately 2.3 to
2.8 people by the same individual. The incuba-

tion period can extend up to 21 days. The immu-
nization duration is unknown, and the possibility
of reinfection is currently under debate. However,
in order to predict the course of the epidemic and
the likelihood of sustained transmission, compre-
hension of the transmissibility process remains
crucial [53].

COVID-19 may clinically manifest itself as
an influenza-like illness with fever (89%), cough
(68%), fatigue (38%), sputum production (34%)
and dyspnea (19%); data from the Chinese cohort
observed by Guan and colleagues [33]. Other
atypical clinical symptoms have also been re-
ported, such as anosmia without nasal obstruction
and ageusia [more frequent in Europe], digestive
disorders [diarrhea in 30% of the cases], and
dermatological problems of the vascular acrosyn-
drome type: Raynaud's phenomenon, frostbite
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and facial erythema. A meta-analysis [85] in-
volving 3,062 patients reported other symptoms
such as muscle pain (33%), anorexia (38.8%),
chest pain (35%), dyspnea (35%), shortness of
breath (35%) and kidney damage (4%) [16, 19].
The phenotype of this disease can manifest itself
in varying forms: mild asymptomatic or moderate
(81%), severe (14%), or critical (5%). In poten-
tially severe forms, a clinical shift is observed
between the fifth and the eighth day of the di-
sease, with a secondary onset of dyspnea, leading
in most cases to transferal to intensive care.
Although the fatality ratio among patients
receiving medical attention is estimated to be
approximately 2% to date, the true ratio may re-
main unknown for a while [53]. In children,
the signs are usually less severe, and are mainly
manifested by a cough and fever. The number of
cases of affected children is relatively low and
amild form of the disease is observed [33].
Patients at risk of developing a severe form of
the disease are the elderly (> 65 years), pregnant
women, and those suffering from the following
health disorders: the metabolic syndrome (dia-
betes, hypertension, obesity with a body mass

index> 30 kg / m?); immunosuppression; asso-
ciated cardiovascular and respiratory pathologies
(e.g. chronic obstructive pulmonary disease, em-
physema, asthma, pulmonary fibrosis and inters-
titial lung disease); serious chronic neurological
pathologies; and patients taking certain medi-
cations (non-steroidal anti-inflammatories, con-
verting enzyme inhibitors, angiotensin II receptor
blockers, immunomodulators) [16, 24].

The median age of hospitalized patients is
between 46 and 56 years old and the overall mor-
tality is currently estimated to be between 0.5%
and 0.94% but differs depending on the pheno-
type and the environment (Fig. 1).

To protect themselves from COVID-19,
humans use their immune systems, which are
“an interactive network of lymphoid organs, cells,
humoral factors and cytokines” [60]: in short, im-
munity is acted through innate and adaptive re-
sponse, determined by the speed and specificity
of the organism reaction. The innate response
provides quick and immediate reaction from the
chemical, physical and microbiological barriers
by means of elements such as neutrophils, mono-
cytes, macrophages, complement components,
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Fig. 1. Synthesis of cut-off clinical and epidemiological COVID-19 data [8—10]
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cytokines and acute phase proteins. The adaptive
response is more precise, but necessitates a long-
er period of time, from several days to weeks,
to adapt its memory-based defense.

In the innate response, the central feature is
the rapid recruitment and activation of neutro-
phils on the site of infection to eradicate patho-
gens, with cytokine release from activated ma-
crophages (IL-2, IL-7, IL-10, G-CSF, IP-10,
MCP-1, MIP-1A, and TNFa) [37]. COVID-19,
which induces cytokine storm release [41, 71]
is presumably responsible for hemophagocytic
lymphohistiocytosis, a hyperinflammatory synd-
rome characterized by fulminant and fatal hyper-
cytokinaemia with multiorgan failure in the se-
vere form of the disease [56].

In the adaptive response, antigen-specific re-
ceptors on T and B cells allow a two-phase tar-
geted response. In step 1, the antigen is recog-
nized by the antigen specific T or B cell which
leads to cell priming, activation and differentia-
tion in the lymphoid tissue environment. In step 2,
the activated T cells leave the lymphoid tissue
and migrate to the site of infection or help pro-
voke the secretion of antibodies into the blood
and tissue fluids.

The adaptive immune response is considered
as an indication for future vaccine development
although the kinetics/titers of specific antibody
correlates in severe forms of COVID-19 would
need further investigation [62].

In the fight against COVID-19, approximately
150 trials [57] are in progress around the world in
order to evaluate the real effect of medical treat-
ments (e.g. antivirals, immunomodulators, anti-
biotics, hydroxychloroquine, ...) and micronu-
trient therapies (e.g. vitamin C, D, zinc, thia-
mine...).

The use of micronutrients underlines this
new interest in an old concept: adjuvant vitamin
therapy in critical illness or “metabolic resuscita-
tion”. For example, Amrein et al. [2] recommend
early supplementation of vitamin C and D to pre-
vent / treat deficiency, particularly in severe
acute diseases.

The aim of this article is to cross the know-
ledge of the roles of vitamins C and D and Zinc
in the immune response and the characteristics of
COVID-19, in order to focus on populations
at risk and to recommend supplements to both
these at-risk populations and the general public.

2. Vitamin C metabolism

Vitamin C is an essential micronutrient
which protects cell membranes from damage

caused by free radicals by its ability to donate
electrons [11]. This contribution to immune de-
fense is made possible through the ability of this
vitamin to support both the innate and the adap-
tive immune systems.

Vitamin C contributes to the immune system
by supporting the epithelial barrier function.
Indeed, it promotes collagen synthesis in epi-
thelial tissues [29], which protects the organism
against aggressions via the skin, by building a skin
and mucous barrier in contact with viruses, para-
sites and bacteria. Vitamin C enhances collagen
synthesis and stabilization [47], protects against
reactive oxygen species induced damage [51],
and increases fibroblast proliferation and migra-
tion [21]. Furthermore, Vitamin C diffuses in
the phagocytic cells.

Vitamin C contributes to immunity via
the phagocytes [neutrophils, macrophages] by
acting as an antioxidant electron donor [73]. This
enhances phagocytosis and reactive oxygen spe-
cies [ROS] generation [70] and also microbial
killing [28], by facilitating neutrophil apoptosis
and clearance at the site of infection and by de-
creasing necrosis [80]. Leukocytes, especially
neutrophils and monocytes, accumulate vitamin
C, resulting in a value 50 to a 100-fold higher
than plasma concentration. This process is pos-
sible if the dietary intake of vitamin C concentra-
tion is at least 100 mg/ day.

Vitamin C enhances the differentiation and
proliferation of B- and T-lymphocytes and anti-
body levels [74]. Moreover, it plays a major role
as an inflammatory mediator by modulating cy-
tokine production [38] and by decreasing the his-
tamine level [40]. The modulation of cytokine
activity seems to be a key factor in COVID-19,
as preview research reveals the cytokine storm
release to be a major contributor of the final step
of the disease in symptomatic patients [71].

3. Vitamin C, COVID-19,

at-risk populations and recommendations

Based on this knowledge, recent studies have
tried to assess the impact of vitamin C doses
on the evolution of the patient state during
COVID-19 infection. In accordance with the meta-
analysis of Hemild et al. [35] which clearly
shows that vitamin C in oral doses of 1-3 g/day
can shorten the length of stay in an intensive care
unit by 18.2%, the same team found strong evi-
dence that vitamin C also shortens the duration of
mechanical ventilation [35]. Vitamin C was most
beneficial for patients with the lengthiest periods
of ventilation, corresponding to the most severely
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ill patients. Vitamin C has proved effective in
preventing and relieving symptoms of virus-
induced respiratory infections [31] with mega-
doses of vitamin C [hourly doses of 1000 mg for
the first 6 hours and 3 times daily thereafter].
Reported flu and cold symptoms decreased by
85% compared to the control group. A dosage of
1-6 g/day shortened ventilation time by an ave-
rage of 25%. Adnan Erol [23] has proposed
a mechanistic approach by using high-dose intra-
venous vitamin C on patients with COVID-19
pneumonia, founded on the hypothesis that vita-
min C is able to reduce the hyperactivation of
immune effector cells.

Erol’s hypothesis [23] is that high-dose
intravenous vitamin C favors the loss of immu-
nocompetence effector cells by inhibiting glyce-
raldehyde 3-phosphate dehydrogenase (GAPDH)
in order to prevent inflammatory hyperactivation
in myeloid and lymphoid cells. In literature,
a similar mechanistic approach targeting GAPDH
inhibition has also been used to explore the the-
rapeutic interest of vitamin C in human colorectal
cancer with KRAS or BRAF mutations [82].

Results of meta-analyses have demonstrated
that treatment with a high dose of intravenous
vitamin C (50 mg/kg of body weight every 6 hours
for 4 days) with glucose restriction has signifi-
cant benefits over sepsis and septic shock [43].
Moreover, during infection, vitamin C levels can
become depleted and a person’s requirement for
vitamin C increases with the infection severity
[12]. A recent study [77] in the USA of 167 pa-
tients suffering from sepsis-related acute respira-
tory distress syndrome (ARDS) and receiving
50 mg/kg intravenous doses of vitamin C every
6 hours for 4 days, demonstrates a difference
in mortality (46.3% in the placebo group vs 29.8%
in the vitamin C group) with no impact on organ
failure or in C-reactive protein levels. The num-
ber of ventilator-free days was also higher in
the vitamin C group (13.1 vs 10.6 days in the con-
trol group). In another study, a combined vita-
min C (6g per day), hydrocortisone and thiamine
therapy [46] in patients with severe pneumonia
reveals significant mortality benefit (17% vs 39%
in the control group).

Finally, the role of vitamin C in optimizing
aperson’s anti-oxidative capacity and natural
immunity to prevent symptoms and presumably
lower the mortality rate in patients with ARDS
has been well documented. Megadoses of vita-
min C must be controlled by medical staff.
A daily intake of at least 3000 mg in divided doses

[67] is recommended in order to increase the anti-
oxidative system and the level of leucocytes in
the prevention of COVID-19 viral infection.
Vitamin C deficiency populations are smokers,
people with a low intake of raw fruit, the elderly,
and people suffering from antioxidant deficien-
cies (e.g. athletes, diabetics), or hyperglycemia-
induced oxidative stress which increases the
body's use of vitamin C in antioxidant fighting.
Those suffering from kidney failure accompanied
by a metabolic disorder of vitamin C or oxalic
acid, patients with hemochromatosis and patients
on a low sodium diet should avoid high doses
of vitamin C in the form of sodium ascorbate
(1 g providing = 131 mg of sodium). Moreover,
C-vitamin depletion in elderly patients with co-
ronavirus pneumonia resulted in the aggravation
of the pathological process and a fatal outcome
[3, 45].

4. Vitamin D metabolism

The principal role of vitamin D is bone
homeostasis. Without this vitamin, only 10% to
15% of dietary calcium and approximately 60%
of phosphorus are absorbed [7]. However, over
the last decades there have been an increasing
number of publications on the other functions of
this vitamin, and on the immune and inflamma-
tory systems in particular. Several studies have
shown the role of vitamin D in the pathogenesis
of immune-mediated inflammatory diseases [64],
with strong evidence of a link between a low cir-
culating level of 25(OH)D and the prevalence
and severity of these diseases. Vitamin D plays
a modulating role in the tolerance and homeos-
tasis of the immune system. B and T lympho-
cytes, monocytes, macrophages and dendritic
cells contain significant concentrations of the
vitamin D receptor (VDR), with the highest con-
centration to be found in the immature immune
cells of the thymus and the mature CD-8 T lym-
phocytes [18]. Secondly, an active vitamin D me-
tabolism by cells from the immune system is able
to convert the inactive form 25(OH)D into
the active 1.25(OH),D [66] The combination of
these two mechanisms allows a suppressive role
in autoimmunity and an important effect against
inflammation, such as the downregulation of pro-
inflammatory cytokines [84]. The decrease in
proinflammatory cytokines has been particularly
demonstrated in the lungs by the modulation of
the T-cell adaptive immunity and the subsequent
decrease in the type 1 cytokines whereas an in-
crease in the anti-inflammatory type 2 cytokines
and regulatory T-cells can be observed [83].
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Another study reveals that vitamin D deficiency
is associated with greater inflammation and acti-
vated monocyte phenotypes (interleukines-6)
in HIV-infected persons [55]. One of the funda-
mental roles of vitamin D is to control the cyto-
kine levels, such as IL-6 or IL-17, allowing us to
manage the cytokine storm. To benefit from this
phenomenon, a high dose seems necessary, as
demonstrated in a randomized controlled trial in
vitamin D deficient patients. The patients admi-
nistered with a high dose (4000 Ul/d) of vitamin
D3 compared to a low dose (400 Ul/d) revealed
significantly reduced nonspecific CD4 T cell
activation [48]. A randomized trial consisting of
40 patients with relapsing-remitting multiple
sclerosis showed a reduction in IL-17 production
by the Th-cells in patients supplemented over
a 6-month period with 10,400 [U/day as com-
pared to a regime of only 800 [U/day [72].

The antiviral activity of vitamin D seems
to play a key role in adequate local immune re-
sponse to respiratory virus infections, acting as
alocal “respiratory homeostasis” through two
processes: by affecting the replication of respira-
tory viruses or by inducing the expression of an-
timicrobial peptides, and therefore regulating
the balance of Th1l/Th2 or Tcl/Tc2 responses
while inhibiting Th17 cytokine production [58,
68]. A third effect of great importance in the mic-
ronutrient approach of COVID-19 is the major
role vitamin D plays in microbiota. Indeed, several
papers suggest the role of vitamin D in the intes-
tinal epithelium barrier function, and in the modu-
lation of the bowel immune system [66]. A high
level of vitamin D is associated with good gut
permeability and decreased low-grade inflamma-
tion [10]. The intake of high doses of vitamin D
[50 000 Ul/w] affects the microbiota composi-
tion [42].

5. Vitamin D, COVID-19,

at-risk populations, and recommendations

Recent publications reveal a wide range of
bacterial species, such as Lautropia, Prevotella
and Haemophilus, in the metagenome from
the nasopharyngeal swab of a suspected case in
Brazil [15] and in China [14]. Gram-negative
anaerobic bacteria, Prevotella in particular, in-
crease IL-6 in the plasma [52], causing ground
glass opacity in lungs, pulmonary empyema, and
cardiac injury: three classical symptoms of the
severe form of COVID-19. In the SARS-Covl
outbreak, the level of IL-6 was highly correlated
with hospitalization and death [39].

Based on the vitamin D metabolism in

the immune system, this vitamin seems to play
a key role in reducing the risk of respiratory in-
fection by lowering viral replication rates and
pro-inflammatory cytokine concentration, while
increasing anti-inflammatory cytokines. A first
association between vitamin D deficiency
(12 ng/mL) and acute respiratory morbidity was
initially demonstrated in preterm infants: a low
serum value of 25(OH)D associated with in-
creased oxygen requirement; increased duration
of intermittent positive-pressure ventilation during
resuscitation at delivery; and greater need for
assisted ventilation [59]. Another study of adults
confirms such a link between 25(OH)D deficien-
cy and a risk factor for acute respiratory distress
syndrome (ARDS), revealing that vitamin D has
trophic effects on primary human alveolar epi-
thelial cells affecting > 600 genes [17]. Indeed,
a clever hypothesis of the link between vitamin D
deficiency and the COVID-19 mortality rate
could be assessed by the latitude dependence.
Grant and colleagues supported this hypothesis
by two observational facts: firstly, the outbreak
occurred in winter, a time when 25(OH)D con-
centration is lower, due to the minimum amount
of ultra violet penetration through the atmos-
phere, and secondly, the number of cases in
the Southern Hemisphere is lower near the end of
summer [32]. Braiman and colleagues [8] tested
this hypothesis, basing their studies on the data of
individual country mortality and the collective
COVID-19 mortality rates around the world. De-
spite high variability due to the multifactorial
components of this disease, and considering that
people living in hot countries do not necessarily
expose themselves to the sun, or use sun protec-
tion if they do, the authors found that the closer
people lived to the equator, the lower the mor-
tality rate was. The latitude band with the highest
mortality rate is centered around 40 degrees north
(China, Iran, Italy) with a death rate of approx-
imately 5%, which is 10-15 times higher than
the mortality rate of the Southern Hemisphere.
Only two counterexamples seem to contradict
this relationship: the low mortality rates of Scan-
dinavian countries and the high mortality rates
due to COVID-19 in Indonesia and the Philip-
pine. The first counterexample could easily be
explained by the Nordic nations’ dietary supple-
mentation of fish liver oil and vitamin D-fortified
milk [9]. A third relationship between the low
concentration of vitamin D and mortality could
be revealed by the increase in the mortality rate
with age and obesity, both of which are asso-
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ciated with a lower 25(OH)D concentration. Ac-
cording to several studies, 40% to 100% of elderly
North Americans and Europeans are deficient in
vitamin D [13] while a meta-analysis on the link
obesity-vitamin D deficiency has revealed that
deficiency prevalence was 35% higher in obese
individuals and 24% higher in overweight indi-
viduals than in others. The well-documented
higher mortality rates of these three populations
(the elderly, obese individuals and people living
far from the equator) seem to be linked with
a low level of Vitamin D.

Based on this knowledge, populations con-
cerned with vitamin D deficiency will be less
protected from virus attacks. This deficiency is
almost systematic in North European populations
(except for countries with vitamin D-fortified
milk), and particularly in the elderly, in obese
individuals, in those with dark skin, or people
who keep out of the sun (who have no direct ex-
posure or who use solar cream with a high pro-
tection index). A daily 30-45 minutes of full
body exposure at a latitude lower than Barcelona
is sufficient to produce Vitamin D at a desirable
25(OH)D concentration of 30 ng/mL, defined by
experts as the deficiency threshold [36]. It is re-
commended that these populations at risk take at
least 2000 Ul/d and at most 10 000 Ul/d. Indeed,
in order to raise 25(OH)D, from 20 ng/mL (defi-
ciency) to 32 ng/mL, an additional intake of ap-
proximately 1700 Ul/d of vitamin D [4] is neces-
sary. However, the immunity impact at this serum
level is low, and protects against osteoporosis
only, whereas the optimal serum level to reach is
between 60 and 80 ng/mL (or 180 to 200 nmol/1).
Raising the level from a deficient (< 30 ng/mL)
to an optimal level (60 to 80 ng/mL) decreases
the risk of heart attack by 50%, multiple sclerosis
by 80%, influenza by 83%, type 1 diabetes by
71%, breast cancer by 83%, and colon cancer
by 80% [27, 30, 49, 78, 81].

People with diabetes, cancer, or autoim-
mune diseases are more likely to be affected by
COVID-19 [16, 24]. In order to reduce the risk
of infection in populations at risk from influenza
and/or COVID-19, this optimal level must be
raised by a daily intake of 10 000UI/d [32] over
a few weeks in order to raise 25(OH)D concen-
trations rapidly, followed by 5000 IU/d. The goal
should be to raise 25(OH)D concentrations
above 69-80 ng/mL, with a blood control every
2 months. Vitamin D intoxication is observed
when the level of 25(OH)D is greater than
150 ng/mL [79].

6. Zinc metabolism

Zinc plays a key role in the innate and adap-
tative immune systems. It allows the normal de-
velopment and function of cells in charge of me-
diating nonspecific immunity (neutrophils and
natural killer cells). Macrophages are adversely
affected by Zinc deficiency, which, consequently,
could dysregulate intracellular killing, cytokine
production and phagocytosis [69]. This role
against inflammation is possible by the reduction
of pro-inflammatory cytokines. Indeed, the pro-
duction or biological activity of multiple cyto-
kines (IL-1, IL-2, IL-3, IL-4, IL-6, IFN-g, IFN-a,
TNF-a, and migration inhibitory factors), influen-
cing the development and function of T lympho-
cytes, B lymphocytes, macrophages, and natural
killer cells, is dependent on zinc [20, 26, 69].
Zinc plays a part in inflammatory reduction by
means of cytokine production by another me-
chanism: the zinc-induced upregulation of a zinc-
finger protein, A20, which inhibits nuclear fac-
tor-kappa B activation via the protein TRAF
pathway. Zinc contributes to mucosal and barrier
immunity, and deficiency could result in skin
lesions, gastrointestinal lesions with degenerative
changes in the enterocytes and alterations in pul-
monary function [34]. A skin barrier deficiency is
instrumental in providing an open door for viruses.
Zinc stimulates the thymus and the production of
thymulin, which reportedly binds to high-affinity
receptors, induces several T-cell markers, and
promotes T-cell function including allogenic cyto-
toxicity, suppressor function, and IL-2 production
[61]. Moreover, Zinc reveals antioxidative pro-
perties by decreasing the reactive oxygen species
(ROS) by several mechanisms (i.e. the inhibition
of NADPH oxidase), or its contribution to supe-
roxide dismutase [69]. It has been proved that
zinc supplementation in rats prevents pulmonary
pathologies due to hyperoxia [75]. Oxidative stress
induces zinc release from metallothioneins, which
allows the reduction of reactive oxygen species
generated by the mitochondrial dysfunction of
viral infection [63]. Zinc equally plays a role in
the lymphocyte cell cycle, by influencing the ac-
tivity of several replication and transcription en-
zymes, such as the major enzyme which regulates
the DNA replication: the DNA polymerase.

7. Zinc, COVID-19, at-risk populations,

and recommendations

Due to the several roles of zinc in immunity
and infection, this micronutrient could have
apossible role in reducing the intensity of
COVID-19 infections, and maybe ARDS. Indeed,
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studies show a potentially adaptive lung response
to stretching and a critical role of zinc in defining
the tolerance of the lungs for mechanical ventila-
tion [6]. Moreover, the SARS coronavirus RdRp
template binding and elongation have shown to
be reduced and inhibited, respectively, by zinc in
Vero-E6 cells [76]. Zinc supplementation has
revealed promising antiviral effects against rhi-
novirus infections, including the influenza virus
[22], revealing a relationship between zinc ion
availability (ZIA) values and the reduction in the
number of days of the duration of a common
cold. This article shows that the effect is highly
dependent on the dose coupled with the zinc
lozenges of different formulations. Indeed, for-
mulations based on Zinc gluconate are able to
reduce the duration of a natural cold by seven
days, with a dose intake of 23 mg every 2 hours
the patient is awake after an initial double dose
(a total of 175 mg of Zinc gluconate) when com-
pared to a placebo group in one study [76], while
in another study the same dose, but with lower
ZIA [1], reduces the duration of a cold by
4.8 days. This proves that a higher dose of ionic
zinc reduces the duration of a cold by an average
of 42%. Studies with low ZIA, such as Zinc oro-
tate or Zinc aspartate showed no effect when
compared to a placebo group [5].

When we summarize the scientific informa-
tion available, we see the necessity of maintain-
ing an adequate zinc balance in order to protect
ourselves from viral infection. Taking Zinc sup-
plements as a preventive and curative approach
could provide an additional shield against
COVID-19, by allowing an increase in host resis-
tance to the virus and lowering the burden of di-
sease. A minimal daily dose of 15 mg/d for adults
and 20 mg/d for the elderly seems the basic ad-
vice to give as a preventive measure. However,
a higher dose is necessary in curative treatment:
the same dose to be administered every two hours
[22] under medical supervision only, in the form
of zinc gluconate or bisglycinate in order to re-
duce symptoms such as diarrhea and lower respi-
ratory tract infection [44]. The toxicity is over
200 mg per day and could induce adverse effects,
such as nausea, vomiting, epigastric pain, and
exhaustion. Supplementation higher than 50 mg/d
in curative treatment could increase the risk of
immunodepression.

The elderly, obese people, and type 2 diabet-
ics are the main targets of COVID-19 and zinc
deficiency. Several conditions predispose to
a high risk of zinc deficiency: inflammatory con-

ditions, intestinal losses, hypercatabolism, renal
pathologies, hypothyroidism, alcoholism, malab-
sorption, post-surgery, bariatric surgery, malnu-
trition, undernutrition, geriatrics, and digestive
and hepatic pathologies (Crohn's disease, celiac
disease, steatosis, pancreatitis).

8. Conclusion

According to literature, it seems that Zinc
and vitamins C and D, particularly when taken as
supplementation at an early stage, could be clini-
cally useful micronutrients as adjuvant therapies
in the prevention of deficiency amplification in
COVID-19 unaffected and at-risk populations,
and/or in the treatment of severe forms in af-
fected patients.

Further randomized control trials through
the use of genomics and metabolomic techniques
are needed in order to understand the role of
these micronutrients in the treatment of severe
forms of the COVID-19 disease in different types
of at-risk populations.
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KAK MPEOOTBPATUTb COVID-19
C noMmouwbio EXXEQHEBHOIO NMNPUEMA MUKPOJJIEMEHTOB?
OB30OPHOE UCCIIEOQOBAHUE

. Nagpgpaiie”**, B.B. Enuwes’, K.A. Haymoea®, A. [lenagponmen™?**

"Yrusepcumem lMapux-Cakrie, kommyHa Opce, PpaHyus,

2YHueepcumem OprieaHa, 2. OpneaH, ®paHyus,

3lOxHO-Ypanbckull 2ocydapcmeeHHbill yHusepcumem, 2. YensbuHck, Poccus,
“3konb 0’Acac, 2. Mapux, ®paHyus

eap 1aHHOI CTaThM — COCPEJOTOUYNTH BHUMAHUE HA TOM, KakK JIIOAM MOTYT ONTUMH3UPO-
BaTh CBOE COCTOSIHHE 370POBbS M PabOTy MMMYHHOM CHCTEMBI C IOMOIIBIO MHIIEBBIX J00ABOK,
4TOOBI CHU3UTH PUCK MH(EKIMH AbIXaTesbHBIX ImyTeil. MaTepuansl 1 MeToAbl. Beul poBenieH
0030p 85 crareil, MOCBAIIEHHBIX OLIEHKE MEXAaHU3MOB, KOTOpBIE MO3BOJIIOT BUTaMHUHY D, BuUTa-
MuHy C M IIMHKY CHIXKaTh CKOPOCTh PEIUIMKALMHM BUPYCOB M YMEHBIIATh ITPOBOCIAIUTEIIBHBIA
LUTOKHHOBBIN mTopM. Kpome Toro, ocoboe BHUMaHue OBbIIO yAEIEHO IPyNIaM BHICOKOTO PUCKa
C NpH3HaKaMH Je(pHLIUTA HCCIEAYEeMbIX BUTAMUHOB M MHHepasioB. Pesyabrarsl. [1o maHHBIM
JUTEPATYPbl MOKHO CIIEJIaTh BBIBOJ, 4TO LMHK M BuTaMuHbl C 1 D, 0coGeHHO Ipy npueMe B Ka-
YyecTBe 100aBOK Ha paHHEH CTaJnH, MOTYT OBITH PEKOMEH/IOBAaHbI B KAYECTBE BCIIOMOTATEIBEHBIX
METOJIOB JICYCHUS I MPEAOTBPALICHUS YCUJICHUS ISQUIUTA y 3J0POBBIX U IOABEPKEHHBIX
COVID-19 rpynn HaceneHUs, a TaKKe MPH JICYEHUH TSDKEJBIX (OpM Y NalMeHTOoB. 3aKjiove-
Hue. HeoOxonuMbl fanpHEWINe paHAOMU3UPOBAHHBIE KOHTPOJIBHBIE HCCIEIOBAHUS C UCIIOIb-
30BaHHEM TE€HOMHMKH W METa0OJIOMHBIX METOZOB, YTOOBI BBISIBUTH POJb YKA3aHHBIX J00aBOK
B sieueHnn Tsokenbix popm COVID-19 B pa3indHbIX rpymnnax pucka.

Knroueswie cnosa: nanoemus, sumamun C, gumamun D, yunk, Sars-CoV-2.
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