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TRACE ELEMENTS ZINC AND SELENIUM: 
THEIR SIGNIFICANCE IN THE CONDITIONS 
OF THE COVID-19 PANDEMIC
Wit hin the conditions of the ongoing COVID-19 pandemic, when many questions regarding prevention and treatment 
strategies remain unsolved and the search for the best antiviral agents is underway, attention should be paid to the role 
of trace elements zinc and selenium in increasing the body’s resistance to viral infections and their direct antiviral activity 
against SARS-CoV-2. Experimental data show that trace elements zinc and selenium not only actthrough regulating the 
immune response at all levels of humoral and cellular immunity, but also can play a signifi cant role in adjuvant therapy 
for viral diseases. Th is is especially relevant in the case of COVID-19. Studies of the direct antiviral eff ect of these micro-
elements testify to its 3 main ways to SARS-Cov-2: I — counteraction to virus replication and its transcription through: 
(i) their covalent binding to the SH-group of the cysteine of the main protease M(Pro) of the virus; (ii) inhibition of its 
RNA polymerase activity by zinc; II — preventing the penetration of the virus into cells due to blocking SH-groups of 
protein disulfi de isomerase (RDI) of the protein of its spikes (peplomers); III — decreasing the adsorption capacity of the 
virus due to the blocking of the electrostatic interaction of SARS-CoV-2 peplomers and angiotensin-converting enzyme 
(ACE-2) in ultra-low, uncharacteristic oxidation states (Zn+1and Se-2). Th e intensity of the antiviral action of these trace 
elements may depend on their chemical form. It was found that zinc citrate (a fi ve-membered complex of zinc with citric 
acid) and monoselenium citric acid obtained with the help of nanotechnology have a greater intensity of action and 
higher chemical purity. Taking into account the immunostimulating and direct antiviral eff ect of zinc and selenium, their 
use in the form of pharmaceuticals and dietary supplements should be considered as adjunctive therapy for SARS-CoV-2 
in patients, or as a preventive strategy for uninfected people from risk groups during the spread of COVID-19.
Keywords: trace elements, zinc, selenium, COVID-19, SARS-CoV-2, immunity, antiviral action, zinc citrate, monose-
lenium citric acid.
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For more than three years, humanity has been 
in the conditions of the COVID-19 pandemic 
caused by the SARS-CоV-2 coronavirus. Th e 
world medical community believes that it is 
possible to overcome the COVID-19 pandemic 
by obtaining collective immunity against the 
SARS-CоV-2 coronavirus, provided that more 
than 70% of the population has specifi c im-
munity. It is clear that this is possible in case 
of vaccination, or transmission of the disease 
to COVID-19 of the main part of the popula-
tion. But medical practice during the three-year 
period of the pandemic shows that the SARS-
CоV-2 coronavirus mutates, which leads to the 
emergence of new strains. Currently, human-
ity is experiencing the sixth wave of the CO-
VID-19 pandemic, caused by the O-micron 
strain, which is more contagious than previous 
strains and caused disease in both vaccinated 
people and those who have already contracted 
COVID-19. Today it is known that from the O-
micron variant, new strains of coronavirus have 
been developed — BA.4, BA.5 and a new strain 
BA.2.75, the so-called «centaur». Compared to 
its original variant (BA.2), the new coronavirus 
strains have eight additional spike protein mu-
tations.

It is possible that variants of the SARS-CоV-2 
coronavirus will accompany our lives for many 
years, and humanity must adapt to that in every-
day life, and this forces all countries to look at 
people’s health diff erently.

Despite the fact that scientists all over the 
world are fruitfully working on the question of 
the origin and structure of the SARS-CоV-2 vi-
rus, channels of infection, diagnosis of the dis-
ease, use of pharmaceuticals, immune develop-
ment, etc., many questions remain unsolved to-
day [1]. Among them: why in one family some 
people get sick with COVID-19, and the others 
do not (or in a very mild form); why the mortal-
ity rate is diff erent among those who have fallen 
ill; how eff ective the immune system is in the 
fi ght against viral infection and what is the role 

of the state of the general immunity of a person 
in preventing from COVID-19.

Recently, taking into account that the SARS-
CоV-2 coronavirus mutates very quickly and 
this makes it diffi  cult to carry out measures to 
prevent and fi ght against it, scientists suggest 
turning to the internal resources of the human 
body, namely to its ability to fi ght the disease on 
its own. To a large extent, it depends on the state 
of human immunity.

How can you maintain a high level of im-
munity so as not to get sick with COVID-19, or 
what aff ects the state of the immune system? As 
established, the strength of the immune system 
and the state of the body as a whole depend on 
the individual genetic characteristics, which de-
termine the work of certain enzymes, in particu-
lar, angiotensin-converting enzyme (ACE—2), 
which determines strong innate immunity.

Recently, scientists have been investigated the 
possibility of non-specifi c strengthening of im-
munity against COVID-19 when using a vaccine 
against other diseases [2]. But the possibility of 
determining the strength of a person’s immune 
system does not exist without the possibility of 
conducting tests on the immune system genes. 
It is a fallacy to assume the use of immunization 
against, for example, tuberculosis, whooping 
cough, or poliomyelitis on a large scale for non-
specifi c stimulation of immunity in our time, as 
this issue requires further detailed study.

Today, the most realistic and aff ordable mea-
sure for the general population to maintain a 
high level of the general non-specifi c immunity 
of a person and increase the body’s resistance 
to infectious diseases is to adequately provide 
it with vitamins and trace elements. A lot of ex-
perts believe that the best antiviral protection 
is created by a «cocktail» of three components, 
namely vitamin D and trace elements zinc and 
selenium.

Relating to vitamin D, there are numerous 
confi rmations of its positive eff ect in the scien-
tifi c literature for the prevention and treatment 
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of COVID-19 [3]. In this article, we will dwell 
in more detail on the importance of zinc and 
selenium in the prevention and treatment of 
this disease.

It is known that the main physiological func-
tions of zinc include immune protection of the 
body [4]. Th us, it regulates the proliferation, dif-
ferentiation, maturation, and functioning of leu-
kocytes and lymphocytes, which is the basis of 
cellular immunity, and hence the body’s immune 
response, protecting it from viral and bacterial 
infections [5]. In the case of zinc defi ciency, the 
body’s protective cells, such as T-helpers and 
T-killers, are synthesized in insuffi  cient quanti-
ties and, as a result, the immunity weakens [6]. 
Strengthening of antiviral immunity with zinc 
also occurs due to the increase in the produc-
tion of α-interferon. Th ese data indicate that 
zinc can signifi cantly increase the antiviral resis-
tance of the body in the case of COVID-19 [7]. 
In addition, it has been shown that Zn+2 cations 
suppress the activity of the RNA polymerase of 
the SARS-CоV-2 virus, reducing its replication 
[8]. As a result, zinc is considered as an antivi-
ral agent in the therapy of the infection of CO-
VID-19 due to not only its immunomodulation 
eff ect, but also its direct antiviral eff ect [9].

Th ese important fi ndings demonstrate that 
Zn+2 can be considered as a specifi c antiviral 
agent in the treatment of COVID-19. It should 
be noted that zinc has previously also been pro-
posed as a potential agent for immune support 
and prevention of H1N1 (swine-origin infl uenza 
A viruses) [10].

Recent studies have shown the eff ectiveness of 
the antiviral activity against SARS-CоV-2 of the 
zinc ionophore-chloroquine [11], which increas-
es the intake of zinc into body cells [12]. Th e au-
thors believe that the increase in the intracellular 
concentration of zinc ions by chloroquine may 
mediate its antiviral eff ect. From this point of 
view, the intake of zinc without chloroquine can 
have the same positive eff ects without overlaying 
the negative ones caused by chloroquine [13].

Hypothetically, this eff ect can be achieved 
with the help of other zinc ionophores (com-
plexing ligands), such as quercitin and epigal-
locatechingallate [14] with much lower toxicity, 
although clinical trials supported by in vitro ex-
perimental studies are needed to confi rm this 
hypothesis.

Given the high prevalence of zinc defi ciency 
worldwide, and according to current estimates, 
more than 1.5 billion people on earth are at risk 
of zinc defi ciency [15—19], the impact of which 
on public health in the context of the COVID-19 
pandemic is considered as an important medi-
cal problem.

Selenium is the second most important trace 
element in our time. As an essential trace ele-
ment, it is involved in many life-important pro-
cesses, implemented with the help of 25 selenium 
proteins which aff ect oxidative stress, hormonal 
metabolism, cognitive functions, and most im-
portantly, the immune response [20].

Back in the early 2000s, it was thought that 
selenium has antiviral activity. It was found that 
such viral diseases as HIV, hepatitis C, Ebola, 
and various types of fl u are more severe with 
its defi ciency. Th us, mortality from HIV in se-
lenium-defi cient regions was 3—5 times higher 
than that in regions without selenium defi cien-
cy. Th ere is a clear connection between selenium 
defi ciency in various regions of the world with 
low levels of selenium in the soil and the spread 
of AIDS [21, 22].

Selenium, like zinc, is believed to play a key 
role in the maintenance of immunity and has 
long been known as a regulator of the immune 
response at all levels of nonspecifi c humoral 
and cellular immunity [23, 24]. Th erefore, the 
level of selenium in the diet of the population 
can be of great importance during the COV-
ID-19 pandemic, both at the beginning of the 
disease and for the severity of the disease and 
its complications, caused by the violation of the 
immune response and the development of oxi-
dative stress [20].
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In the latest epidemiological studies related to 
COVID-19, conducted in China by an interna-
tional group of leading scientists, the existence 
of a correlative relationship between the content 
of selenium in the hair and the recovery was 
demonstrated: a fi vefold increase in the survival 
of patients (Hubach Province, center of Wuhan), 
against the cases with reduced selenium status 
(Heilongjiang Province). Th ere is an inverse cor-
relation between the mortality rate from CO-
VID-19 and the level of selenium intake. Sele-
nium-defi cient areas are known as the «Chinese 
disease belt» [25].

At the same time, selenium defi ciency is in-
creasing in many countries. Even in such coun-
tries as Great Britain, the intake of selenium with 
food products has decreased by 50% [26]. By 
now, monitoring studies have been conducted in 
European countries, including Ukraine, which 
revealed a defi ciency of selenium in the popula-
tion’s diet [22, 27, 28].

What is the reason for the connection be-
tween selenium defi ciency and the incidence of 
viral infections, including COVID-19? It turns 
out that all RNA viruses are selenium-dependent 
objects, that is, their genome contains the codes 
of the most important selenium proteins. Th eir 
synthesis under the conditions of the develop-
ment of a viral infection at the expense of the 
host leads to a weakening of the synthesis of the 
body’s own selenium proteins, which contributes 
to the development of oxidative stress and failure 
of the immune response [29].

All of the above de termines the need to re-
plenish zinc and selenium resources in the body, 
as well as the use of selenium-containing dietary 
supplements or pharmacopeial medications in 
the therapy of RNA virus infections.

It is known that in the implementation of the 
contact of glycoprotein spikes of the SARS-CоV-2 
virus with the receptors of the membranes of the 
host cells, protein disulfi de isomerase (PDI) ac-
tively participates, and its inhibition makes it 
diffi  cult for the virus to penetrate into healthy 

cells. In vitro experiments have established that 
sodium selenite (selenase) actively reacts with 
SH groups of PDI and catalyzes their oxidation 
according to the scheme: PDI — (SH)+2 + Se+4 → 
PDI — S — S — PDI + Se+2 [ 30]. 

Since COVID-19 is associated with a compli-
cation related to increased blood coagulation, 
it is important that sodium selenite has an anti-
aggregation eff ect, reducing the formation of 
thromboxane. However, the disadvantage of this 
inorganic compound is that aft er administration 
it is excreted from the body within 1—2 min [31].

Aft er screening of 10,000 diff erent chemical 
compositions, the low-toxic product «Ebselen», 
which is a synthetic molecule of organoselenium 
and has anti-infl ammatory, antioxidant, and cy-
toprotective properties, was chosen as a specifi c 
agent for the treatment of COVID-19. It exhibits 
inhibitory activity against SARS-CоV-2, which 
can be explained by the irreversible inhibition of 
the main protease of the corona virus (M(pro)) 
due to the formation of covalent bonds by sele-
nium with the SH group of cysteine (Cys-145), 
its active center [32].

In general, there are three main ways to com-
bat the coronavirus with the help of zinc and 
selenium.

Th e fi rst way is to slow down the virus rep-
lication in the host’s body: (i) by irreversible 
binding of cysteine of the main protease of the 
virus (M(pro)), which encodes proteins, for 
example, through the covalent bond of sele-
nium with the SH-group of cysteine (Cys-145) 
of its active center [32] (it can be expected that 
Zn+2 will act in a similar way, which,, having a 
fi lled 3d orbital, tends to form 4 strong cova-
lent bonds with sulfur-containing ligands (for 
example, with cysteine in the metallothionein 
protein) [33]; (ii) by inhibiting the RNA poly-
merase enzyme with zinc [8].

Th e second way is to prevent the virus from 
entering the cells. It is known that the main im-
pact of SARS-CoV-2 falls on the vascular system. 
Th e membrane of the vascular epithelium cells 
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includes a number of integral proteins: ACE-2 — 
angiotensin-converting enzyme, transmembrane 
protease, metallopeptidases, which are able to in-
teract with viral proteins [34, 35]. It is believed 
that blocking the virus contact of the with ACE-2 
by changing the structure of its spike protein is 
a preventive measure for the development of the 
infectious process [36].

As previously noted [30], protein disulfi de 
isomerase (PDI) plays the main role in the im-
plementation of the contact of SARS-CoV-2 gly-
coprotein spikes (peplomers) with the receptors 
of the host cell membranes. Se+4, by oxidizing 
it, prevents the virus from entering the cell. In 
our opinion, there is also a possibility of block-
ing SH-groups of PDI by zinc ions, which react 
with SH-groups of similar compounds to form 
stable complexes.

Modulation of ACE-2 itself was also consid-
ered as a potential therapeutic strategy for the 
treatment of COVID-19 [37]. It has been dem-
onstrated that zinc in a physiological amount of 
100 μmol reduces the recombinant activity of the 
virus and ACE-2 in the lungs of rats [38]. How-
ever, this appears to be only hypothetical [39]. 
Perhaps, this fact is due to not by the modula-
tion of ACE-2, but by the same modulation of 
the coronavirus spikes through complexing their 
SH-groups with zinc. In our opinion, with an in-
crease in zinc concentration, the eff ect could be 
more pronounced.

Th e third way is to use another factor that 
reduces the adsorption capacity of the virus — 
electricity. It was found that its adsorption on 
ACE-2 cell membrane receptors depends on the 
electric charge of the viral particle and the cell 
receptor [40]. Th e reality of such a process has 
been demonstrated in the works [41, 42].

In this context, the idea of using metals in ex-
tremely low, uncharacteristic degrees of oxida-
tion to block the penetration of the virus into 
the host cells is defi nitely worthy of attention. 
Zn+1, as well as Se-2, can neutralize the charge 
(+) on the receptors of ACE-2 cells. Aft er los-

ing excess electrons, they turn into Zn+2 and 
Se+4 and compensate for the negative charge on 
SARS-CoV-2 peplomers. In this case, the elec-
trostatic interaction between peplomers and cell 
receptors is blocked [43].

 Hence, the role of zinc and selenium in the 
fi ght against COVID-19 is very important, but 
the eff ectiveness of the action largely depends 
on their chemical form. Th e most optimal form 
of biometal compounds for the body is che-
lates  — cyclic complexes of metals with poly-
dentate ligands.

Our body is a harmoniously functioning com-
plex polymetallic-polyligand system, the driving 
force of which is the diff erence in the stability of 
complexes. Th us, the most active physiological 
role in the body is played by that complex, the 
stability of which is suffi  cient for the transport 
of the biometal in such a way that it could not 
be decomposed under the action of gastric juice, 
but is signifi cantly less than the stability of its 
compounds in the body. Th e same mechanism 
will operate when the body is loaded with the 
SARS-CoV-2 coronavirus. It is believed that the 
best transport form of biometals is citrates  — 
their fi ve-membered complexes with citric acid. 
Th e stability of zinc citrate pK is 4.7, and the pK 
of its complexes with the body’s amino acids is 
on average 6.8. Th e stability of zinc complexes 
with compounds containing SH-groups is much 
higher. Th us, for zinc complexes with unitiol and 
its analogues, in particular compounds that, like 
the PDI of peplomers of the COVID-19 virus, 
contain thiol (-SH) groups, pK is ~14 [44]. 

Accordingly, it can be concluded that zinc 
citrate is a more eff ective and reliable pharma-
ceutical сhemist for blocking both the peplomer 
glycoproteins of the SARS-CoV-2 virus and its 
other sulfur-containing compounds. At the same 
time, unlike the proposed ionophores, it is abso-
lutely non-toxic.

If we take into account the electrostatic in-
teraction of the virus peplomers and the cell re-
ceptors of the host organism [45], it is possible 



ISSN 1028-0987. Microbiological Journal. 2023. (1) 41

Trace Elements Zinc and Selenium: Th eir Signifi cance in the Conditions of the COVID-19 Pandemic

that the negatively charged zinc citrate complex 
([Zn(C6H5O7]) in the body will be attracted 
to the positively charged ACE-2 receptors and 
neutralize them, which will make it diffi  cult for 
them to interact with the negatively charged 
peplomers of the virus, and thus for virus par-
ticles to enter into the host cells. Zinc (Zn+2), 
having lost its transport, will block the negatively 
charged peplomers of the virus.

So, it can be claimed that citrate is the most 
advanced chemical form of zinc to fi ght against 
COVID-19. However, the methods of chemical 
synthesis of metal citrates are complex, energy-
consuming, environmentally dangerous, and, as 
a result, a small amount of the fi nal product can 
be obtained, which is highly contaminated with 
chemical reagents. An alternative to obtaining 
citrates of biometals, in particular zinc, appeared 
thanks to the intensive development of nano-
technology [46—49].

Zinc citrate synthesized with the help of inno-
vative nanotechnology contains a small excess of 
citric acid, which increases its stability, bioavail-
ability, and eff ectiveness of biological action. At 
the same time, it is known that citric acid itself 
stimulates physiological and biochemical pro-
cesses in the body and increases its immune and 
physiological response [50].

Among selenium compounds, its organic 
compounds have an advantage in terms of their 
low toxicity and prolonged action as a thera-
peutic and preventive agent in adjuvant therapy 
against viral diseases, including COVID-19 [51]. 
It is known that such compounds are similar to 
their sulfur analogues, but they are more reac-
tive, especially in redox processes [52].

One of these representatives of organic sele-
nium compounds is a selenium compound syn-
thesized using nanotechnology, which belongs 
to the class of selenium carboxylic acids. Accord-
ing to X-ray structural analysis, this is monosele-
nium citric acid [53].

Monoselenium citric acid has low stability, 
slowly hydrolyzes to hydrogen selenide, where 

selenium is in the form of Se–2, which is easily 
included in intracellular convergent reactions 
and is an antioxidant [50]. High antiviral activity 
of antioxidant compounds has been established 
in [54, 55], which may be due to their ability to 
prevent the interaction of viral proteins on the 
virus surface and virus-specifi c cell receptors. It 
is also possible that they modulate intracellular 
signaling pathways. Th is explains the eff ect of 
selenium on H1N1 (swine-origin infl uenza A 
viruses) viruses [56]. Selenium is separated from 
selenic acid in the form of Se–2, which is needed 
for the synthesis of the body’s own proteins. Se–2, 
can be a donor of 8 electrons and neutralize the 
charge on ACE-2, making it diffi  cult for the virus 
to enter the cell. It is important that, compared 
to selenium in selenomethionine and selenocys-
teine, it is released much easier for further ac-
tion in the body. At the same time, as an organic 
compound, monoselenium citric acid is more 
stable and much less toxic than inorganic forms 
of selenium [51].

Th erefore, it can be concluded that trace ele-
ments zinc and selenium play a signifi cant role 
in the resistance to COVID-19, due to the stim-
ulation of the host’ immune response and their 
direct antiviral eff ect in SARS-CoV-2. Studies 
have shown that zinc regulates the proliferation, 
diff erentiation, maturation, and functioning of 
leukocytes and lymphocytes, which is the basis 
of cellular immunity, and therefore is respon-
sible for the body’s immune response, protect-
ing it from viral and bacterial infections [4—6]. 
Strengthening of antiviral immunity by zinc 
can also occur due to increased production of 
α-interferon [7]. Th ere is a practice of using zinc 
as a potential means of immune support and 
prevention of infl uenza H1N1 (swine-origin 
infl uenza A viruses) [10]. Selenium, like zinc, 
plays a key role in maintaining immunity and 
has long been known as a regulator of the im-
mune response at all levels of nonspecifi c hu-
moral and cellular immunity [20—24]. Th ere 
is an inverse correlation between the mortality 
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rate from COVID-19 and the level of selenium 
intake. Th us, in the case of COVID-19, trace ele-
ments zinc and selenium can signifi cantly aff ect 
the antiviral resistance of the body. Accordingly, 
the defi ciency of these trace elements in the diet 
of the population can be both a risk factor for 
the disease of COVID-19 and the progression of 
SARS-CoV-2 in patients.

In addition, it has been shown that Zn+2 

cations suppress the activity of the RNA poly-
merase of the SARS-CoV-2 virus, reducing its 
replication [8] and therefore have a direct an-
tiviral eff ect [9]. As a result, zinc is considered 
an antiviral agent. Recent studies have shown 
the antiviral activity against SARS-CoV-2 of the 
zinc ionophore — chloroquine [11—13], which 
increases the intake of zinc into body cells [12]. 
Such an eff ect can be achieved with the help of 
other less toxic ionophores (ligand complex-
formers) of zinc, such as quercetin and epigal-
locatechin gallate [14].

Selenium has antiviral activity as well. Viral 
diseases such as HIV, hepatitis C, Ebola, various 
types of fl u are more severe with its defi ciency. 
Th ere is an inverse correlation between the mor-
tality rate from COVID-19 and the level of se-
lenium consumption [25, 36]. Mortality from 
these diseases is 3—5 times higher with its de-
fi ciency [21, 22, 25, 36]. (повтор). At the same 
time, the defi ciency of selenium in the diet of the 
population has a global scale [15—20, 26—28]. 

Th e mechanisms of the antiviral action of 
these trace elements have been highlighted: (1) 
slowing down the replication of the virus in the 

host’body by binding the cysteine of the main 
virus protease (M(pro)) (due to their covalent 
linkage with the SH group of cysteine, its active 
center) [32], and inhibition by zinc of the en-
zyme RNA polymerases [8]); (2) preventing the 
penetration of the virus into the body cells by 
preventing the contact of the virus with the an-
giotensin-converting enzyme ACE-2 due to the 
blocking of SH groups of protein disulfi de isom-
erase, glycoprotein spikes of SARS-CoV-2 [36, 
30], and (3) the «electrical» way — blocking the 
electrostatic interaction of peplomers virus and 
ACE-2 cell receptors, in particular, the use of 
zinc and selenium in ultra-low oxidation states 
(Zn+1, Se-2) [12, 13]. It was concluded that zinc 
in the form of citrate and organic forms of sele-
nium are most eff ective against the SARS-CoV-2 
virus [44, 51, 52]. It has been established that 
zinc and selenium compounds obtained by in-
novative nanotechnology are promising for this 
purpose: zinc citrate (a fi ve-membered complex 
of zinc with citric acid) and monoseleniumcitric 
acid [46—49].

Conclusions. It is arguable that trace ele-
ments zinc and selenium play a signifi cant role 
in the prevention and adjuvant therapy of CO-
VID-19 due to both their immunity-stimulating 
eff ect and direct antiviral action against SARS-
CoV-2. Th e use of zinc and selenium in the form 
of pharmaceuticals and dietary supplements as 
an adjunctive therapy to limit the progression of 
SARS-CoV-2 in patients, as well as for uninfect-
ed people from risk groups during the spread of 
COVID-19 is promising.
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МІКРОЕЛЕМЕНТИ ЦИНК ТА СЕЛЕН: ЗНАЧЕННЯ В УМОВАХ ПАНДЕМІЇ COVID-19

В умовах тривалої пандемії COVID-19, коли багато питань щодо стратегій профілактики та лікування за-
лишаються невирішеними і йде пошук найкращих противірусних засобів, слід звернути увагу на роль мі-
кроелементів цинку і селену в підвищенні опірності організму до вірусних інфекцій та їхньої прямої проти-
вірусної активності щодо SARS-CоV-2. Експериментальні дані показують, що мікроелементи цинк і селен не 
тільки проявляють себе як регулятори імунної відповіді на всіх рівнях гуморального і клітинного імунітету, 
але й можуть відігравати значну роль у анд’ювантній терапії при вірусних захворюваннях. Це особливо 
актуально при СOVID-19. Дослідження прямої противірусної дії цих мікроелементів свідчать про три її 
основні шляхи до SARS-CоV-2: I — протидія реплікації вірусу та його транскрипції через: а) ковалентний 
зв’язок їх з SH-групою цистеїну основної протеази вірусу М(Рro), б) пригнічення цинком активності його 
РНК-полімерази; II — недопущення проникнення вірусу у клітини за рахунок блокування цими мікроеле-
ментами SH-груп протеїндисульфідізомерази (РДІ) білка його шипів (пепломерів); III — зниження адсорб-
ційної здатності вірусу внаслідок блокування цими елементами у наднизьких ступенях окиснення (Zn+1, 
Se-2) електростатичної взаємодії пепломерів SARS-CoV-2 і ангіотензин-перетворюючого ферменту (АСЕ-2). 
Інтенсивність противірусної дії цих мікроелементів може залежати від їхньої хімічної форми. Встановлено, 
що більшу інтенсивність дії та високу хімічну чистоту мають цитрат цинку (п’ятичленний комплекс цинку 
з лимонною кислотою) і моноселенлимонна кислота, отримані за допомогою нанотехнології. Враховуючи 
імуностимулюючу та пряму противірусну дію цинку і селену, їх використання у вигляді фармпрепаратів та 
дієтичних добавок слід розглядати як допоміжну терапію при SARS-CoV-2 у хворих або як профілактичну 
стратегію для неінфікованих людей із груп ризику під час поширення COVID-19.
Ключові слова: мікроелементи, цинк, селен, COVID-19, SARS-CoV-2, імунітет, противірусна дія, цитрат 
цинку, моноселенлимонна кислота.


