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TRACE ELEMENTS ZINC AND SELENIUM:
THEIR SIGNIFICANCE IN THE CONDITIONS
OF THE COVID-19 PANDEMIC

Within 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’ 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 significant role in adjuvant therapy
for viral diseases. This is especially relevant in the case of COVID-19. Studies of the direct antiviral effect 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 disulfide 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*land Se2). The intensity of the antiviral action of these trace
elements may depend on their chemical form. It was found that zinc citrate (a five-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 effect 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.
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For more than three years, humanity has been
in the conditions of the COVID-19 pandemic
caused by the SARS-CoV-2 coronavirus. The
world medical community believes that it is
possible to overcome the COVID-19 pandemic
by obtaining collective immunity against the
SARS-CoV-2 coronavirus, provided that more
than 70% of the population has specific 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-
CoV-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-CoV-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 differently.

Despite the fact that scientists all over the
world are fruitfully working on the question of
the origin and structure of the SARS-CoV-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 different among those who have fallen
ill, how effective the immune system is in the
fight against viral infection and what is the role
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of the state of the general immunity of a person
in preventing from COVID-19.

Recently, taking into account that the SARS-
CoV-2 coronavirus mutates very quickly and
this makes it difficult to carry out measures to
prevent and fight against it, scientists suggest
turning to the internal resources of the human
body, namely to its ability to fight 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 affects 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-specific 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-
specific stimulation of immunity in our time, as
this issue requires further detailed study.

Today, the most realistic and affordable mea-
sure for the general population to maintain a
high level of the general non-specific 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
confirmations of its positive effect in the scien-
tific 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]. Thus, 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 deficiency, the
body’s protective cells, such as T-helpers and
T-killers, are synthesized in insufficient 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 a-interferon. These data indicate that
zinc can significantly increase the antiviral resis-
tance of the body in the case of COVID-19 [7].
In addition, it has been shown that Zn*? cations
suppress the activity of the RNA polymerase of
the SARS-CoV-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
effect, but also its direct antiviral effect [9].

These important findings demonstrate that
Zn*? can be considered as a specific 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 HIN1 (swine-origin influenza
A viruses) [10].

Recent studies have shown the effectiveness of
the antiviral activity against SARS-CoV-2 of the
zinc ionophore-chloroquine [11], which increas-
es the intake of zinc into body cells [12]. The au-
thors believe that the increase in the intracellular
concentration of zinc ions by chloroquine may
mediate its antiviral effect. From this point of
view, the intake of zinc without chloroquine can
have the same positive effects without overlaying
the negative ones caused by chloroquine [13].
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Hypothetically, this effect 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 confirm this
hypothesis.

Given the high prevalence of zinc deficiency
worldwide, and according to current estimates,
more than 1.5 billion people on earth are at risk
of zinc deficiency [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 affect 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 flu are more severe with
its deficiency. Thus, mortality from HIV in se-
lenium-deficient regions was 3—5 times higher
than that in regions without selenium deficien-
cy. There is a clear connection between selenium
deficiency 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 nonspecific humoral
and cellular immunity [23, 24]. Therefore, 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 fivefold increase in the survival
of patients (Hubach Province, center of Wuhan),
against the cases with reduced selenium status
(Heilongjiang Province). There is an inverse cor-
relation between the mortality rate from CO-
VID-19 and the level of selenium intake. Sele-
nium-deficient areas are known as the «Chinese
disease belt» [25].

At the same time, selenium deficiency 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 deficiency of selenium in the popula-
tion’s diet [22, 27, 28].

What is the reason for the connection be-
tween selenium deficiency 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. Their
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 determines 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-CoV-2
virus with the receptors of the membranes of the
host cells, protein disulfide isomerase (PDI) ac-
tively participates, and its inhibition makes it
difficult for the virus to penetrate into healthy
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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)*? + Se** >
PDI — S — S — PDI + Se*? [ 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 effect, reducing the formation of
thromboxane. However, the disadvantage of this
inorganic compound is that after administration
it is excreted from the body within 1—2 min [31].

After screening of 10,000 different chemical
compositions, the low-toxic product «Ebselen»,
which is a synthetic molecule of organoselenium
and has anti-inflammatory, antioxidant, and cy-
toprotective properties, was chosen as a specific
agent for the treatment of COVID-19. It exhibits
inhibitory activity against SARS-CoV-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.

The first 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
7Zn*? will act in a similar way, which,, having a
filled 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].

The 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.
The 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 disulfide
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*, 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 pmol 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 effect could be
more pronounced.

The 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]. The 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 definitely worthy of attention.
Zn*!, as well as Se’?, can neutralize the charge
(+) on the receptors of ACE-2 cells. After los-
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ing excess electrons, they turn into Zn*? and
Se™ 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
fight against COVID-19 is very important, but
the effectiveness of the action largely depends
on their chemical form. The 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 difference in the stability of
complexes. Thus, the most active physiological
role in the body is played by that complex, the
stability of which is sufficient for the transport
of the biometal in such a way that it could not
be decomposed under the action of gastric juice,
but is significantly less than the stability of its
compounds in the body. The 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 five-membered complexes with citric acid.
The 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. The stability of zinc complexes
with compounds containing SH-groups is much
higher. Thus, 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 effective and reliable pharma-
ceutical chemist 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
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that the negatively charged zinc citrate complex
([Zn(CH.O,]) in the body will be attracted
to the positively charged ACE-2 receptors and
neutralize them, which will make it difficult 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*?),
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 fight 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 final 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 effectiveness 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

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

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-specific cell receptors. It
is also possible that they modulate intracellular
signaling pathways. This explains the effect of
selenium on HIN1 (swine-origin influenza 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 difficult 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].

Therefore, it can be concluded that trace ele-
ments zinc and selenium play a significant role
in the resistance to COVID-19, due to the stim-
ulation of the host’ immune response and their
direct antiviral effect in SARS-CoV-2. Studies
have shown that zinc regulates the proliferation,
differentiation, 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
a-interferon [7]. There is a practice of using zinc
as a potential means of immune support and
prevention of influenza HIN1 (swine-origin
influenza 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 nonspecific hu-
moral and cellular immunity [20—24]. There
is an inverse correlation between the mortality
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rate from COVID-19 and the level of selenium
intake. Thus, in the case of COVID-19, trace ele-
ments zinc and selenium can significantly affect
the antiviral resistance of the body. Accordingly,
the deficiency 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*?
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 effect [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 effect 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 flu are more severe with its deficiency.
There 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-
ficiency [21, 22, 25, 36]. (moBTOp). At the same
time, the deficiency of selenium in the diet of the
population has a global scale [15—20, 26—28].

The mechanisms of the antiviral action of
these trace elements have been highlighted: (1)
slowing down the replication of the virus in the
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MIKPOEJIEMEHTM IJMHK TA CEJIEH: 3HAYEHHS B YMOBAX ITAHJIEMIT COVID-19

B ymoBax Tpusanoi mangemii COVID-19, xonu 6araTo muTaHb IIOJO CTpATeriil IpodimakTKy Ta TiKyBaHHS 3a-
JIMIIAIOTHCS HeBUPILIeHVMN i Jifie IOIIYK HalKpalX MPOTUBIPYCHUX 3ac06iB, C/Tifl 3BEPHYTH YBary Ha pojb Mi-
KpOEJIeMEHTIB LIMHKY i CelleHy B IiBUIIeHHI OIPHOCTI OpraHiaMy fo BipycHux indexk1in Ta iXHpOI IpsAMOI IpOTH-
BipycHoi akTuBHOCTI 1[070 SARS-CoV-2. ExcriepuMeHTaNbHi JaHi TOKA3YIOTh, 110 MiKpOe/IeMEeHTH IIHK i ce/leH He
TIIBKY TIPOSBJIAIOTH ce6e K pery/sATopy iMyHHOI BifjIOBi/i Ha BCiX piBHAX FyMOpPaIbHOTO i K/TITMHHOTO IMYHITeTY,
aje 71 MOXYTb BiflirpaBaTyi 3HAYHY POJIb y aHI IOBAHTHINl Tepamil mpy BipycHuX 3axBoproBaHH:X. Lle ocobmuBo
akTyanbHo pu COVID-19. JocmimkeHHA NpAMOI IPOTUBIPYCHOI il LIMX MiKpOe/leMeHTIiB CBiff4aTh Impo Tpu ii
ocHOBHI myrsxu 1o SARS-CoV-2: I — mpoTupis perikarii Bipycy Ta Joro TpaHCKpUILII Yepes: a) KOBaJIeHTHUI
3B’s130K 1x 3 SH-rpymolo nucreiny ocHoBHOI npoTeasu Bipycy M(Pro), 6) mpurHideHHs LIMHKOM aKTUBHOCTI iiOro
PHK-nonimepasy; I — HemomyleHHs IPOHMKHEHHA BipyCy y KJIITMHM 3a paXyHOK 6TOKYBaHH: LIIMU MiKpoee-
MeHTamu SH-rpyn npoteinpucynpdinisomepasu (PII) 6inka jioro mmmis (mernomepis); III — sHmxeHHS afcop6-
LilTHOI 3/jaTHOCTI BipyCy BHAC/iJOK 6/I0KYBaHHA LMY €/leMEHTaMM) Y HaJHUSbKMUX CTYIEHsAX OKUCHeHHs (Zn*l,
Se2) enekrpocraTnyHoi B3aemofii nersiomepis SARS-CoV-2 i anrioTensun-nepersopoodoro pepmenty (ACE-2).
[HTeHCHMBHICTb IPOTUBIPYCHOI Ail IIMX MIKpO€/IEMEHTIB MOJXKe 3a/IeXkaTy Bifj ixHboI XiMidHOi popmu. BcranoseHo,
1[0 Oi/BINY IHTEHCUBHICTD Al Ta BUCOKY XIMIYHY YMCTOTY MAIOTh LIUTPAT UMHKY (I ATUYICHHWI KOMITIEKC LITHKY
3 JIVIMOHHOIO KMCJIOTOI0) i MOHOCEe/IeHTMMOHHA KIC/IOTa, OTPYMaHi 3a JJONOMOTOl0 HaHOTeXHOJOTil. Bpaxosyroun
IMYHOCTHMY/IIOI0YY Ta IPSIMY IPOTUBIPYCHY [Ji0 LIMHKY i CelIeHy, IX BUKOPUCTAHHA Y BUIVLAAL papMIpenaparis Ta
RIETMYHUX TOOABOK CIIif pO3I/IAATH SK JOIOMDKHY Tepamito mpu SARS-CoV-2 y xBopux a60 sk mpodinakTuaHy
CTpareriio /s HeiHgiKOBaHUX /MIOfeN i3 rpyn pusKKy mig dac nounpenHs COVID-19.

Kntouosi cnosa: mixpoenemernmu, yumnx, cener, COVID-19, SARS-CoV-2, imynimem, npomusipycna 0isi, yumpam
UYUHKY, MOHOCEIEHIUMOHNA KUCTIOMA.
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