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THE ROLE OF INTESTINAL MICROBIOTA 
AND ITS RECOVERY IN COVID-19
Today, during the SARS-CoV-2 pandemic, when there are no clear therapeutic strategies for prevention and treatment, 

attention should be paid to alternative treatments, which may include the use of bacteria-therapeutic drugs based on 

probiotic microorganisms, i.e. representatives of the host normobiota. Experimental data show that changes in immune 

balance in patients with SARS-CoV-2 may be mediated by corresponding changes in the host intestinal microbiota. 

Th is statement is especially signifi cant for the elderly, whose intestinal biota is less diverse. Especially the number of 

useful representatives decreases, which leads to greater sensitivity of the older generation to SARS-CoV-2. Th e compo-

sition and function of the intestinal microbiota may be a potential biological mechanism responsible for the diversity 

of susceptibility of diff erent groups of people to SARS-CoV-2. A bidirectional connection along the intestine-lung axis 

due to soluble microbial metabolites transported by the bloodstream is shown. Th e intestinal microbiota produces 

many diff using metabolites with immunomodulatory properties. Given the potential benefi cial eff ects of bacteriothera-

peutic drugs and functional foods enriched with probiotic microbiota during respiratory viral infection, their use as 

therapeutic agents during SARS-CoV-2 infection can be considered. Since the microbiota can be maintained using ad-

equate, safe, and relatively inexpensive bacteriotherapeutic drugs (pro-, pre-, para-, post-, synbiotics, immunobiotics, 

functional foods enriched with probiotic microorganisms, etc.), their use should be considered as adjunctive therapy 

to limit SARS-CoV-2 progression in infected patients or as a prophylactic strategy for uninfected people at risk during 

the expansion of SARS-CoV-2.
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In today’s reality, searching for and developing 
various approaches to the prevention, treatment, 
and alleviation of the disease that caused the 
global pandemic — SARS-CoV-2 — are issues of 
great importance and priority.

Current studies on the composition and func-
tions of the human microbiome (a community 
of all microorganisms inhabiting the body) cause 
interest in the use and development of products 
based on probiotic microorganisms to prevent 
coronavirus infection. However, the issue of the 
properties of probiotic microorganisms that are 
necessary for the prevention or treatment of this 
particular pathology remains open. Many stud-
ies demonstrated that the use of probiotics for 
the prevention and treatment of coronavirus in-
fection could be eff ective [1—4].

Th e key points of SARS-CoV-2 entrance into 
the human body are receptors expressed on the 
cell membranes of the lungs and small intestine. 
Th e coronavirus is thought to constantly change 
its patterns to bind to cell receptors in the lungs; 
however, the receptors for virus binding to cells 
in the small intestine remain unchanged. It was 
experimentally proven that in the acute phase of 
COVID-19, only 10% of patients have the DNA 
complementary to the virus DNA in their blood; 
meanwhile, in almost 50% of patients, the DNA 
is found in fecal samples. Th us, the intestine can 
be a kind of reservoir for virus replication, which 
is due not only to the fecal-oral route but also to 
a wide range of viral load and the severity of the 
immune response in the same patient during the 
disease [4, 5].

Intestinal microbiota is known to perform 
an immunoregulatory function, the eff ects of 
which go beyond the gastrointestinal tract, af-
fecting, among others, the lung immune system 
and forming the microbiota-intestine-lungs axis. 
Th at is why qualitative and quantitative chang-
es in the intestinal microbiota composition are 
closely related to changes in the regulation of the 
immune response in the lungs [5]. Th e micro-
biota composition of patients with the lethal out-

come of COVID-19 was studied by fecal samples 
sequencing. A signifi cant decrease in the level 
of the main genera of symbiotic bacteria such 
as Bifi dobacterium and Lactobacillus was found, 
as well as an increase in the number of opportu-
nistic bacteria, especially representatives of Co-
rynebacterium and Ruthenibacterium genera. It 
was suggested that changes in the intestinal mi-
crobiota composition posed an additional risk 
of immune and respiratory disorders caused by 
COVID-19 in these patients [6, 7].

Immunoregulatory properties are character-
istic of many probiotic strains, especially typical 
representatives of probiotic microorganisms of 
Bifi dobacterium and Lactobacillus genera. It is 
known that immunobiotics (a variety of probi-
otics, the main mechanism of action of which 
is associated with immunomodulatory proper-
ties) aff ect both innate and adaptive immunity. 
Th erefore, they can be used to prevent many in-
fectious (e.g. clostridial infection) and allergic 
forms of bronchial asthma or atopic dermatitis 
diseases. Italian scientists showed that probiot-
ics can be useful in the treatment of COVID-19 
owing to their immunoregulatory properties. 
Also, it was shown experimentally that oral ad-
ministration of probiotics reduced the risk of 
death from pneumonia caused by COVID-19 
by 20% [1, 3].

Probiotic products are able to block the at-
tachment of the virus also through the process 
of competition for certain adhesion points.

Th e role of intestinal microbiome in 
COVID-19. Each person has a unique qualita-
tive and quantitative composition of bacteria in 
the intestine — the normal microbiota (normo-
biota) — which plays a variety of physiological 
roles, in particular in the modulation of the im-
mune response [8, 9].

It was experimentally shown that the intesti-
nal microbiome can play an important role in the 
body’s fi ght against coronavirus infection and the 
prevention of severe course of COVID-19 disease 
[2, 10—12].
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Th e composition of the intestinal microbiota 
of patients with COVID-19 correlates with the 
concentration of some cytokines, chemokines, 
and markers of infl ammation in plasma. Th is 
indicates that intestinal microbiota plays a lead-
ing role in the modulation of the host’s immune 
response and potentially aff ects disease severity 
and the recovery process. Microbial imbalances 
are found to be also associated with higher levels 
of cytokines, small molecules which are a natu-
ral part of the immune response but can lead to 
damage if not properly regulated [8, 9, 13].

In particular, a critical decrease in the quan-
titative composition of several species of bac-
teria in the intestinal normobiota in patients 
with COVID-19 is associated with an increase 
in the concentration of many cytokines [tumor 
necrosis factor-α (TNF-α), CXCL10, CCL2, and 
interleukin-10 (IL-10)], indicating that these 
microorganisms may play a role in preventing 
over-aggressive infl ammation. Such representa-
tives of intestinal commensals, the number of 
which is signifi cantly reduced in patients with 
COVID-19, include Bifi dobacterium adolescen-
tis, Faecalibacterium prausnitzii, Eubacterium 
rectale, Ruminococcus obeum, and Dorea formi-
cigenerans. For example, F. prausnitzii stimu-
lates the production of regulatory colon T-cells 
in humans, which secrete the anti-infl amma-
tory cytokine IL-10. A high relative amount 
of E. rectale in the intestine is associated with 
a decrease in the infl ammatory process in Al-
zheimer’s disease, while B. adolescentis is able 
to suppress the activation of nuclear factor κB, 
which promotes the expression of proinfl am-
matory cytokines [13].

Laboratory studies show that people with CO-
VID-19 have a signifi cantly altered microbiome 
composition. People with a poorly function-
ing intestine are more likely to develop a severe 
course of COVID-19 because the violation of the 
qualitative and quantitative composition of the 
microbiota facilitates the infection of cells of the 
gastrointestinal tract with coronavirus.

In an experimental study, patients with CO-
VID-19 were shown to have a reduced quantita-
tive composition of some intestinal bacteria spe-
cies, which is known to alter the human immune 
response. Changes in the bacterial composition 
were observed for at least a month aft er recovery, 
which indicates the association of dysbiotic in-
testinal microbiome with immune health issues 
aft er COVID-19 [2, 8, 10—12].

Intestine-lungs-brain axis. Being in direct 
antagonism with pathogenic bacteria, probiot-
ics enhance the immune status of the body and 
the barrier function of the mucous membrane 
as well as inhibit bacterial adhesion and inva-
sion of the intestinal epithelium. Th e intestine-
lungs axis is involved in an infectious process 
caused by pathogenic bacteria and viruses, as 
the intestinal microbiota enhances the activity 
of alveolar macrophages, in this way protecting 
the host from pneumonia. Th e existence of the 
intestine-lungs-brain axis through communica-
tion mediated by a complex of neural, immu-
nological, and neuroendocrine connections is 
experimentally proven.

Pattern recognition receptors (PRRs) are es-
sential for the development of innate immune 
response. Probiotics regulate innate immune 
cells through interactions between cell wall 
components or metabolites with the PRR of the 
host. However, probiotic bacteria activate den-
dritic cells (DC) and macrophages and enhance 
the adaptive immune response. PRR expression 
breaks out in the lung cells during infl ammato-
ry processes. Th e most studied PRR for patho-
gen recognition are Toll-like receptors (TLRs), 
which are membrane glycoproteins. Th e appear-
ance of TLR4 signaling molecules in pulmonary 
stromal cells is critical in the infl ammatory pro-
cess of the airways. However, it is probiotics that 
can reduce infl ammation by limiting the expres-
sion of TLR4 [14].

Th e biological role of intestinal microbiota 
and its eff ect on lung diseases (asthma, chronic 
obstructive pulmonary disease, chronic bron-
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chitis, emphysema, lung cancer, pneumonia, 
viral and bacterial infections) is experimentally 
proven. Viral infections of the respiratory tract 
cause disorders of the intestinal microbiota [10]. 
A study in China confi rmed that SARS-CoV-2 
infection aff ects the balance of physiological 
intestinal normobiota, especially the reduction 
in the number of Bifi dobacterium and Lactoba-
cillus genera [7]. Another study has shown that 
the share of COVID-19 patients with antibiotic-
associated diarrhea was 36% [15]. Th ese studies 
indicate an urgent need to maintain the balance 
of normobiota in patients with COVID-19.

Intestine-lungs axis and COVID-19. Th e in-
testine and the lungs are compartments of the 
host’s body, populated by microbiota; however, 
the lungs, unlike the intestine, contain much less 
normobiota. Th ere is a two-way connection be-
tween lungs and intestine, i.e., there is an intes-
tine-lungs axis. It is believed that infl ammation 
in the gastrointestinal tract leads to pneumonia 
due to this connection. One of the mechanisms 
of bidirectional interaction between the lungs 
and intestinal microbiota is that increase in the 
permeability of the gastrointestinal tract can 
lead to the migration of intestinal microbiota 
into the lungs, modulating their normobiota and 
the corresponding immune responses. In addi-
tion, representatives of the intestinal microbiota 
and their metabolites (lipopolysaccharides or 
short-chain fatty acids) are also involved in this 
bidirectional interaction. It was suggested that 
COVID-19 may disrupt the lung microbiota, 
modulate the intestinal normobiota, and, as a 
consequence, lead to gastrointestinal symptoms. 
In addition, the symptoms of gastrointestinal 
disease associated with COVID-19 may be due 
to the same embryonic origin of the gastrointes-
tinal and respiratory tracts. So, they are structur-
ally similar and interact equally in physiological 
and pathological conditions [16, 17].

Th e intestinal microbiota regulates the im-
munity balance not only in the intestine but also 
in other organs. Changes in the intestinal nor-

mobiota can lead to respiratory diseases [4]. Th e 
researchers concluded that the administration of 
probiotics (intranasally or orally) increases im-
munity and reduces the level of the virus in the 
lungs. Th is supports communication between 
the intestine and the lungs [11].

Oral administration of probiotics during a 
viral lung infection can prevent the develop-
ment of intestinal infection and dysbiosis. Th is 
approach helps to fi ght viral lung infections by 
reducing infl ammation or acting directly on 
the virus by circulating bacterial metabolites. 
Th e metabolites produced by intestinal bacte-
ria move through the bloodstream to modulate 
the immune response in individual organs. Th ey 
play a key role in the communication between 
intestinal microbiota and lungs.

Th e intestinal microbiota produces a number 
of diff erent metabolites, in particular postbiot-
ics, such as folate, indoles, γ-aminobutyric acid, 
serotonin, secondary bile acids, desaminothyro-
sine, and short-chain fatty acids. Th e main me-
tabolite for use in pulmonary viral infections is 
butyrate; the secondary ones are bile acids and 
desaminothyrosine.

Butyrate, propionate, acetate, etc. are short-
chain fatty acids produced by the intestinal mi-
crobiota from indigestible fi bers. Th ey are able to 
regulate infl ammation in the host and modulate 
immunity against pathogens. Besides immuno-
modulatory properties, butyrate is an important 
source of energy for the proliferation of colon 
cells and supports the barrier function of intes-
tine. Butyrate and propionate help increase the 
level of infl ammatory Ly6C monocytes in the 
lungs during the fl u. Th ese monocytes diff erenti-
ate into activated macrophages that are respon-
sible for reducing neutrophils production. Th e 
decreased level of neutrophils leads to a decrease 
in infl uenza-mediated pulmonary immunopa-
thology [18].

Desaminothyrosine is a metabolite of intesti-
nal normobiota, which is formed in the process 
of the metabolism of fl avonoids. Th ese fl avo-
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noids activate the secretion of type 1 interferon 
and protect against infl uenza by increasing α/β-
interferon receptors, etc. [19].

In the liver, cholesterol is converted into pri-
mary bile acids, which are further degraded by 
intestinal bacteria into secondary bile acids (de-
oxycholic, lithocholic, or ursodeoxycholic), the 
role of which in the anti-infl ammatory action 
has been shown experimentally, especially in the 
innate immune system [20].

It was experimentally proven that probiotics 
based on living cells of L. rhamnosus, Bifi dobacte-
rium sp. as well as inactivated by heating Entero-
coccus faecalis, along with prebiotic compounds 
such as inulin, polysaccharides, and oligosaccha-
rides, play a crucial role in the treatment of viral 
pneumonia. Th ese prebiotics and probiotics help 
to reduce viral load, which leads to increased 
overall survival through activating antiviral cy-
tokines IFN-α, IFN-γ, IL-1β, and IL-12, as well 
as suppressing infl ammatory cytokines IL-6 and 
TNF-α [21].

IL-12 and IL-6 are typical activators of the 
Th 1 and Th 2 immune responses, respectively. In 
severe infl uenza infections, there is a noticeable 
shift  in the polarization of Th  from Th 2 to Th 1 
[22]. However, during treatment with pro- and/
or prebiotics, this infl ammatory-oriented polar-
ization can be reversed by the up-regulation of 
IL-12 and the down-regulation of IL-6.

It was found that pro- and prebiotics can at-
tract Treg cells and increase the concentration 
of IL-10 to achieve an antiviral eff ect, prevent-
ing excessive infl ammatory responses by inhib-
iting the production of infl ammatory cytokines 
TNF-α and IL-6.

Th e intestinal microbiota is able to protect 
against secondary infections caused by entheo-
genic endotoxemia during severe viral pneu-
monia. Th e intestinal mucosal barrier consists 
of mucus, symbiotic microorganisms, and tight 
contacts between intestinal epithelial cells and 
mucosal immune cells and prevents opportunis-
tic infections.

Probiotic therapy is considered to be the op-
timal approach to restoring the barrier function 
of the intestinal mucosa in viral pneumonia. 
Probiotics can bind to TLR-4, the population 
of which increases signifi cantly during therapy 
with a synbiotic complex of inactivated cells L. 
salivarius and fructooligosaccharides. In addi-
tion, probiotics, as well as their metabolic pro-
fi les, including bacteriocins, hydrogen peroxide, 
antimicrobial peptides, and defensins, help to 
modulate local immunity and cause enterocytes 
and goblet cells to secrete mucus, consequently 
strengthening the mucosal barrier over the en-
tire surface [9, 21, 23].

In patients with COVID-19, SARS-CoV-2 
binds its adhesion proteins to angiotensin-con-
verting enzyme 2 (ACE2). ACE2 is highly ex-
pressed in the bronchi and gastrointestinal tract, 
which promotes the penetration and replication 
of viruses [21, 24]. Because invasive binding oc-
curs with ACE2 (located in the intestine), their 
eff ective functioning can be disrupted, poten-
tially leading to changes in the symbiotic micro-
organisms and undermining the intestinal bar-
rier, which in turn leads to the predisposition of 
patients to secondary infections. Encouraging is 
the fact that treatment with pro- and prebiotics 
is included as adjuvant therapy for critically ill 
patients to prevent secondary infections in the 
fourth trial version of the COVID-19 Diagno-
sis and Treatment Plan of the National Health 
Commission of China [25].

In this fashion, rational pre- and probiotic 
therapy can limit infl ammatory reactions, stim-
ulate both innate and adaptive cellular immunity 
to protect against viral attacks and prevent sec-
ondary infections.

Reduction of “cytokine storm” in COVID-19 
with the aid of probiotic products. Cytokine 
storm is an aggressive infl ammatory reaction that 
occurs in some COVID-19 patients and is caused 
by the production of a large number of pro-in-
fl ammatory cytokines [6]. Th is phenomenon can 
damage the lungs, gastrointestinal tract, liver, 
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kidneys, microcirculation, and eyes. Scientifi c 
studies prove that probiotics can regulate func-
tional immune cells, mucosal cells, and epithelial 
cells of the human intestinal tract. Probiotics play 
a functional role in restoring and maintaining a 
complete balance between necessary and unnec-
essary mechanisms, taking into account all im-
mune responses (innate and adaptive) [26].

Regulation of the immune response by probi-
otics is always carried out by the implementation 
of their biological interactions with the follow-
ing formations:

■ epithelial cells of the intestinal tract;
■ dendritic cells;
■ follicle-associated epithelial cells;
■ macrophages;
■ T- and B-lymphocytes;
■ gene expression;
■ signal paths [9, 23].
In case vaccination is not possible, the best ap-

proach to fi ght SARS-CoV-2 infection is to im-
prove the immune system using bacteriothera-
peutic products of diff erent types and generations 
(probiotics, prebiotics, synbiotics, parabiotics 
(dead or inactivated probiotics), postbiotics (ben-
efi cial metabolites of probiotic microorganisms), 
symbiotics, immunobiotics, etc.), which can 
minimize the infl ammatory process caused by 
COVID-19 [2]. Immune benefi ts of probiotics in 
the COVID-19 treatment may be associated with 
the development of mucosal immunity by stimu-
lating the secretion of immunoglobulin A (IgA), 
improving the biological functions of phagocy-
tosis, macrophages, and regulatory cells. In ad-
dition, probiotics and some nutrients (vitamins, 
trace elements, and nutraceuticals) may enhance 
immune function and aff ect the obstruction and 
management of SARS-CoV-2 viral infection [27].

Potential mechanisms of probiotics’ action 
in the prevention of COVID-19. Th e following 
main mechanisms of COVID-19 prevention by 
probiotics have been experimentally proven:

■ improving the intestine epithelial barrier;
■ competition with pathogens for nutrients;

■ attachment to the intestine epithelial wall;
■ production of antipathogenic elements;
■ strengthening of the host immune system [1, 

3, 4, 13—17, 26, 28].
Intestinal microbiota signifi cantly aff ects the 

host’s systemic immune response and the im-
mune responses of nearby areas of the mucosa, 
such as the lungs. Th e use of certain strains of 
bifi dobacteria and lactobacilli can have a posi-
tive eff ect on the removal of the infl uenza virus 
from the respiratory tract.

Some probiotic strains can raise the level of 
fi rst-type interferon, as a result of increasing the 
number and function of antigen-presenting cells, 
natural killer cells, and T-cells, as well as a re-
sult of increasing the level of certain antibodies. 
Probiotic strains are able to increase the stabil-
ity of pro-infl ammatory and immunoregulatory 
cytokines, which help to get rid of viruses. Such 
strains may be promising for the prevention of 
acute respiratory distress syndrome, which is 
the main obstacle to COVID-19 [17]. Probiotic 
strains are able to strengthen bottlenecks, for 
example, they can act as fuel for colonocytes, 
which can reduce the invasion of SARS-CoV-2 
by increasing the level of butyrate. Probiotic 
strains have antiviral properties. However, none 
of these mechanisms and eff ects have been con-
fi rmed for COVID-19. Nevertheless, the use of 
antiviral properties of probiotics against COV-
ID-19 should not be abandoned, as far as posi-
tive results of their antiviral activity against other 
coronavirus strains have been obtained. More-
over, patients with COVID-19 very oft en suff er 
from secondary bacterial infections [23].

Hence, it can be concluded that the intestinal 
microbiome may play a key role in the severity of 
COVID-19, possibly through modulation of the 
host immune response.

However, the composition of the intestinal 
microbiota is very heterogeneous in the human 
population. Moreover, changes in the microbio-
ta composition in patients with COVID-19 may 
diff er over the biogeographical locations of pa-
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tients. Nevertheless, studies of changes in intes-
tinal microbiota in combination with immune 
dysregulation revealed that intestinal microor-
ganisms are likely to be involved in modulating 
host infl ammatory responses during COVID-19.

Th us, the intestinal microbiota can aff ect the im-
mune response, thereby infl uencing disease pro-
gression. Both overactive and insuffi  cient immune 
response may be associated with intestinal micro-
biota status, which can lead to serious clinical CO-
VID-19 complications. Accordingly, the unhealthy 
status of the microbiota may be a risk factor.

Since the microbiota can be maintained by 
using adequate, safe, and relatively inexpensive 
probiotics (pro-, pre-, post-, para-, synbiot-
ics, immunobiotics, functional foods enriched 
with probiotic microorganisms, etc.), their use 
should be considered as an adjunct treatment to 
limit the progression of COVID-19 in infected 
patients, or as a prophylactic strategy for un-
infected people at risk during the expansion of 
COVID-19 or secondary-tertiary waves [1, 3, 4, 
8, 9, 13—17, 21, 26, 28—31].

Diet, environmental factors, and genetics play 
an important role in the formation of intestinal mi-
crobiota which can aff ect immunity. In the elderly, 

the diversity of intestinal microbiota decreases; 
therefore COVID-19 mainly leads to death in el-
derly patients. Th is fact again is indicating the role 
of intestinal microbiota in this disease. Improving 
the intestine microbiota profi le through the use of 
probiotics, especially immunobiotics, individual 
nutrition, and supplements enriched with probi-
otic microorganisms that are known to improve 
immunity, may be one of the prophylactic ways to 
minimize the eff ects of this disease in the elderly 
and patients with immune risk.

Promising are new tests of the effi  ciency of 
personalized functional foods, including the use 
of prebiotics, probiotics, immunobiotics, etc., 
along with current methods of treatments.

Conclusions. Determination of the potential 
role that intestinal normal microfl ora plays in 
the pathogenesis of COVID-19 may allow the 
use of a microbiome risk profi le to identify in-
dividuals at risk of severe disease or infl amma-
tion. Along with this, a rational combination of 
probiotic products, prebiotic compounds, and 
functional foods enriched with probiotic micro-
organisms, together with up-to-date methods of 
treatment can signifi cantly improve and acceler-
ate the recovery of patients with COVID-19.
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РОЛЬ КИШКОВОГО МІКРОБІОМА ТА ЙОГО ВІДНОВЛЕННЯ ПРИ COVID-19

Сьогодні, під час пандемії, викликаної вірусом SARS-CoV-2, коли немає чітких терапевтичних стратегій 
профілактики та лікування, слід звернути увагу на альтернативні методи терапії, які можуть включати в 
себе використання бактеріотерапевтичних препаратів на основі пробіотичних мікроорганізмів — пред-
ставників нормобіоти господаря. Експериментальні дані показують, що зміни імунного балансу у пацієнтів 
із SARS-CoV-2 можуть бути опосередковані відповідними змінами мікробіоти кишківника господаря. Це 
твердження особливо актуальне для людей похилого віку, у яких кишкова біота менш різноманітна, осо-
бливо зменшується кількість її корисних представників, що призводить до більшої чутливості старшого 
покоління до SARS-CoV-2. Склад та функція кишкової мікробіоти можуть бути потенційним біологічним 
механізмом, відповідальним за різноманітність сприйнятливості різних груп людей до SARS-CoV-2. Пока-
зано двонаправлений зв’язок через вісь кишечник-легені за рахунок розчинних мікробних метаболітів, що 
транспортуються кровотоком. Представники облігатної мікробіоти кишечника продукують безліч дифуз-
них метаболітів з імуномодулювальними властивостями. Враховуючи потенційні позитивні ефекти бакте-
ріотерапевтичних препаратів та функціональних продуктів харчування, збагачених пробіотичними мікро-
організмами, можна розглянути можливість їх використання у якості лікувально-профілактичних засобів 
при інфекції, викликаній SARS-CoV-2. Оскільки мікробіоту можна підтримувати за допомогою адекватних, 
безпечних та відносно недорогих пробіотичних препаратів (про-, пре-, пара-, пост-, синбіотики, імунобі-
отики, функціональні продукти харчування, збагачені пробіотичними мікроорганізмами тощо), викорис-
тання їх слід розглядати як додаткову терапію для обмеження прогресу COVID-19 в інфікованих пацієнтів 
або як профілактичну стратегію для неінфікованих людей, які перебувають у групі ризику під час поширен-
ня SARS-CoV-2.

Ключові слова: мікробіота, пробіотики, мікробіота, SARS-CoV-2, нормобіота, пробіотичні мікроорганізми.


