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Is a healthy microbiome responsible for lower mortality in COVID-19?
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Abstract
The novel severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) is the cause of an ongoing pandemic with significant
case fatality ratio (CFR) worldwide. Although SARS-CoV-2 primarily causes respiratory infection by binding to ACE2 receptors
present on alveolar epithelial cells, studies have been published linking the disease to the small intestine enterocytes and its
microbiome. Dysbiosis of microbiome, mainly intestinal and lung, can affect the course of the disease. Environmental factors,
such as reduced intake of commensal bacteria from the environment or their products in the diet, play an important role in
microbiome formation, which can significantly affect the immune response. In elderly, obese or chronically ill people, the
microbiota is often damaged. Therefore, we speculate that a good microbiome may be one of the factors responsible for lower
CFR from the coronavirus disease 2019 (COVID-19). An approach using tailored nutrition and supplements known to improve
the intestinal microbiota and its immune function might help minimize the impact of the disease at least on people at higher risk
from coronavirus.

Abbreviations
ARDS Acute respiratory distress syndrome
COPD Chronic obstructive pulmonary disease
COVID-19 The coronavirus disease 2019
CFR Case fatality ratio
LAB Lactic acid bacteria
LPS Lipopolysaccharides
SARS-CoV-2 Severe acute respiratory

syndrome Coronavirus 2
SCFAs Short-chain fatty acids

Introduction to coronavirus biology

The new SARS-CoV-2 virus (severe acute respiratory syn-
drome Coronavirus 2) belongs to the subfamily
Coronavirinae (order Nidovirales, family Coronaviridae),

which includes a diverse group of similar viruses of medical
and veterinary importance. Coronaviruses (CoVs) are
enveloped, positive-sense RNA viruses that contain the largest
known RNA genomes with a length of up to 32 kb. This
subfamily is divided into four genera: alpha-, beta-, gamma-
and delta-coronavirus (α-, β-, γ- and δ-CoV). The first two
families include species capable of causing disease in humans.
The α-coronavirus class includes two viruses, HCoV-NL63
and HCoV-229E, while the β-coronavirus class includes two
other viruses, HCoV-OC43 and HCoV-HKU1. These four
common HCoV viruses generally cause mild upper respirato-
ry tract disease and contribute to 15–30% of colds in adults.
Severe and life-threatening lower respiratory tract infections
such as pneumonia and / or bronchitis caused by α-
coronavirus HCoV-NL-63 and β-coronavirus HCoV-HKU1
can sometimes occur in infants, elderly patients or immuno-
compromised patients. However, the β-coronaviruses group
also includes species causing severe disease more often
(SARS-CoV, SARS-CoV-2 and MERS-CoV) (Fig. 1). The
tropism of different coronaviruses varies between the respira-
tory tract and the gastrointestinal tract and has a remarkable
potential for switch (Hulswit et al. 2016; Walls et al. 2020).

The coronavirus particle comprises at least four canonical
structural proteins: E (envelope protein), M (membrane pro-
tein), N (nucleocapsid protein) and S (spike protein). Viruses
belonging to theβ-coronavirus lineage also promote expression
of membrane-bound HE (hemagglutinin esterase) protein. The
key protein responsible for viral entry into the host cell is gly-
coprotein S (known as the spike protein). Glycoprotein S has
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two subunits, the N-terminal subunit of S1 which has a receptor
binding domain (RBD) and the C-terminal subunit of S2 which
participates in membrane fusion (Hulswit et al. 2016). The
SARS-CoV-2 glycoprotein S trimer exists in at least two con-
formational states, resulting from the opening of the S1 glyco-
protein subunit at the top of the trimer. In contrast, only closed
glycoprotein S trimers were detected in the four above men-
tioned human-infecting coronaviruses (HCoV-NL63, HCoV-
OC43, HCoV-HKU1 and HCoV-229E).

After the attachment of the virus to angiotensin-
converting enzyme 2 (ACE2), the cell surface receptor,
the C-terminal subunit is released. ACE2 is present in
the lung tissue but also in esophageal and intestinal epi-
thelium (Li et al. 2020). Cellular proteases, such as furin-
like enzymes or transmembrane protease serine 2
(TMPRSS2) are responsible for the cleavage of S protein
in polybasic motif, also known as “priming” (Braun and
Sauter 2019; Coutard et al. 2020; Matsuyama et al. 2020).
The strong polybasic motif is exactly the difference factor
between SARS-CoV (Leu-Arg) and SARS-CoV-2 (Pro-
Arg-Arg-Ala-Arg), allowing the efficient release of the
S2 subunit of the glycoprotein (Fig. 2). Conformation
changes are crucial during fusion. Some coronaviruses
deliver their genomes to the cytosol after their envelopes
fuse with the plasma membrane at the cell surface, where-
as SARS-CoV-2 take advantage of the cell’s endocytic
machinery (Fig. 3) (Valle et al. 2020). The endocytosed
virions are subjected to an activation step in the endo-
some, which is typically mediated by the acidic
endosomal pH, resulting in fusion of the viral and
endosomal membranes and release of the viral genome
into the cytosol. After entering the cell, the viral genome
is released into the cell’s cytoplasm. In the infected cell,

the viral RNA is translated by the host’s replicative appa-
ratus, which generate new viral RNA genomes. Two
polyprotein precursors, pp1a and pp1ab, are translated
from viral mRNA and then are cleaved by two viral pro-
teases, chymotrypsin-like and papain-like, to generate the
16nsps (nsp1 to 16). These proteins play a role in the
formation of the replication and transcription complex.
The last step is the formation of new virions through the
association of N- protein with the neo-synthesized viral
genome. The virions are released by exocytosis (de Wit
et al. 2016; Romano et al. 2020; Valle et al. 2020).

Human coronaviruses are predominantly concomitant
with upper respiratory tract illnesses ranging from mild
to moderate symptoms including common cold. During
their lifetime, most of people may be infected with one
o r mor e o f t h e a fo r emen t i oned seven human
coronaviruses (Killerby et al. 2018). If SARS-CoV-2 in-
fection is symptomatic, symptoms range from mild to se-
vere illness, or even to disease-related death. According to
most authors, symptoms may develop in two days to two
weeks following exposure to the virus. The Wuhan study
found that the mean incubation period is 5.1 days with
97.5% of individuals developing symptoms within
11.5 days of infection (Lauer et al. 2020). Common symp-
toms of the coronavirus disease 2019 (COVID-19) in-
clude fever, muscle pain, fatigue, headache, cough or
shortness of breath, loss of taste or smell, less often any
gastrointestinal symptoms. Frequency of GI symptoms
varied from 3.0% to 39.6%, including diarrhea: 7.5%,
nausea: 4.5%, anorexia: 4.4%, vomiting: 1.3%, abdominal
pain: 0.5%, belching/reflux: 0.3% (Schmulson et al. 2020)
One fifth of hospitalized patients develop significant car-
diovascular morbidity, characterized by troponin rise,

Fig. 1 Overview of currently known spike protein (S-protein) binding
domains for diverse human coronaviruses. Schematic representation of
coronavirus spike proteins drawn to scale. Orange boxes indicate signal
peptides. Blue boxes indicate the N-terminal regions in α- and β-
coronavirus spike proteins, which were mapped based on sequence ho-
mology between viruses within the same genus. Green boxes indicate
known receptor-binding domains (RBD) in the C-terminal region of S1.
Known receptors are indicated in the boxes: APN, aminopeptidase N;

ACE2, angiotensin-converting enzyme 2; O-ac Sia, O-acetylated sialic
acid; DPP4, dipeptidyl peptidase-4. Red boxes indicate transmembrane
domains. Spike proteins are shown for Human CoV NL63 (GB: YP_
003767.1), Human CoV 229E strain inf-1 (GB:NP_073551.1), HCoV-
OC43 strain Paris (GB: AAT84362), HCoV-HKU1 (GB: AAT98580),
SARS-CoV strain Urbani (GB: AAP13441), MERS-CoV strain EMC/
2012 (GB: YP_009047204), SARS-CoV-2 strain (GB: AAP13441)
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tachyarrhythmias and thromboembolic events, which is
strongly associated with mortality risk (Shi et al. 2020;
Guo et al. 2020). There are also reports of acute renal
and liver function impairment during SARS-CoV-2 infec-
tion. The exact mechanism is unclear, but direct viral tox-
icity as well as immune response consequence are possi-
bly involved. Some of the infected individuals may have
some kind of skin manifestation before the other symp-
toms of the viral infection begin, during the acute phase
or even after the patient has already recovered. In the
advanced stage of the disease, severe pneumonia and
acute respiratory distress syndrome (ARDS) can develop
in some patients, which is the leading cause of mortality.
The elderly and obese people and those with underlying
cardiovascular disease, diabetes mellitus, chronic pulmo-
nary disorders or renal disease especially are at risk (Zhou
et al. 2020). Common features of COVID-19 patients re-
quiring hospitalization and intensive care support are se-
vere pneumonia with hypoxic respiratory failure of sub-
acute onset evolving into ARDS, with a clinical picture
characterized by fever, lymphopenia, highly elevated C-
reactive protein, proinflammatory cytokines, serum ferri-
tin, and D-dimers. Histopathological evidence of a prom-
inent pulmonary infiltrate dominated by monocytes and
macrophages, vasculitis, and hypercoagulability is seen
(Felsenstein et al. 2020). In addition, lung fibrosis can

follow. Accumulating evidence suggests that a subgroup
of patients with severe COVID-19 might have a
hyperinflammatory syndrome characterized by a fulmi-
nant and fatal hypercytokinaemia with multiorgan failure.
A c y t o k i n e p r o f i l e r e s e m b l i n g s e c o n d a r y
haemophagocytic lymphohistiocytosis (sHLH) is associat-
ed with COVID-19 disease severity, characterized by in-
creased interleukin (IL)-2, IL-7, granulocyte-colony stim-
ulating factor, interferon-γ-inducible protein 10, mono-
cyte chemoattractant protein 1, macrophage inflammatory
protein 1-α, and tumour necrosis factor-α. Predictors of
fatality included elevated ferritin and IL-6 suggesting that
m o r t a l i t y m i g h t b e d u e t o v i r a l l y d r i v e n
hyperinflammation (Mehta et al. 2020).

It has been reported that the SARS-CoV and SARS-
CoV-2 have similar receptors, especially the receptor-
binding domain (RBD) and the receptor-binding motif
(RBM) in the viral genome (Yin and Wunderink 2018;
Tai et al. 2020). During SARS-CoV infection, the RBM
of the S protein binds to the angiotensin-converting enzyme
2 (ACE2) receptor present in the respiratory epithelium and
alveoli of the lungs, in kidneys and in the intestinal
enterocytes (Phan 2020). Because of the similarity of nu-
cleotide sequences in the RBD binding motifs of both vi-
ruses, SARS-CoV-2 may use the same mechanism as well
(Lu et al. 2020). SARS-CoV-2 binds ACE2 with much

Fig. 2 Schematic illustration of the spike protein of SARS-CoV and
SARS-CoV-2 including functional domains (N-terminal region;
ACE2 - receptor binding domain for angiotensin converting
enzyme 2; FP1 and FP2 (two domains of fusion peptide); HR1
and HR2 (two heptad repeat regions); TD (transmembrane
domain) and proteolytic cleavage sites (S1/S2, S2´). Amino acid

sequences around the two protease recognition sites (red) are
indicated for SARS-S and SARS-2-S (amino acid residues in
black boxes indicate conserved residues; letters in red colour are
positively charged amino acids in cleavage sites). Arrow heads
indicate the cleavage sites
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higher avidity than SARS-CoV, which could be the expla-
nation for the increased transmission rate and its capacity to
affect other species easily (Vellingiri et al. 2020). Once the
virus enters the cell, ACE2 gets cleaved and shed by the
furin protease ADAM17 into the extra membrane space.
Reduced ACE2 has been known to be concomitant with
alveol i injury and increases pulmonary vascular
permeability.

Concurrently, the inflammasome pathway is activated
through various means by ORF3a, ORF8b, E proteins, and
the NF-kB (Nuclear Factor kappa-light-chain-enhancer of ac-
tivated B-cells), leading to the expression of cytokines. This
results in a cytokine storm, further leading to respiratory dis-
tress (Vellingiri et al. 2020). It is not yet clear how SARS-
CoV-2 affects the immune system. Most theories come from
the observations of SARS-CoV pathogenesis. The CD8+ T
cells account for about 80% of total inflammatory cells in
the pulmonary interstitium in SARS-CoV infected patients
and play a critical role in clearing coronaviruses from the
infected cells and inducing immune injury (Maloir et al.
2018). The CD4 + T cells accelerate the production of viral-
specific antibodies by activating T cell-dependent B cells. In
addition, T helper cells produce proinflammatory cytokines
via NF-kB signalling. Proinflammatory cytokines recruit

monocytes and neutrophils to the infection site (Vellingiri
et al. 2020). It is noteworthy that even though the intestinal
epithelia produce much higher levels of ACE2 than bronchial
epithelia, not all patients develop gastrointestinal symptoms
and when they do, symptoms tend to be mild, and some pa-
tients remain SARS-CoV-2 positive in stool samples long
after respiratory specimen became negative (Xiao et al.
2020; Felsenstein et al. 2020).

Diagnostics and therapy

The real-time reverse transcription–polymerase chain re-
action (rRT-PCR) assay is recommended to be used to
diagnose the virus in upper respiratory tract specimens.
If tests are negative using upper respiratory tract speci-
mens despite persistent clinical suspicion, the WHO rec-
ommends retesting using lower respiratory tract speci-
mens, which contain higher viral loads (World Health
Organization WHO 2020). Serological tests can help ex-
amine the ongoing outbreak and retrospectively assess the
extent of the attack or the extent of the outbreak. There
are several chest computed tomography (CT) findings in
COVID-19 pat ients , but not specif ic enough to

Fig. 3 Scheme of SARS-CoV-2 penetration into recipient cells.
ACE 2 is the host cell receptor responsible for mediating infection
by SARS-CoV-2, the novel coronavirus responsible for coronavirus
disease 2019 (COVID-19). Trimeric spike protein on the virion
binds to ACE2 (angiotensin converting enzyme 2), a cell-surface
protein. Furin-like serine proteases (TMPRSS2, PACE, PCSK3)

are responsible for the cleavage of the S-glycoprotein in the
polybasic motif and the subsequent on allowing the fusion protein
(FP1 and FP2) to bind to the membrane. It helps the virion enter the
cells. SARS-CoV-2 has spike protein trimers spontaneously
transitioning from the closed to the open conformation
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discriminate the disease from other severe pulmonary dis-
eases. The distribution of pulmonary lesions on CT in
COVID-19 pneumonia patients is mostly peripheral at
all stages. With the development of the disease, the le-
sions gradually spread from the periphery to the centre.
In most patients, the lesions are present bilaterally, in
multiple lobes (Adair II and Ledermann 2020; Ding
et al. 2020). The chest CT may be useful if applied in
the appropriate clinical context.

Patients with mild COVID-19 without complications are
treated symptomatically with antipyretics and, if needed, with
supplemental oxygen. With the progression of the disease,
fluid replacement therapy may be required and antimicrobial
therapy of possible bacterial co-infection should be consid-
ered, while in severe hypoxemic respiratory failure cases,
the advanced oxygen/ventilatory support either non-invasive
or via endotracheal intubation is necessary. Further disease
progression to the multiple organ failure may require other
advanced organ replacement treatment approaches (World
Health Organization 2020a).

At the moment, the only specific antiviral treatment has
been authorised in the European Union. RNA polymerase
inhibitor remdesivir has been given conditional authorisation
for the treatment of COVID-19 in adults and adolescents from
12 years of age with pneumonia who require supplemental
oxygen (European Medicines Agency 2020). Though
remdesivir is nowadays widely used as a part of the treatment
protocols, effectiveness and safety is to be assessed. There are
multiple other antivirals under investigation. Because viral
replication may be particularly active early in the course of
the disease, antiviral therapy may have the greatest impact
before the illness progresses into the hyperinflammatory state
that can characterize the later stages of disease. In severe and
critical COVID-19 cases, defined as oxygen saturation < 90%
on room air, signs of severe respiratory distress, or meeting the
criteria of ARDS, sepsis or septic shock, systemic corticoste-
roids are recommended for the treatment (World Health
Organization 2020b). In such severe cases, the host immune
response may drive the pathophysiology of disease, so dexa-
methasone, as a corticosteroid with strong anti-inflammatory
and immunosuppressant effect, is commonly used as a part of
the treatment.

Multiple agents that modulate the immune response are
being under investigation in clinical trials as adjunctive
treatments for the management of moderate to critical
COVID-19. These agents include human blood-derived
products (e.g. convalescent plasma obtained from individ-
uals who have recovered from SARS-CoV-2 infection)
and a broad spectrum of immunomodulatory therapies.
Remdesivir, and dexamethasone in advanced stages of
the disease, are commonly used as treatment of severe
COVID-19 in the Czech Republic nowadays, together
with convalescent plasma at some hospitals.

Microbiome as a barrier to virus infection

The human body has many levels of structural organization:
atoms, cells, tissues, organs, and organ systems. With some
exaggeration, the microbiome was deciphered as the last or-
gan of the human body (Baquero and Nombela 2012). The
human microbiome is the community of trillions of microbes
– tiny fauna, fungi, viruses and other living entities – that
inhabit every part of the body. For many millions of years,
the community of microorganisms has evolved along with the
human species. Due to this coevolution of bacteria - eukary-
otic cells, genomic functional complementarity with genetic
reduction could occur. Another view speaks of an association
of different cells that coexist and work together to form a
living consortium, the holobiont (Zilber-Rosenberg and
Rosenberg 2008). In the relationships between members of
the holobiont, it is necessary for the proper homeostasis of
organisms to establish complex interconnections between all
cells. In order for such a complex relationship to work, it is
necessary to create good communication with each other.
Cells and microbes interact both within and between species
to survive in environments that are based on fluctuating pat-
terns of competition and cooperation. To maintain these bal-
ances, cells transmit and receive chemical signals that modu-
late gene expression and cellular functions, transmit biomole-
cules and metabolites that improve the persistence and viabil-
ity of the community, and also activate defence strategies to
control species competing for the same valuable resources
(Caruana andWalper 2020). Among the various types of mol-
ecules that can be used to transmit information, RNA plays a
key role for biological systems, which is the link between the
genome and the proteome. Eukaryotic and prokaryotic cells
can transmit signals via non-coding RNAs using specific
extracellular conveyors that travel to the target cell and can
be converted to a regulatory response by a specialized mo-
lecular apparatus (Leitão et al. 2020). RNAs transcribed
from ultraconserved region (T-UCRs) are highly evolu-
tionarily conserved in many mammalian genomes and
have been found to be important in the pathogenesis of
many diseases (Wang et al. 2018). Bacterial non-coding
RNAs regulate host gene expression and conversely eu-
karyotic miRNAs may regulate bacterial gene expression
(Duval et al. 2016). It has been reported that SARS-CoV-2
replication in a human host is limited by host miRNA de-
fence (Hosseini Rad Sm and AD 2020). Long non-coding
RNA uc.173 promotes renewal of the intestinal mucosa by
inducing degradation of miRNA195 (Xiao et al. 2018) and
has influence on homeostasis of the intestinal epithelial
barrier (Wang et al. 2018). Epitranscriptomic modification
is another level of interaction between commensal bacteria
and their host. N6-methyladenosine (m6A) modification
correlate with variation in the gut microbiota (Jabs et al.
2020). Communication between bacteria - eukaryotic cells
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is on many levels, tight and very complex. In order to
completely interrupt the communication between patho-
genic bacteria and the host in the pathophysiological pro-
cess, it is sometimes necessary to make a drastic change. It
is therefore not surprising that one of the most successful
therapies that has been introduced recently is fecal trans-
plantation (Aas et al. 2003; Polák et al. 2015). As has been
shown, probiotic-based intervention can modulate the
composition of the microbiome so that it can be protected
from viral infect ion (Yitbarek et al . 2018). The
microbiome, the last organ of the human body discovered,
seems to be a prominent factor why the viral infection
usually has little effect on its health and why sometimes
life is at stake.

As noted above, approximately 81% of individuals with
COVID-19 suffer from mild symptoms of the disease
(Weiss and Murdoch 2020) or no symptoms at all (Azkur
et al. 2020). Due to the fact that infectious dose data is missing
up now, we do not have accurate information on whether a
high viral load corresponds to a more severe disease (Liu et al.
2020; He et al. 2020a). A study on influenza virus showed that
the higher is the dose of influenza virus given to healthy vol-
unteers, the worse are their symptoms (Memoli et al. 2015).
However, the viral load alone is not a clear predictor of disease
outcome. Other studies have found that some asymptomatic
patients had similar viral loads as patients with symptoms of
COVID-19 (Lee et al. 2020). Whether a person develops mild
symptoms or pneumonia depends not only on howmuch virus
is in the lungs, but also on the immune response and overall
health (To et al. 2020). Sekine et al. came up with evidence
that T cell responses play an important role in patients with
asymptomatic or very mild forms of the disease. These pa-
tients often inadvertently act as major carriers of the disease.
They showed that many activated/cycling T cells in the acute
phase were functionally replete and specific for SARS-CoV-2
in the absence of detectable circulating antibodies (Sekine
et al. 2020). The resulting image is thus further complicated.
Why, in many cases, a T cell response is sufficient to stop the
infection, and sometimes a complete immune response is not
enough? Leaving aside transient factors of indisposition, such
as exhaustion, extreme stress or colds, we can say that good
human fitness influences the immune system. An important
player that significantly affects the immune system is the com-
position of the microbiota. The microbiota plays a fundamen-
tal role in the induction, training and function of the host
immune system (Belkaid and Hand 2014). Chronic diseases
that are caused by poor condition of people, such as diabetes,
heart disease, stroke, respiratory diseases, but also old age or
obesity, are associated with a change in the composition of
microbiota (Hand et al. 2016). The causal link between the
disease and the composition of the microbiota remains an
issue - whether a change in the microbiota allows the disease
to develop or the disease causes a change in the microbiota.

Maybe the relationship is two-way. Numerous byproducts of
host inflammation are growth factors for pathogenic bacteria
(Huffnagle et al. 2017). For a pathogen to succeed, it must
exchange its hostile environment for a favourable environ-
ment. At some point, the forced change of microbiota (viral
and bacterial infections, antibiotics) will inevitably allow the
pathogen to realize itself. If this logic applies, a forced positive
change (dietary change, use of probiotics, faecal transplanta-
tion) can reverse this unfavourable condition.

The human body is inhabited by a diverse microbial com-
munity, which is interconnected and forms a commensal mi-
crobiota. Interestingly, organs such as the lungs, stomach,
esophagus and intestine, which are most populated by the
microbiota, are embryologically derived from the endoderm
(Wang et al. 2020). It is therefore not surprising that these
developmentally homologous organs are connected together
in the intestinal-lung axis (Fig. 4). Changes of microbiota in
the gut and also in the lungs are connected to the immune
response alterations and disease development (Belkaid and
Hand 2014). For example, chronic obstructive pulmonary dis-
ease (COPD) typically occurs together with chronic diseases
of the gastrointestinal tract. Another example is a higher risk
of allergic airway disease connected to the usage of antibiotics
and alteration in gut microbiota composition (Budden et al.
2017). Several studies proved the connection of orally admin-
istered bacteria and lung function. As an example, there is a
correlation between the presence of probiotic bacteria
Bifidobacterium longum in the gut and decreased incidence
of asthma (Budden et al. 2017). Also, some environmental
factors, such as dietary fibres, lead to similar changes both in
the gut and in the lung microbiota. SCFAs (short-chain fatty
acids) are not beneficial just for enterocytes, but they are also
able to mitigate allergic respiratory diseases. The host receptor
for SCFAs is FFAR2 (free fatty acids receptor 2), which is
coupled with a G protein and is expressed on immune cells
and connected to colitis, arthritis and asthma in the animal
model. This receptor provides a connection between SCFAs
and their beneficial effect on health (Budden et al. 2017).

The upper and lower airways contain an embryologically
similar surface that begins in the mouth and nose and ends in
the lungs or in the case of food ends in the stomach and
intestines. Therefore, it is not surprising that some skin
commensal bacteria protect their host and protection begins
as soon as the virus enters the nose. Supernatants of the
commensal bacterium S. epidermidis significantly
suppressed the infectivity of various influenza viruses. Chen
et al. (2016) identified a giant extracellular matrix-binding
protein (Embp) as the major component involved in the anti-
influenza effect of S. epidermidis (Chen et al. 2016). One of
the antimicrobial peptides, surfactin (a cyclic lipopeptide),
produced by bacterium Bacillus subtilis has been found to
disintegrate enveloped viruses (Fig. 4). Surfactin degrades
not only the lipids of the viral envelope, but also the capsid
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of the virus through the formation of ion channels. Therefore,
it is also effective against many other viruses, such as influen-
za A (strains H1N1 and H3N2), Ebola and Zika. The usage of
B. subtilis peptidoglycans reduces infectivity of CoV viruses
(Johnson et al. 2019). In China, Bacillus subtilis, Bacillus
licheniformis and Bacillus cereus are ingested by adults, in-
fants and newborns to relieve diarrhoea and build healthy
intestinal microbiota. Bacillus strains are considered to effi-
ciently antagonize pathogenic bacteria, while promoting the
growth of Lactobacillus to balance the microbiota, and thus
achieving therapeutic purposes (Yu et al. 2019). Some scep-
tics doubt the ability of probiotic bacteria to settle in the gut.
Very often, the protective effects are provided rather by cel-
lular components than vital bacteria or their metabolites.
Probiotic bacteria Lactobacillus gasseri TMC0356 can pro-
tect mice from influenza virus infection both in the form of a
living and inactivated cell (Kawase et al. 2012).

Microbiota is not only important for the reduction of
pathogenic viruses or bacteria, but also has an effect on
the nutrition of intestinal cells and the regulation of the
immune system. One of the nutrients produced by micro-
biota is butyrate, which upregulates mucus production and
enterocyte proliferation. Changes in microbiota composi-
tion are related to many gastrointestinal (GI) disorders

such as inflammatory bowel disease (IBD), gastritis, pep-
tic ulcer or even cancer. For example, during IBD, there is
a significant decrease in Bacteroidetes and Clostridium,
and an increase in the population of Enterobacterales.
This leads to a reduction of growth of enterocytes because
of a decrease in SCFAs (short-chain fatty acids) produc-
tion and an increase in gut permeability. A mixture of
some bacteria (Bacteroides thetaiotaomicron and
Eubacterium rectale) induces production of mucosal gly-
cans which are utilized by these bacteria, but not by path-
ogens, and this leads to growth suppression of pathogens.
Probiotic bacteria can also modulate behaviour of the mu-
cosal immune response (Galdeano and Perdigón 2006).

Besides nutrition and the ability to reduce the viability of
viruses, some types of microbiota are able to significantly
modulate the immune response. There is evidence of a posi-
tive effect of daily intake of probiotic strains Lactobacillus
rhamnosus GG and Bifidobacterium animalis subsp. lactis
on the response to Streptococcus pneumoniae and
Bordetella pertussis vaccination in infants. The vaccine re-
sponses were at the same levels in both the probiotic and
placebo group but the main difference was in the production
of IL-6, which belongs to the group of proinflammatory cyto-
kines, with the production significantly higher in the placebo

Fig. 4 Principles of functioning of the lung - intestine axis in people with
virus-infected people with a healthy microbiome and in dysbiosis. DCs
promote the activation of various T cell subsets in the mesenteric lymph
nodes (MLNs) and the production of various regulatory cytokines, such
as IL-10, TGF-β, INFγ and IL-6. A healthy intestinal microbiota

maintains homeostatic local immune responses through exposure to
structural ligands, such as lipopolysaccharides (LPS) and secreted metab-
olites such as short-chain fatty acids - SCFA. Invasion of microorganisms
and absorbed metabolites affects circulating lymphocytes and the intesti-
nal microbiota is disrupted, leading to a change in the immune response
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group (Fig. 4) (Sørensen et al. 2019). In particular, interleukin
IL-6 is one of the substances that are significantly elevated in
patients with SARS-CoV-2 disease, especially in the non-
survival group. Suppressing this pro-inflammatory interleukin
could help increase patient survival (Zhou et al. 2020).

At the beginning of the pandemic, Gao and co-workers
surprisingly pointed to a link between the state of the intestinal
microbiome and the severity of the course of COVID-19 (Gao
et al. 2020; Wong et al. 2020). A few months later, after this
text has been sent to the journal Biologia, He et al. published
an article directly designating the intestinal microbiota as a
potential strategy to fight SARS-CoV-2 infection (He et al.
2020b). Although there is no direct clinical evidence that in-
testinal microbiota modulation has a therapeutic role in the
treatment of COVID-19, in the following section, we suggest
that targeting the intestinal microbiota may be a new therapeu-
tic option or at least an adjuvant treatment of choice.

Opinion: A healthy microbiome could be one of the factors
responsible for lower case fatality ratio on COVID-19
patients.

The coronavirus pandemic has different case fatality ratio
(CFR) in different countries (which estimates this proportion
of deaths among identified confirmed cases). Many hypothe-
ses try to explain this phenomenon. Apparently, crucial are the
differences in the methodology of counting disease-related
deaths or the quality and number of people tested. However,
CFR from COVID-19 is not a single-factor issue. The quality
of health care, the age of the afflicted population and the three-
generation social connection in families also play a role. One
of the frequently discussed hypotheses considers the different
practices in vaccination against tuberculosis (Bacillus
Calmette Guérin (BCG) vaccination) as a causal link
(Hegarty et al. 2020). Another theory assumes periodical con-
tact with seasonal coronaviral diseases such as HCoV-NL63,
HCoV-229E, HCoV-OC43 and HCoV-HKU1 as an impor-
tant protective factor to COVID-19 (Aldridge et al. 2020; La
Jolla Institute for Immunology 2020). The immune system
more often exposed to HCoV could be set differently than in
Mediterranean nations. The production of proteins such as
interferon-inducible trans-membrane proteins IFITM3,
PUSL1, TPST1 and WDR33 inhibits the invasion of viruses
into cells and affects the course of the disease (Brass et al.
2009; Almén et al. 2012; Everitt et al. 2012). Schillaci pro-
posed the idea that a linear correlation exists between the
initial growth rate of COVID-19 infection and the average
percentage of R1b Y-DNA haplogroup in different countries.
It has been indicated that if Y-DNA haplogroup R1b does not
play a directly active role, then it certainly plays a passive role
in the spread of SARS-CoV-2 virus (Schillaci 2020).

In addition to these hypotheses, we suggest that the
quality of the intestinal microbiota is involved in the
course of the disease, because it may be more serious in
people suffering from intestinal dysbiosis caused by

chronic diseases, obesity or even old age. Dysbiosis can
be caused by many external factors. One of the factors is
the anxious effort to protect people from pathogenic mi-
croorganisms everywhere and in everything. Unnecessary
overuse of antibiotics and food additives and stabilizers
that keep food fresh for a long time leads to the gradual
extinction of the commensal species present in the human
microbiome in terms of the total number of species present.
Thanks to industrial progress, we live in a hygienically
perfect but almost bacterial-free environment, alone or in
small families without contact with soil and livestock
(Strachan 1989; Round and Mazmanian 2009; Gonzalez
et al. 2011; Hunter 2012; Blum et al. 2019). There are
not enough remaining bacteria to supplement the missing
substances necessary for the gut - postbiotics (SCFAs, vi-
tamins, immunomodulators, enzymes, peptides, etc.).
Therefore, we cannot be surprised that the incidence of
dysbiosis is increasing. In addition, microbial dysbiosis is
associated with many inflammatory diseases, including the
aforementioned diseases such as diabetes, heart disease,
stroke, chronic obstructive pulmonary disease (COPD),
asthma and cystic fibrosis (CF), but old age and obesity,
are also associated with changes in the composition of the
microbiota (Henao-Mejia et al. 2012; Kamada et al. 2013;
Mehal 2013; Carding et al. 2015). Interestingly, obesity is
one of the high-risk factors in COVID-19 disease related to
its more severe course (Dietz and Santos-Burgoa 2020). In
many cases, we are able to partially overcome this low
diversity of symbiotic organisms by including fermented
products in our diet in which essential postbiotics impor-
tant for intestinal health are present. Rye-wheat sourdough
bread, yoghurts and sour dairy products or sauerkraut
(fermented cabbage; sauer in German means acidic, kraut
- cabbage) are daily or frequently used foods in the regular
diet in many countries including the Czech Republic. The
traditional three-stage sourdough, typical of Central
European countries (Austria, Czech Republic, Germany,
Slovak Republic) is prepared before the actual production
of bread from a fermentation culture, which consists of a
natural mixture of yeasts (1 × 107/mL) and lactic acid bac-
teria (1 × 109/mL) together with rye flour and water. In
addition, yoghurts and sour dairy products are becoming
increasingly popular. The predominant organisms in these
starter cultures are lactic acid bacteria (LAB), for example,
Lactococcus lactis, Lactobacillus species, Streptococcus
thermophilus, Bifidobacterium species, and Leuconostoc
species (Chen et al. 2017). Sauerkraut is made by
fermenting cabbage in which the bacteria produce SCFAs
preserving the plant material. This food rich in vitamins
and environmentally stable proteases contains bacteria
such as Lactobacillus lactis and Bacillus cereus (Kotlar
et al. 2012). It may seem exaggerated that fermented foods
would have such an effect on a healthy microbiome.
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However, if we realize that the products of lactobacilli
(postbiotics) are responsible for the positive effect and
the recommended effective daily dose of probiotic micro-
organisms according to the World Gastroenterological
Organization is about 20 billion bacteria (Guarner et al.
2017), then 100 g sourdough bread originally contained
100 billion bacteria in the dough. In the Czech Republic,
the daily consumption of bread per capita is 100 g, yoghurt
and sour milk products 40 g and sauerkraut 4 g. You could
say that thanks to the bread, we have enough postbiotics to
maintain the balance of the microbiome. It’s not that sim-
ple because not all people consume sourdough bread and
also the popularity of the bread from frozen semi-finished
products is growing, where there are more additives with
antimicrobial effect than products of lactic acid bacteria.
Whether there is an association between the good condi-
tion of the microbiome and the severity of COVID-19
needs to be investigated. Statistics of celiac disease, which
is an autoimmune disease dependent on the condition of
the intestine, confirmed that the Czech Republic had lower
incidence rates (0.19%) than the world average (1–1.2%)
(Hoffmanová 2019). Non conscious approach to
microbiome care in the form of daily supplementation of
postbiotics in the form of sourdough bread, yoghurt, sau-
erkraut, and other fermented foods may explain this epide-
miologically significant difference during the course of the
disease (across countries). This could explain why case
fatality ratio from COVID-19 is relatively lower in the
Czech Republic than in other European countries.

In conclusion, the new coronavirus SARS-CoV-2 causes pri-
marily a respiratory infection, while tropism also affects the in-
testine. As a result, intestinal microbiome dysbiosis, which often
occurs in the elderly, obese people and those with underlying
chronic disease may be responsible for higher case fatality ratio
(CFR). Microbiome, the last discovered organ of the human
body seems to be a significant factor that plays a major role in
the COVID-19 epidemic. An unconscious approach to
microbiome care in the form of daily supplementation of
postbiotics in the form of fermented foods may explain this ep-
idemiologically significant difference in the course of the disease.
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