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Abstract

Emerging or re-emerging viral infections significantly affect human health. In recent decades, we have observed the emergence
of new diseases in different geographical areas caused by a large number of highly pathogenic viruses belonging to the families
Filoviridae, Arenaviridae, Bunyaviridae, Paramyxoviridae, Coronaviridae, Flaviviridae, Togaviridae and Hepeviridae. All of
them have a zoonotic origin. Climatic and environmental changes, population mobility, uneven population density, unequal
sanitary conditions, change in animal habitats and anthropophilic vectors have led to increased pressure on the host-pathogen-
environment system. The more we impact on the nature, the more likely we are to disrupt ecosystems and create conditions
for diseases to develop and spread.

Conclusion: The possibility suggested by the last pandemic is that only linking the One health approach to the infectious
spectrum, dietary interventions, factors determining human susceptibility to infections, vaccinations-universal, unrelated and
local, testing platforms for potential pathogens, pre- and probiotics will help us better deal with such challenges. All of them
can help us in developing effective control and protection measures against viral pathogens. Differences in emerging and re-
emerging infections must be considered. Knowing and properly using the negative interactions between viral and bacterial
pathogens and the human microbiota and inhibiting their positive interactions will help us in combining pharmacological, non-
pharmacological and dietary interventions in the personalized treatment of patients with diseases caused by viral pathogens.
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Progression Free Survival; RSV: Respiratory Syncytial Virus;
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SARSCoV: Severe Acute Respiratory Syndrome Coronavirus;
SLAP: Lactobacillus Surface Layer Protein.

Introduction

Emerging or re-emerging viral infections significantly
affect human health. Climatic and environmental changes,
population mobility, uneven population density, unequal
sanitary conditions, change in animal habitats and
anthropophilic vectors have led to increased pressure on
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the host-pathogen-environment system. With the expansion
of equatorial climatic zones to the present subtropical and
temperate climatic zones, pathogens, infectious diseases and
their vectors appear in new territories where we have not
previously encountered the diseases they cause. Currently,
about 55% of the world’s population lives in cities. Half a
century ago, this indicator was only 35%. The more we impact
on the nature, the more likely we are to disrupt ecosystems
and create conditions for diseases to develop. Big cities
provide a new home for wild animals and birds. They inhabit
green spaces and feed on the waste we generate. Wild species
often adapt better in cities than in the wild, because they
find an abundance of food. This creates excellent conditions
for the evolution of diseases. New infections are capable
of spreading rapidly in large cities. There, people gather in
large numbers in one place, breathe the same air, touch the
same surfaces [1,2].

In recent decades, we have observed the emergence of
new diseases in different geographical areas caused by alarge
number of highly pathogenic viruses belonging to the families
Filoviridae, Arenaviridae, Bunyaviridae, Paramyxoviridae,
Coronaviridae, Flaviviridae, Togaviridae and Hepeviridae. All
of them have a zoonotic origin. The COVID-19 pandemic has
caused about 699 million cases and resulted in about 6.958
million deaths worldwide. (12.2023) Coronaviruses belong
to the group of respiratory viruses [3] Prior to the global
COVID-19 pandemic in 2020, coronavirus diseases were
primarily of veterinary interest. Even before that, mankind
faced pandemics caused by viral pathogens. These are:
the “Spanish flu” at the beginning of the twentieth century
(1918-19), which caused about 40 million deaths, the “Asian
flu” in 1957, the “Hong Kong flu” in 1968 with documented
about 3 million deaths, 2002/ 2003 the coronavirus causing
acute respiratory syndrome (SARS-CoV), 2009 the “swine
flu” and in 2013 the “bird flu” (H7N9) and MERS-CoV [4-7].
They are all caused by RNA viruses. Only the second plague
pandemic (1346-1350) caused by Yersinia pestis was more
deadly-killing 30-50% of the population of Afro-Eurasia.
[8,9] The aforementioned pandemics provoke us to conduct
in-depth research on viral pathogens causing emerging and/
or re-emerging infections in the human population.

Zoonoses or diseases of animal origin are diseases
transmitted from animals to humans [10]. They pose a
great threat to human health and life, as animals are often
asymptomatic carriers of pathogens and spread them in the
environmentwith their excreta. Amongrecognized pathogens
causing human disease, about 60% are zoonotic infectious
agents and up to 75% of “emerging” human pathogens. Of
the known viruses that infect humans, about 80% persist in
“non-human reservoirs”, which are most often farm animals
and birds, domestic animals and birds, and to a lesser extent
animals, birds and arthropods in the wild. Of the 1,400
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pathogens that cause disease in humans, 800 are of animal
origin [11,12]. The key to unraveling the emergence and/
or re-emergence of viral pathogens is the host-pathogen-
environment relationship. Modes of transmission include
direct contact, abrasions and skin injuries, bites, through
food, soil and water, and sometimes the same infection can
be transmitted in several ways.Vectors for their transmission
include ticks, fleas, mosquitoes, arthropods and rodents.
Shepherds, farmers, zookeepers, hunters, slaughterhouse
workers and veterinarians are among the most commonly
affected occupations [1,13].

Viral pathogens include DNA and RNA viruses. DNA
viruses are thought to have evolved over millions of years
[3,14]. RNA viruses have adapted to the human population
for about 1000 years. From DNA viruses, 87% have adapted
to humans, while only a small part of RNA viruses have
[15]. The adaptation has occurred through mutations,
rearrangements or gene recombinations, leading to the
formation of stable viral lineages in the human population.
Some of them may circulate asymptomatically, until their
new clinical manifestations are detected [16]. The origin of
most human viruses is unknown, but most can be categorized
as “crowd diseases”, requiring relatively high population
densities to stabilize [1,17]. Over time, some virus species
tend to disappear, while others thrive in their natural hosts.
Most often, new species arise as a result of jumping from
one host to another, crossing the species barrier, with man
is often just an “accidental” host. Only a small part of these
viruses are able to persist in certain human populations
(endemics) or spread between different populations
(epidemics) [18].

The types of macroorganisms in which a given microbial
species can cause infection is referred to as the infectious
spectrum of the respective species. Itis of primary importance
for any emerging or re-emerging viral infection to determine
the infectious spectrum. In some microorganisms it is very
wide. For example, rabies virus causes infections in all
mammals, while mumps virus causes infection and disease
only in humans or has a narrow infectious spectrum.

The development of effective measures for control and
protection against viral pathogens is a serious challenge. It
will enable us to properly combine pharmacological, non-
pharmacological and dietary interventions and control the
risk of developing such diseases. These measures will be
half-hearted if interactions between both circulating viral
and bacterial pathogens and the human microbiota and
genome are not studied and understood. It is important
to determine the type of these interactions - synergistic or
antagonistic, their nature - short-term or long-term, and how
the interaction can change the individual’s susceptibility to
infection and the severity of the course.
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The human microbiota consists of commensal, symbiotic
and pathogenic microorganisms, and their interaction is
the basis of our health and immunity. The interaction/
competition between commensal and potentially pathogenic
bacterial species in the nose and nasopharynx is involved
in the regulation of pathogenic species and host responses.
This is due to the production of antimicrobial peptides
(bacteriocins), which directly inhibit the growth or survival
of the pathogen. The human microbiota is estimated at 39 to
44 billion microbes or about ten times more than the number
of cells in the human body. It performs a barrier function on
the epidermis, mucous membranes, gastrointestinal tract,
lungs and urogenital system. The microbiome is estimated
to have 8 million genes compared to 20 - 25,000 human
genes. At the heart of the pathogenesis of upper and lower
respiratory tract infections is the interaction between
respiratory viruses, bacteria, microbiota and the host’s innate
immune responses. From the respiratory viruses, those that
most often attack the human respiratory tract are: influenza
virus, parainfluenza virus, RSV, adenoviruses, measles virus,
rhinoviruses and coronaviruses [3].

Bacterial pathogens that are most often found in
the respiratory tract are: Streptococcus pneumoniae,
Streptococcus ~ pyogenes,  Haemophilus  influenzae,
Staphylococcus aureus, Neisseria meningitidis,
Mycobacterium tuberculosis, Bordetella pertussis and in
immunocompromised patients Pseudomonas aeruginosa
[19]. The nasal and nasopharyngeal microbiota consist of
various types of aerobicand anaerobic microorganisms. Their
composition is not constant throughout our life and begins
to form immediately after our birth. It is directly dependent
on the environment, the season, socio-economic living
conditions, nutrition, vaccinations, past illnesses, harmful
habits, taking antibiotics and etc. The barrier function
plays an important role in protecting us from infections.
In a healthy microbiota or eubiosis, commensal bacteria
suppress the colonization of opportunistic pathogens.
An example of this is the bacteriocins of Streptococcus
salivarius, which inhibit Streptococcus pneumoniae, and
the bacteriocins of E. coli strains, which inhibit intestinal
enterohemorrhagic E. coli [20-22]. Another observed variant
of inhibition is the colonization of a comparable species
with which the pathogen shares antigens. This is seen with
Neisseria lactamica and Neisseria meningitidis. Proteins on
the membrane and lipooligosaccharide structures are the
antigenic sources for cross-protection [23]. In turn, bacterial
pathogens can have an immunizing effect, stimulating both
our humoral and cellular immune responses [24,25].

The occurrence of dysbiosis of the nasal and
nasopharyngeal microbiota leads to pathogenic overgrowth,
greater susceptibility to infection, and the possibility
of dissemination to the lower respiratory tract and
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gastrointestinal tract. The upper respiratory tract is a
natural habitat for a large number of commensal bacteria.
These include a number of potentially pathogenic bacteria
that colonize these areas without progression to disease,
but when they spread to the lungs or blood, can cause
very serious infections such as meningitis, pneumonia,
and septicemia. The relationship between the bacteria
colonizing the nose and nasopharynx is delicately balanced
and any disturbance leads to the possibility of pathogenic
microorganisms causing disease. Factors that can disturb
this fine balance are: colonization by new species, viral
and bacterial interactions, host-pathogen interaction, prior
antibiotic therapy and environmental changes. Studies in
animal models demonstrate how bacterial species compete
with each other for colonization. This occurs in two ways:
passive inhibition by occupying the same ecological place and
active by directly inhibiting the growth or killing of competing
species. Nasopharyngeal colonization with Streptococcus
pneumoniae protects us from Staphylococcus aureus and
reduction of the microbial count of S. pneumoniae after
pharmacological intervention leads to increased carriage
of S. aureus [26,27]. Lack of microbial colonization in mice
enhances allergic airway inflammation and colonization
with a high number of species protects against inflammation
[28-30]. The very good is not good principle can be seen in
the eradication of all 93 strains of Streptococcus pneumoniae
from the nasopharynx. In this case, the elimination of
competition from S. pneumoniae against other potential
pathogens may cause their overgrowth, leading to an
increased incidence of diseases caused by H. influenzae, S.
aureus, N. meningitidis and M. Catarrhalis [31,32].

Potential viral interactions are important in the context
of elucidating their possible cooperation with some of the
bacterial pathogens of the microbiome. They will allow us to
predict which respiratory diseases may be more severe and
this would help us to better adapt the therapeutic approach
in these patients.The interactions are of three types: a) the
virus potentiates bacterial colonization, b) the proteases
of the respiratory tract bacteria induce structural changes
leading to increased pathogenicity and tissue tropism of the
virus and c) the bacteria enhance viral infection by activating
host proteases [33-36]. The cooperation of viruses and
bacteria can cause respiratory diseases that are more severe
than those caused by either pathogen alone. This is also
due to the fact that the majority of deaths during influenza
epidemics are due to secondary bacterial infections [37-41].

Bacterial colonization of airway surfaces is facilitated
when mucociliary clearance is impaired by a previous viral
attack, butbacterial lunginfectionis more commonin primary
ciliary dyskinesia [42]. RSV has been found to cause loss of
cilia in human bronchial cells in vitro and influenza virus has
been found to cause damage to the ciliated epithelium and
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bronchial epithelial lining [43,44]. A virus-induced change
in the membrane potential of host cells is considered the
most likely reason for the increased bacterial adhesion. Viral
glycoproteins expressed on host cell membranes can serve
as receptors for bacteria. A study shows that hemagglutinin
esterase (HA) of influenza virus on infected MDCK cells
acts as a receptor for group B streptococci. In more recent
studies, the change in glucoconjugate structure of murine
nasopharyngeal mucosa caused by influenza infection is
associated with changes in lectin binding patterns [45,46].
A possible mechanism for adherence of staphylococci to
virus-infected cells in vivo is thought to be that infected cells
may be coated by a viral antibody that serves as a receptor
for staphylococcal protein A. The damage to epithelial
cells in influenza infection virus aids tissue penetration.
Staphylococci seem to attack only those parts that are
damaged by the virus. Damage to the respiratory epithelium
by other viruses may also have a similar effect [47,48].
Viral infection can suppress the host’s defense mechanisms
against bacterial attack-nonspecific humoral factors,
nonspecific phagocytosis by neutrophils and macrophages at
the beginning of the infection and a later immune response
mediated by specific antibody. Influenza virus-induced
polymorphonuclear dysfunction is an important condition
for influenza virus-potentiated secondary pneumococcal
diseases. After interaction with it in human neutrophils
in vitro, reduced chemotaxis and phagocytic activity were
observed when interacting with staphylococci [49]. The
mechanism of reduction of the bactericidal power of
neutrophils and macrophages after influenza virus infection
is expressed in the disruption of lysozyme production by both
types of phagocytes [50,51]. The influenza virus is the most
studied example of a positive cooperation between a virus
and bacteria. Influenza primarily causes upper respiratory
tract infections, but when the lungs are affected it can be fatal
due to pulmonary edema and hemorrhage. However, most
deaths during influenza epidemics are due to secondary
bacterial infections. Much work remains to elucidate the
interaction of influenza viruses with commensal bacteria
colonizing the lower respiratory tract and their likely relation
to fatal complications. Influenza, pneumococcal infection and
meningococcal disease have a seasonal relationship - they
occur in the winter months [2,52-56]. Similar interactions
with Streptococcus pneumoniae are found in RSV and human
parainfluenza virus [52,55,56]. Unlike most respiratory
viruses, human rhinoviruses and seasonal coronaviruses
(HCoV-229E, HCoV-NL63, HCoV-0C43 and HCoV-HKU1)
appear to act independently [57]. Elucidation in SARS-CoV-2
of possible positive cooperation with bacterial pathogens is
pending.

Proteases of respiratory tract bacteria can induce the
cleavage of influenza virus HA and increase the pathogenicity
of the virus in vivo. These are supposed to be staphylokinase,
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streptokinase and others by generating plasmin from
plasminogen. This was first established for the protease of
Staphylococcus aureus and then for those of Streptomyces
griseus and Aerococcus viridans. Cleavage of HA from S.
aureus and A. viridans not only confers virus infectiousness
and replication capacity in vitro, but also increases virus
replication and pathogenicity in mice [34-36,58-60].

During the same annual period, several respiratory
viruses may circulate simultaneously. Cocirculation of
viral pathogens can lead to multiepidemics, such as the
combination of COVID-19, RSV and influenza or a recent
viral infection can induce a refractory period during which
the host is unlikely to be infected by another respiratory
virus. To understand their interactions, it is of paramount
importance to determine whether the viruses share the same
environmental conditions (seasonality) - for example cold
weather. Factors thatwould point us toward viral interference
are: a) the ability of the interfering virus to induce a rapid IFN
response, b) the degree of sensitivity of the second virus to
immune mediators, c) the degree to which different viruses
counteract the induction and antiviral effects of IFN and e)
the virus-induced innate immune response pattern in the
upper and lower respiratory tract [61].

Viruses can simultaneously or sequentially infect the
respiratory tractand cause virus-virusinteraction. Depending
on whether the infection of the first virus will enhance or
weaken the infection and replication of the second virus, we
observe a positive (synergistic) or negative (antagonistic)
interaction. A positive interaction or co-infection leads
to increased disease severity - for example SARS-CoV-2
and the pandemic influenza virus A (pH1N1) pdm09 [62].
The negative virus-virus interaction is homologous and
heterologous depending on whether the viruses belong to the
same or to different families. In the homologous interaction,
presumably cross-reactive immunity against the first virus
prevents infection by the second virus (for example between
different subtypes or lineages of influenza - HIN1, H3N2
and pH1N1). In the heterologous type of interference, the
induction of the nonspecific immune response by the first
virus reduces or prevents the infection and replication of the
second virus (influenza virus A - IAV and RSV) [63-65]. The
likely mechanism of the negative virus-virus interaction is
the induction of transient innate immunity by the interfering
virus. Structural elements of viruses are recognized by
receptors on epithelial and immune cells. Recognition
triggers the expression of interferon (IFN)-stimulating
genes (ISGs) type I (IFN-a/f) and type III (IFN-A). The IFN-
a/B receptor is expressed in most cell types, while IFN -A
is found primarily in epithelial cells of the gastrointestinal
and respiratory tract Secreted IFNs bind to receptors on the
surface of infected and neighboring cells. Viral defense is
expressed in the production of effectors that directly inhibit
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viral replication, as well as chemokines and cytokines [66-
68]. In the 1960s, Voroshilova et al. develop the concept of
viral interference. They suggest that the likely mechanism is
due to the IFN response that provides temporary non-specific
immunity to the host [69]. The live enterovirus vaccines (LEV)
they developed from attenuated enteroviruses are used to
prevent enteric disease due to unrelated enteric pathogens
in children. They found that, in addition to a protective
effect of LEV against pathogenic enteroviruses, particularly
polioviruses, oral administration in children reduced the
detection of some unrelated respiratory viruses—influenza,
parainfluenza virus, RSV, HRV, and human adenovirus. We
will have to answer whether SARS-CoV-2 does not cause
the same effect in the respiratory viruses mentioned above.
This effect suggests the phenomenon of viral interference
[70]. The study of viral interference is also particularly
important in view of the mechanisms used by respiratory
viruses to counteract the induction and antiviral action of
IFN, which may determine the type of virus-virus interaction.
Influenza viruses and SARS-CoV-2 exhibit a wider range
of ways to evade IFN induction and signaling than RSV,
human metapneumovirus (HMPV) and human rhinovirus
(HRV). Blockade and/or reduction of cell surface receptors
and competition for cellular resources are considered
mechanisms of negative virus-virus interaction. Markers
for such an interaction are: expression of neuraminidase
in 293T cells infected with influenza A(H1N1) or A(H3N2),
preventing subsequent infection with retroviruses or second
IAV by removing sialicacid from the cell surface and inhibiting
RSV replication by time of coinfection with IAV in MDCK cells
by competition for viral protein synthesis [71,72]. A positive
virus-virus interaction is the effect of human parainfluenza
virus type 2 to enhance the growth of IAV in Vero cells. Co-
infection can increase the severity of disease by excessive
production of IFN or proinflammatory cytokines or by
reduced secretion of non-inflammatory mediators such as
interleukin (IL) 10 [73]. However, studying interference
types in animal models has a potential limitation because
the immune response against human respiratory viruses
and immune evasion mechanisms in most cases differ. The
introduction of non-pharmacological interventions should
be carefully fine-tuned in order not to lose some natural
allies during epidemics/pandemics as the seasonal viral
circulation changes.

Modern viral molecular testing platforms are highly
accurate, but not infallible. At low virus circulation, the
deficiencies in their specificity and sensitivity increase. The
negative predictive value is higher than the false positive
rate of testing. Samples taken from the nasopharynx
according to various studies have a sensitivity of 88 to
95%. Developed laboratory platforms can test for dozens
of potential pathogens, including bacteria. Rapid NAATs
have the ability to isolate SARS-CoV-2, influenza and RSV.
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These infections are usually difficult to distinguish based
on clinical manifestations alone. Viral coinfection triggers
respiratory bacterial infections in the nasopharynx, causing
dysbiosis. An individual’s susceptibility to infection is usually
associated with high levels of polymicrobial colonization. Our
results allow for easier treatment decision-making, as well as
management of infection control measures in patients with
acute upper respiratory tract diseases.

Factors determining a person’s susceptibility to
infection are: age, sex, health status, diet, exposure to the
pathogen, co-infection, current state of immunity and the
individual’s genome. Using the results obtained from the
research conducted, our knowledge of the interactions of
viral and bacterial pathogens and the microbiota, and the
factors that determine human susceptibility to infection will
allow us to more correctly combine pharmacological, non-
pharmacological and dietary interventions and better treat
such diseases.

Using diet and dietary interventions can give us some
advantages in dealing with infections. Probiotics are defined
by Fuller as live organisms contained in food that, when
ingested, can alter the gut microbiota and stimulate the
immune system after ingestion. These live microorganisms,
taken in sufficient quantity, have a certain benefit for the
health of humans and animals. Separately, they have proven to
be an alternative to antibiotics in poultry farming [74]. They
can be a single strain or a combination of strains, and their
main properties include - acid resistance, strain specificity,
lack of side effects, reduction of pathogenic microbial
numbers and storage viability. Following oral administration
of a mixture of Lactobacillus rhamnosus GG, Bifidobacterium,
Lactobacillus acidophilus and Streptococcus thermophilus,
as well as Lactobacillus plantarum alone, a limitation of nasal
colonization with potential pathogens and a reduction in the
frequency ofupperrespiratorytractinfectionswere observed.
These microorganisms in the gut can enhance local mucosal
immunity by interacting with the gut immune system [75].
The benefit of probiotics for overall health is expressed in
competitive inhibition (competing with pathogenic bacteria
for access to nutrients and limiting their colonization in the
intestine), production of antibacterial substances and organic
acids, antagonism with viral pathogens against their entry
and replication , immunomodulating properties (improving
humoral immunity), improving the absorption of proteins
and minerals, detoxifying metabolites toxic to the kidneys and
regulating the homeostasis of the intestinal microbiota [76-
80] The intestinal microbiota is the largest and the dysbiosis
is associated with various pathologies, including cancer. It
locally and systemically influences the immunomodulating
functions - reduction of inflammation, antitumorogenesis
and suppression of tumor growth, and improvement of
the intestinal barrier. In dysbiosis and carcinogenesis,
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protective immunomodulatory functions are switched off,
which promotes inflammation and uncontrolled tumor
growth. Probiotics affect the composition and activity of the
intestinal microbiota and limit colonization with pathogenic
microorganisms. Possible mechanisms include reduction of
gastrointestinal pH, modulation of the immune system and
production of organic acids. Separately, the improvement
the integrity of the intestinal barrier, the breakdown of
food, synthesis in vitamins, enhanced immunogenicity and
correction of microbial signaling pathways in the cells of the
intestinal epithelium were observed [81].

The genus Lactobacillus is a common inhabitant of the
gastrointestinal tract of humans and animals [82].

The ability of Lactobacillus to adhere to epithelial
surfaces is critical for maintaining persistent colonization in
the mammalian gut and other tissues. Many species of the
genus Lactobacillus possess a surface layer protein (SLAP)
that forms the outermost envelope of the cell. Lactobacillus
acidophilus is well studied. It is one of the strains of the genus
Lactobacillus found in the human gut and due to their probiotic
characteristics are recognized as safe. In the gastrointestinal
tract (GIT), L. acidophilus regularly encounters many antigen
presenting cells, dendritic cells (DC) [83]. These cells express
DC specific ICAM-3 capture protein (DC-SIGN), which is a
cell surface receptor and which is mainly presented on DC. It
recognizes the mannose- and fructoseglycans that are present
on the surfaces of microbes and viruses.

DCs play a very important role in the innate and adaptive
immune response [84]. It has been shown that DC-SIGN can
enhance cellular entry of various viruses such as HIV type
1, hepatitis C, Ebola, Dengue, and SARS [59]. DCs have also
been shown to interact with L. acidophilus. This contact
involves DC-SIGN and the S surface protein layer presented
on the bacterial cell envelope and regulates the induction of a
number of cytokines involved in cellular immune regulation
[85,86]. Li et al. found that Lactobacillus acidophilus S-layer
protein inhibited bacteria-induced apoptosis. Another
member is Lactobacillus delbrueckii subsp. bulgaricus,
which through its surface enzymes (cell surface proteinase
PrtB) mediates adhesion of Lactobacillus to mucin and
human epithelial cells [87]. Lactobacillus bulgaricus is one of
the lactic acid bacteria used in industrial milk fermentation.
Bulgarian kiselo mljako not yogurt, thanks to Lactobacillus
bulgaricus is a natural probiotic that has a strong beneficial
effect on humans. One of the first probiotics in the world was
developed by Prof. Nikola Alexandrov in the 80s of the 20th
century in Bulgaria based on Lactobacillus bulgaricus. Kiselo
mljako is a widespread food among the Bulgarian population.
A study shows that the nasal microbiota in dairy farmers is
more complex and protects against infection and competes
with Staphylococcus aureus colonization [88].
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Qiu, et al. found that dietary supplementation of
Bacillus subtilis significantly increased Lactobacillus and
Bifidobacterium countsin theileum and cecum and decreased
coliforms and Clostridium perfringens in the cecum. Studies
performed in mouse models have demonstrated disruption
of the microbial system of the gastrointestinal tract (change
in total number and diversity) during antibiotic therapy. This
may have a significant effect on the patient’s response to
immunotherapy for malignancy, but a similar effect on the
immune response to viral and bacterial pathogens cannot
be excluded. Taking an antibiotic shortly before or after
initiation of immune checkpoint inhibitor (ICI) therapy
significantly affected overall survival (OS) and progression-
free survival (PFS). In this case, taking prebiotics is more
appropriate. During digestion, prebiotics are broken down
into short-chain fatty acids by bacterial enzymes and support
the growth of certain microbiota [89]. Numerous studies
have demonstrated that it is possible to manipulate the
microbiome by increasingthe number ofimmunopotentiating
bacteria while at the same time limiting the effectiveness of
bacteria with increased immune suppression. Modeling the
microbiome through diet, pre- and probiotics suggests the
possibility of improving responses in immunotherapy, but
also in viral and bacterial infection [90].

Conclusion

The coronavirus pandemic has shown us that only
linking the one health approach to the infectious spectrum,
the factors that determine human susceptibility to infections,
vaccinations-universal, unrelated and local, testing platforms
for potential pathogens, the use of dietary interventions,
pre- and probiotics will give us facilitate dealing with new
epidemics/pandemics.

The adoption of the one health approach to public health
will play a huge role in the future. The relationship between
human health and must be taken into account, something
that was suggested to us during the last pandemic. The
human population is only a small, though important part
of the Earth’s ecosystem. But the approach itself is only
part of the problem. Even healthy animals, poultry and the
animal products that we consume, can have an impact on
public health. The plant protection products used indirectly
through their consumption by animals and the antibiotics
used in the production of milk, poultry and animal meat can
contribute both to the formation of microbial resistance
and to the disruption of the microbial population of the
gastrointestinal tract (the total number and diversity) in
humans. Lactic acid bacteria are widely used in industrial
milk fermentation. The above-mentioned factors can lead to
a change in the microbial number of these bacteria in milk
and milk products, leading to a decrease in their protective
effect.
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Determining the infectious spectrum of viral pathogens
will facilitate the prediction of possible species barrier
crossings.

Factors determining a person’s susceptibility to
infection are extremely important in determining risk. These
are age, sex, health status, diet, exposure to the pathogen,
co-infection, current state of immunity and the individual’s
genome. Various studies have shown that microbial diversity
increases with age and comorbidity is associated with a more
severe course and more frequent complications.

Universal immunization is the first line of defense,
which is extremely important if a vaccine is available. It uses
vaccines with the same composition, the same doses and the
same number of doses in the entire population, provided
there are no contraindications. It assumes that each person
has the same type of immune response, achieves comparable
levels of immunity (whether humoral or cell-mediated) and
that everyone requires the same level of antigens to develop
immunity. Universal immunization also implies the same
level of risk for all people. The weakness is that individual
differences in disease risk, immune response, adverse
reactions and dosage, nonresponder rate and interval
between doses are not taken into account. After vaccination,
women are known to respond with higher levels of antibodies
than men.

Ethnicity also plays a role due to genetic polymorphism.
Also, genetic factors can block the immune response to the
vaccine antigen due to the simultaneous administration of
a drug preventing the transcription of an immune response
gene. Obstacles to the development of personalized vaccines
are currently a lack of knowledge about the individual
immune response, the genetic variability of pathogens, the
host microbiome, environmental factors and other issues.
Nevertheless, many infectious diseases have been brought
under control as a result of vaccination. Modulation of the
immune response by using the Bacillus Calmette-Guérin
(BCG) vaccine, influenza, and others to prevent disease from
unrelated viral pathogens should also be considered [91-93].
Through developed laboratory platforms, samples taken
from the nasopharynx can be tested for dozens of potential
pathogens, including bacteria. Potential viral interactions
will allow us to predict which respiratory diseases may
be more severe, and this would help us better adapt the
therapeutic approach in these patients. The most important
thing we have yet to clarify is whether these interactions are
situationally or genetically determined.

The use of preparations such as local vaccines containing
group a streptococci (Streptococcus sanguis, Streptococcus
mitis, Streptococcus salivarius and Streptococcus oralis) and
agents (carrageenans) early in the disease may help us to
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disrupt the possibility of synergistic interactions between
viral and bacterial pathogens and reduce disease severity.
The presumption of this approach lies in the ability to inhibit
pathogenicbacteria from the representatives of this group. For
example, all representatives inhibit Haemophilus influenzae,
Streptococcus oralis inhibits Streptococcus pneumoniae
and Streptococcus sanguis inhibits Streptococcus pyogenes.
The antiviral effect of carrageenans is most likely based on
reduced attachment and entry of the virus into target cells,
which reduces the viral load in the nose and nasopharynx and
supports the protective function of the microbiota [94,95].
The barrier function of the microbiota plays an important
role in protecting us from infections. Factors that can disrupt
the eubiosis of the human organism include colonization by
new species, viral and bacterial interactions, host-pathogen
interactions, prior antibiotic therapy, and environmental
changes.

Based on the seasonal circulation of pathogenic viruses
and bacteria, we can apply dietary interventions and
probiotics to risk groups (children up to 1 year, adults over
65, immunocompromised and patients with accompanying
diseases) at the beginning of the season. The use of
their capabilities - competitive inhibition, production of
antibacterial substances and organic acids, antagonism
with viral pathogens against their entry and replication,
immunomodulatory properties, improving the absorption
of proteins and minerals, detoxification for metabolites
toxic to the kidneys and regulating the homeostasis of the
intestinal microbiota can offer us serious benefits for human
health. In the case of previous treatment of patients from
the risk groups with antibiotics, the intake of prebiotics is
more expedient, especially during the first forty days, since
during digestion prebiotics support the recovery and growth
of certain microbiota. Blocking and/or reducing cell surface
receptors and competition for cellular resources are seen as
negative feedback mechanisms that we must utilize to the
maximum.

Each of the above components, alone or in combination,
will help us develop effective control and protection measures
against viral pathogens. Knowledge and proper use of
negative interactions between viral and bacterial pathogens
and human microbiota and inhibition of their positive
interactions will help us in combining pharmacological, non-
pharmacological and dietary interventions in personalized
treatment of patients with diseases caused by viral
pathogenss. This will also allow us to better control the risk
of such diseases occurring.
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