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Abstract

Introduction: Our body hosts a complex microbial community [microbiota] responsible for its development, optimal 
functioning and health. We are constantly witnessing the emergence of new diseases caused by a large number of highly 
pathogenic viruses. Viral diseases are one of the most important predictors of subsequent bacterial infection. At the same time, 
we are seeing a worldwide increase in antibiotic use. Despite the fact that in the prevailing percentage terms it has no visible 
adverse effect, the alteration of the human microbiota can have serious short-term or, worse, long-term consequences for our 
health. The aim of the review is to trace the relationships between pathogenic viruses, bacteria and the human microbiota.
Conclusion: Cocirculation of respiratory pathogens can lead to competitive or cooperative forms of interaction between them. 
Understanding how our interventions do not cause disruption of the balance of the human microbiota - reduced species 
diversity, altered metabolic activity, stimulation of selection and sharing of genes responsible for AMR will allow us to adjust 
strategies to treat infectious diseases. Knowing the interactions between commensal and opportunistic species will help us 
determine the time when we need to switch from non-pharmacological to pharmacological interventions, preserving the 
balance of the microbiota and that between it and the macroorganism, as well as reducing the rate of relapses. The right 
combination of pharmacological, non-pharmacological and dietary interventions in the personalized treatment of patients 
will allow us to reduce the unnecessary use of antibiotics and better control the risk in the course of diseases.
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Abbreviations: AMP: Аntimicrobial Peptide; AMR: 
Аntimicrobial Resistance; АdV: Adenovirus; CoV: Corona 
Viruses; FISH: Fluorescent In Situ Hybridization; HВV: 
Hepatitis В Virus; HDV: Hepatitis D Virus; HE: Hemagglutinin 
Esterase; HMPV: Human Metapneumovirus; HRV: Human 
Rhinovirus; IAV: Influenza A Virus; IFN: Interferon α/β and γ; 
IL: Interleukin; iNKT: Invariant Natural Killer T Cells; ISGˋs: 
Interferon Stimulated Genes; LEV: Live Enterovirus Vaccine; 
L-SIGN: Lectin Specific Intercellular; Adhesion Molecule-3 
Capturing Non-Integrin; MDCK: Madin-Darby Canine 
Kidney Cells; PCV: Pneumococcal Conjugate Vaccine; PIV: 

Para Influenza Virus; PPSV: Pneumococcal Polysaccharide 
Vaccine; ROS: Reactive Oxygen Species; RSV: Respiratory 
Syncytial Virus; SARS-CoV: Severe Acute Respiratory 
Syndrome Coronavirus; WGS: Whole Genomic Sequencing.

Introduction

The last decades have seen the emergence of new diseases 
caused by a large number of highly pathogenic viruses. 
Viral diseases are one of the most important predictors of 
subsequent bacterial infection. These infections can alter 
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the structure of the respiratory microbiome increasing the 
number of pathogenic bacteria. Viral-bacterial interactions 
play a critical role in the pathogenesis of bacterial infection. 
At the same time, we are seeing an increasing rate of antibiotic 
resistance. The dilemma before us is whether we are on the 
cusp of a shift in treatment strategies for infectious diseases 
and whether harnessing the ability of the microbiota to 
influence host immunity will become imperative in our 
therapeutic strategies for infectious as well as other diseases.

Microbiota

Our body hosts a complex and dynamic microbial 
community (microbiota), responsible for its development, 
optimal functioning and health. It performs a barrier 
function on the epidermis, mucous membranes of the 
gastrointestinal tract, respiratory and urogenital systems. Its 
composition is not constant throughout our life and begins to 
form immediately after our birth. The most dynamic period 
is during the first three years. It is directly dependent on the 
type of birth, the environment, the season, socio-economic 
living conditions, nutrition, vaccinations, past illnesses, 
harmful habits, taking antibiotics, etc.

The microbiota is a collection of ecological niches 
with different composition and population density of 
microorganisms-bacteria, archaea, fungi and viruses and 
performs the following functions-trophic, metabolic and 
protective [1]. The metabolic activity of the intestinal 
microbiota forms an anaerobic environment that suppresses 
the virulence of the pathogen, the protective-production 
of bacteriocins that inhibit the growth or survival of the 
pathogen and the trophic - mobilization of bacteriophages 
that attack specific bacterial strains, minimizing their impact 
on the commensal microbiota. The initial categorization 
of the human microbiota was completed in 2012 [2]. Of 
the composition, the group of bacteria is best but still not 
sufficiently studied, but the study of the functions of fungi 
and viruses is also progressing [3,4]. They are transitory and 
permanent. The vast majority of bacteria are non-pathogenic 
colonizers (commensals) that live symbiotically with the 
macroorganism and mutually provide conditions for their 
optimal condition. Their task is to suppress the colonization 
of opportunistic pathogens. To the former belong the 
opportunistic pathogens responsible for infectious diseases 
and a large part of the probiotics sold. They enter from the 
environment and do not undergo permanent colonization 
due to lack of suitable receptors or inability to compete 
for space. This phenomenon has been well studied in the 
gastrointestinal tract. In most cases, pathogens attempting to 
colonize mucosal surfaces elicit a strong immune response 
aimed at clearing the pathogen. The other part of the bacteria 
involved in the microbiota are the permanent members. They 

colonize the host in waves during ontogenesis and through 
various adaptation mechanisms enter into permanent 
relations with it. An example of this is Streptococcus 
saguinis, which is one of the first colonizers of the oral 
cavity - a gram-positive, non-spore-forming facultative 
anaerobe. The average time for its colonization is 9 months 
[5]. While the primary colonization can last for months, 
subsequent waves are shortened and in adult individuals can 
reach 2-4 weeks. These are the “true” commensal bacteria. 
They can be assumed to have the property of “memory”. 
The nasopharynx was thought to be a reservoir for sinus 
infections because conventional examination found a >90% 
concordance between pathogens of the osteomeatal complex 
and the nasopharynx. More recent gene sequencing of the 
microbiota from patients after functional endonasal sinus 
surgery, however, found a microbiome similar to the anterior 
nose, which temporarily became similar to that of the 
nasopharynx after surgery and then returned to the original 
niche equilibrium about 6 weeks [6].

The commensals stimulate various immune cells in 
the mucous membranes and help the maturation of gut-
associated lymphoid tissues [7]. In the sequencing of the 
microbiota, commensal species with an immunomodulatory 
effect on the host have been identified. It is specific to 
individual groups of bacteria and is generally influenced by 
the species diversity of the microbiota, or alpha diversity. 
From the permanently resident types of bacteria, those that 
have an immunomodulating effect are called autobionts, and 
those that can cause diseases under certain conditions are 
called pathobionts. They are permanent members, but in 
limited populations. In eubiosis, auto- and pathobionts are 
in perfect balance with the host. With a normally functioning 
microbiota, they do not cause disease, but when the 
composition and/or is impaired, they can cause diseases of 
varying severity and even death. Microbes constantly move 
through the commensal-pathogen continuum depending on 
circumstances and co-infections. Pneumococcus, regardless 
of the fact that it is considered the main cause of pneumonia, 
in eubiosis is a member of the healthy nasopharynx, as well 
as Stapylococcus aureus and other microorganisms, and in 
dysbiosis normal commensals can cause severe diseases 
in immunocompromised [8,9]. Autobionts are part of the 
normal microbiota that have evolved a way to colonize 
humans, actively participating in host immune regulation and 
health maintenance. With them, there is still much to learn 
about the mechanisms that provoke an immunomodulatory 
effect [10]. 

The significance of the microbiota in the course of the 
immune responses of the host is in the influence and in the 
maturation and functioning of different types of immune 
cells - IgA secreting plasma cells, Th17, Treg lymphocytes, 
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invariant natural killer T cells (iNKT), NK cells, macrophages, 
dendritic cells (DC), etc. [11]. The immune effects controlled 
by the microbiota also play an autoregulatory role on itself. 
Induced by commensal bacteria, IgA secreting plasma cells 
are involved in the control of their number and composition 
[12,13]. The gut microbiota has been found to control the 
immune status in an effector or regulatory direction through 
various stimuli [14]. Resident commensals on the skin 
provoke modulatory effects and induce local Th17 and Th1 
responses to protect against bacterial infections [15]. Host 
genotype also plays an important role. In mouse models, 
it has been found that harmless commensals can become 
pathogenic [16].

The human microbiota is an indivisible whole, but in 
view of our area of interest, I will focus mainly on ecological 
niches in the upper respiratory tract (URT). The microbiota 
of the upper respiratory tract in healthy individuals consists 
of several genera. During the first year of life, the genera 
Staphylococcus, Streptococcus, Corynebacterium, Moraxella, 
Haemophilus and Alloicoccus/Dolosigranulum predominate, 
due to contact with the mother’s skin and milk, and the 
vaginal mucosa. After the third year, the most common are: 
Staphylococcus, Streptococcus, Corynebacterium, Prevotella, 
Veillonella, Propionibacterium and Fusobacterium. The 
commensals inhabiting the URT mainly inhabit the nasal cavity, 
naso- and oropharynx. Corynebacterium, Dolosigranulum, 
Streptococcus epidermidis and Streptococcus lugdunensis 
are thought to be primarily responsible for suppressing the 
possibility of disease caused by Streptococcus pneumoniae, 
Haemophilus influenzae, Staphylococcus aureus, Moraxella 
catharralis [17-22]. About unlike URT, the microbiota of 
the gastrointestinal tract is dominated by two main genera, 
evolutionaly adapted to this niche. These are the gram-
negative Bacteroides and the gram-positive Firmicutes [23]. 
Studies have shown that gut and commensal bacteria of the 
gastrointestinal tract participate in the activation of shared 
immune pathways regulating resistance to pulmonary 
infections [24,25]. The upper and lower respiratory tract 
contain different ecological niches. URT are schematically 
divided into: front nose, paranasal sinuses, naso- and 
oropharynx and larynx [26]. They are characterized by the 
combination of taxonomically rich niches such as nose, naso- 
and oropharynx and scarce niches such as middle ear, sinuses 
and lower respiratory tract [27]. The nasal, nasopharyngeal 
and oropharyngeal microbiota consist of different types of 
aerobic and anaerobic microorganisms, the latter being 
predominant. Loss of the oral-nasopharyngeal distinction 
usually precedes respiratory tract infections [28]. Viral-
bacterial interactions play a critical role in the pathogenesis 
of bacterial infection. When the microbial community 
becomes unbalanced, opportunistic pathogens can spread 
from the nose and nasopharynx to microbially poorer niches 
and cause disease. Immune regulation against viruses is 

modulated primarily by the gut microbiota [29].

Of the known respiratory viruses, those that most 
often attack our respiratory tract are: influenza virus, 
parainfluenza virus, RSV, adenoviruses, measles virus, 
rhinoviruses and coronaviruses [30]. The most frequently 
detected bacterial pathogens in the respiratory tract are: S. 
pneumoniae, S. pyogenes, H. influenzae, S. aureus, Neisseria 
meningitidis, Mycobacterium tuberculosis, Bordetella 
pertussis, M. catharralis, and in immunocompromised 
patients, Pseudomonas aeruginosa [31].

The barrier function of the microbiota in the nose 
and nasopharynx is expressed in а competition between 
commensal and potentially pathogenic species of bacteria, 
ensuring the regulation of pathogenic species, host responses 
and protection against infections. In eubiosis, commensal 
bacteria suppress the colonization of opportunistic 
pathogens by regulating the mucosal barrier and inhibit 
pathogen exposure through direct competition and indirect 
immune modulation. The mechanisms used are:
•	  Induction of IFN-λ secretion from the nasal mucosa. 

The commensal Staphylococcus epidermidis enhances 
resistance to influenza A virus infection in mice [32] and 
intestinal commensals modulate resistance to infection 
of the lung epithelium with the same virus [33].

•	 Secretion of antimicrobial peptide [AMP], bacteriocins 
and proinflammatory cytokines from the nasal mucosa. 
The commensal strain S. epidermidis blocks acquisition 
and limits the growth of S. aureus and M. catharralis 
in an AMP-dependent manner in mice [34,35], and 
Haemophilus haemolyticus of H. influenzae [36].

•	 Influence on the adaptive immune response and 
generation of immune memory. The commensal 
Streptococcus mitis induced a cross-reactive immunity 
[antibodies and IL-17] to S. pneumoniae in mice [37]. 
The same was observed with Neisseria lactamica and 
Neisseria meningitidis.

•	 Production of antibiotics. The nasal commensal 
Staphylococcus lugdunensis produces lugdunin, an 
antibiotic with bactericidal activity against S. aureus 
and S. pneumoniae. Carriage of S. lugdunensis correlates 
with reduced S. aureus microbial counts [38].

•	 Inhibition of binding to the mucous membrane. 
Streptococcus salivarius limits the binding of S. 
pneumoniae independently of bacteriocin production 
[39]. The genus Corynebacterium directly competes 
with pathogens of the upper respiratory tract. 
Corynebacterium assolens inhibits the growth of 
S. pneumoniae via free fatty acids, and the cell-free 
environment of Corynebacterium striatum limits the 
adhesion of S. aureus [40,41].

•	 Possibility of commensals of the genus Streptococcus to 
destroy formed biofilms (hypothesis) [42].
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•	 For our practice, the study and understanding of 
virus-virus, virus-bacterial, virus-microbiota and 
interbacterial interactions is extremely important.

Bacteria exist not only as independent planktonic 
forms, but also in organized ecosystems [biofilm] within the 
human organism. The second group is more stable. Antoni 
van Leeuwenhoek (1632-1723) developed the concept 
of microorganisms that bind to the surface in the form of 
dental plaque. Characklis’ research on microbial slime taken 
from bodies of water sheds further light on the issue [43]. 
Up to 99% of the bacteria in the human body are thought 
to exist in the form of a bacterial biofilm [44]. It forms after 
individual planktonic forms merge and attach to the various 
surfaces through glucoconjugate bonds [45] then form an 
exopolysaccharide matrix [46]. By means of the towers and 
channels in the interior, waste substances are eliminated and 
the pH gradient is maintained. The oxygen tension gradient 
determines the increased metabolic activity at the surface of 
the matrix and the reduced/dormancy in the deeper layers. 
The cells in the biofilm are in constant contact with each other 
by means of chemical signaling [quorum sensing]. As the 
biofilm matures, individual cells are detached and directed 
to colonize another surface [47]. The bacterial biofilm can 
contain several strains of bacteria. It is characterized by 
its high degree of resistance to antibiotics and the host’s 
immune mechanisms-low susceptibility to opsonization and 
phagocytosis [48]. It is still being clarified whether biofilms 
can be considered as a driver of respiratory diseases [49].

Virome 

The virome is a poorly understood component of the 
microbiota. Viral load carriage in healthy controls suggests 
a benign carriage, similar to commensal bacteria [50]. We 
have yet to determine the reasons why “healthy carriage” is 
replaced by a dominance of viral pathogens. Metagenomic 
analysis, in contrast to PCR-based analysis, showed the 
presence of many more viral sequences in children with 
unexplained fever. The virome is a poorly understood 
component of the microbiota. Viral load carriage in healthy 
controls suggests a benign carriage, similar to commensal 
bacteria [50]. We have yet to determine the reasons why 
“healthy carriage” is replaced by a dominance of viral 
pathogens. Metagenomic analysis, in contrast to PCR-based 
analysis, showed the presence of many more viral sequences 
in children with unexplained fever. This suggests us that 
the virome is a common cause of upper respiratory tract 
disease. During the same annual period, several respiratory 
viruses can circulate simultaneously. Co-circulation of 
viral pathogens can lead to multi-epidemics such as the 
combination of COVID-19, RSV and influenza, or the past 
viral infection can induce a refractory period during which 
the host is unlikely to be infected by another respiratory 

virus. To understand the interactions (interference), it is 
important to determine whether the viruses share the same 
environmental conditions (seasonality). 

Interviral Interactions 

Interviral interactions determine the individual risks 
of infection and the dynamics of the course and. The factors 
that would direct us to viral interference are:
•	 The ability of the interfering virus to induce a rapid 

IFN response due to the expression of interferon (IFN) 
stimulating genes (ISG) type I (IFN-α/β) and type III 
(IFN-λ) and provided temporary non-specific immunity 
to the host. Viral defense is expressed in the production 
of effectors that directly inhibit viral replication, as well 
as chemokines and cytokines [51,52].

•	 The degree of sensitivity of the second virus to immune 
mediators

•	 The extent to which different viruses counteract the 
induction and antiviral effects of IFN and

•	 The pattern of innate immune response induced by the 
virus in the upper and lower respiratory tracts [31].

Viruses can simultaneously or sequentially infect the 
respiratory tract. 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. The 
positive interaction is observed in:
	SARS-CoV-2, RSV and pandemic influenza virus A 

(pH1N1)[53]
	PIV1 and PIV2
	RSV and HMPV
	The surface antigen of the first virus serves as a receptor 

for the second (HbSAg of HBV for HDV). When blocking 
and/or reducing cell surface receptors and competition 
for cellular resources is severe, this is a possible option 
for evasion by other respiratory viruses.

Co-infection increases disease severity through excessive 
production of IFN and pro-inflammatory cytokines or through 
decreased secretion of non-inflammatory mediators such as 
interleukin (IL) 10 [54]. Knowledge of negative virus-virus 
interactions are much more important for practice. They 
are homologous and heterologous depending on whether 
the viruses belong to one or two different families. Blockade 
and/or reduction of cell surface receptors and competition 
for cellular resources are considered mechanisms of negative 
virus-virus interaction. Studying interference species in 
animal models has a potential limitation because their 
immune response to human respiratory viruses and immune 
evasion mechanisms in most cases differ.

1.	 In the homologous interaction, presumably cross-
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reactive immunity against the first virus prevents 
infection from the second virus

•	 Hierarchical model-pH1N1, H1N1 and H3N2.
•	 Time pattern-RSV, HMPV and PIV-taxonomically belong 

to the same family.
2.	 B. In the heterologous type of interference, the provoking 

of the non-specific immune response by the first virus 
reduces or prevents the infection and replication of the 
second virus:

•	 Coinfection with IAV in MDCK cells inhibits RSV 
replication by removing sialic acid from the cell surface 
and competing for viral protein synthesis [55-57].

•	 Live enterovirus vaccines (LEV) are used to prevent 
pathogenic enteroviruses in children.

•	 Oral administration of LEV in children reduces the 
detection of some unrelated respiratory viruses—
influenza, PIV, RSV, HRV, and AdV [58,59].

•	 Prior infection with IАV (H1N1) or IАV (H3N2) prevents 
subsequent infection with retroviruses.

•	 IBV and RSV [60].
•	 RSV c reduced HRV infection rate.
•	 HRV reduces SARS-CoV-2 replication.
•	 HRV reduced probability of co-detection IAV.
•	 RSV reduced probability of HMPV co-detection.
•	 IBV and Adv [61].

Influenza and SARS-CoV-2 viruses use a wider range of 
ways to evade IFN induction and signaling than RSV, human 
metapneumovirus (HMPV), and human rhinovirus (HRV).

Viral-Bacterial Interactions 

Viral-bacterial interactions play a critical role in the 
pathogenesis of bacterial infection. Knowing the potential 
viral interactions with the pathobionts of the microbiota or 
exogenous pathogens will allow us to predict the severity 
of respiratory diseases and better adapt the therapeutic 
approach in these patients. There are three types of 
interactions:
1.	 The virus potentiates bacterial colonization
2.	 Proteases of respiratory tract bacteria cause structural 

changes leading to increased pathogenicity and tissue 
tropism of the virus and

3.	 Bacteria enhance viral infection by activating host 
proteases [62-66].

The cooperation of viruses and bacteria can cause 
respiratory diseases that are more severe than those caused 
by either pathogen alone. Тhis also accounts for the fact that 
the majority of deaths during influenza epidemics are due to 
secondary bacterial infections [67-71].

Positive virus-bacterial interactions are extremely 

important to us:
1.	 Facilitating bacterial colonization on airway surfaces 

through damage to the mucociliary system from a 
previous viral attack. When mechanical defenses are 
impaired, in primary ciliary dyskinesia, bacterial lung 
infection is more common [72]. RSV causes loss of cilia 
in human bronchial cells in vitro, and influenza virus 
damages the ciliated epithelium and bronchial epithelial 
lining [73,74].

2.	 A virus-induced change in the membrane potential 
of host cells - the most likely cause of increased 
bacterial adhesion. Viral glycoproteins expressed 
on host cell membranes can serve as receptors for 
bacteria. Hemagglutinin esterase [HA] of influenza 
virus on infected MDCK cells acts as a receptor for 
group B streptococci. The change in the glucoconjugate 
structure of murine nasopharyngeal mucosa caused by 
influenza infection is associated with changes in lectin 
binding patterns [75,76]. As a possible mechanism for 
adherence of staphylococci to virus-infected cells in vivo, 
it is assumed that infected cells may be coated by a viral 
antibody serving as a receptor for staphylococcal protein 
A. Staphylococci appear 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 [31,77].

3.	 Suppression of the host’s defense mechanisms 
against bacterial attack by the viral infection - the 
non-specific humoral factors, the non-specific 
phagocytosis by neutrophils and macrophages at 
the beginning of the infection and the later specific 
antibody-mediated immune response. Influenza 
virus-induced polymorphonuclear dysfunction is an 
important condition for influenza virus-potentiated 
secondary pneumococcal diseases. After interaction 
with influenza virus in human neutrophils in vitro, a 
reduced chemotaxis and phagocytic activity towards 
staphylococci was observed [78] and a decrease in the 
bactericidal power of neutrophils and macrophages due 
to disruption of lysozyme production by both types of 
phagocytes [79,80]. 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.

4.	 Seasonal relationship in viral and bacterial infections-
influenza, pneumococcal infection and meningococcal 
disease (winter months) [67,69,70]. Similar interactions 
with S. pneumoniae are found in RSV and PIV [71,81]. 
Unlike most respiratory viruses, seasonal coronaviruses 
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(HCoV-229E, HCoV-NL63, HCoV-OC43, and HCoV-HKU1) 
appear to act independently [82].

5.	 Proteases of respiratory tract bacteria can induce 
the cleavage of influenza virus HA and increase the 
pathogenicity of the virus in vivo. This is thought to be 
through the generation of plasmin from plasminogen. 
This was first found for the protease of S. aureus, and 
then for those of Streptomyces griseus and Aerococcus 
viridans. Cleavage of S. aureus and A. viridans HA in 
vitro increases virus replication and pathogenicity in 
mice [64-66,83-85]. Some of the positive viral-bacterial 
interactions we know are:

•	 Аdenovirus и Moraxella catharralis
•	 RSV и Haemophilus influenzae
•	 RSV и Streptococcus pneumoniae
•	 Rhinovirus А и Streptococcus pneumoniae
•	 Rhinovirus А и Haemophilus spp
•	 Rhinovirus С и Streptococcus pneumoniae
•	 Rhinovirus С и Moraxella catharralis
•	 Influenza A virus и Streptococcus pneumoniae
•	 Influenza A virus и Staphylococcus aureus
•	 Influenza A virus и Neisseria meningitidis.

Bacterial-Bacterial Interactions 

Sometimes our enemies’ competitors are our allies. 
Nasopharyngeal colonization with S. pneumoniae protects 
us from S. aureus, and reduction of the microbial count of 
S. pneumoniae after pharmacological intervention leads 
to increased presence of S. aureus. Decreased colonization 
by S. pneumoniae also results in increased colonization by 
H. influenzae, S. aureus, N. meningitidis, and M. catarrhalis 
[86-89]. Therefore, we need to carefully consider our 
antibiotic interventions. Another interesting phenomenon 
is that pneumococcal vaccines (PCV and PPSV) due to 
limited coverage induce replacement of vaccine serotypes 
of S. pneumoniae with non-vaccine serotypes in the nose 
and nasopharynx and increased carriage of non-typing 
Haemophilus influenzae. Although they reduced disease 
caused by the vaccine serotypes, overall colonization rates 
did not change. The imbalance of the microbiota following 
acute respiratory infections enables opportunistic pathogens 
to spread to adjacent poorer ecological niches and cause 
disease. Cocolonization and polymicrobial interactions 
between pneumococci and other respiratory colonizers, non-
typing H. influenzae and M. catarrhalis lead to an increased 
risk of acute otitis media [90].

Hypothesis 

My hypothesis is based on the importance of maintaining 
at a constant level the ratios X (surface area), Y (amount of 

nutrients) and Z (number of microorganisms).

 Figure 1: Eubiosis.

The human microbiota is a complex community of 
autobionts and pathobionts, and its main function is to 
protect us against colonization by opportunistic pathogens. 
Interactions, direct or indirect, between microorganisms and 
the host include competition for nutrients, ability to attach to 
surfaces, and induction of host metabolite production [91-94]. 
The microbial composition is influenced by epidemiological 
factors, comorbidities, environment [pollution, radiation], 
diet, socioeconomic conditions - housing, health care, 
hygiene, family size (correlated with increased carriage of 
M. catharralis, S. aureus and antibiotic-resistant strains of S. 
pneumonia), lifestyle (tobacco smoking, travel and physical 
activity), vaccinations and intake of antimicrobial drugs 
[95,96].

Sequencing patients at disease onset will help us identify 
elevated viral carriage compared to healthy controls, and 
with laboratory platforms to capture potential pathogens, we 
will detect bacterial carriage. Through rapid NAATs, we will 
isolate the viral agents: SARS-CoV-2, influenza, RSV, etc. These 
infections are usually difficult to distinguish based on clinical 
manifestations alone. Viral coinfection triggers respiratory 
bacterial infections in the nose and nasopharynx, causing 
destabilization preceding the infection itself and dysbiosis. 
Whole genome sequencing (WGS) is more sensitive but more 
expensive in detecting pathogens after antimicrobial drug 
treatment, and fluorescence in situ hybridization (FISH) has 
greater sensitivity in detecting bacterial pathogens in biofilm 
[97]. The factors determining a person’s susceptibility to 
infection will also give us an opportunity to determine the 
risk and an easier choice for treatment. 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 
up to a certain age, and comorbidity is generally associated 
with a more severe course and more frequent complications. 
In disease, the amount of autobionts decreases, and that of 
pathobionts and exogenous pathogens increases.
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 Figure 2: Dysbiosis.

Another important reason for the occurrence of 
dysbiosis is antibiotic therapy. A 65% increase in the use 
of antibiotics between 2000 and 2015 has been observed 
worldwide [98]. They are also the most common cause of 
decreased resistance to colonization and a drastic change in 
the composition and diversity of the microbiota. Studies in 
mouse models have demonstrated disruption of the microbial 
community of the gastrointestinal tract (change in number 
and diversity) during antibiotic therapy. Broad-spectrum 
antibiotics do not differentiate between commensal and 
pathogenic bacteria and can lead to a 30% reduction in the 
microbiota [99,100]. Depletion of commensal bacteria by 
antibiotic treatment results in excess nutrients that can be 
used by pathobionts and external pathogens. Separately, 
pathogens, through the released toxins, provide themselves 
with an additional nutritional advantage necessary for their 
survival [101]. Another major problem is the increasing rate 
of antimicrobial resistance (AMR) in recent decades, which 
is defined as a critical threat to public health. My hypothesis 
is based on the possibility of limiting the attachment and 
entry of viruses into cells and preventing, as far as possible, 
positive interactions virus-virus, virus-bacteria and between 
bacteria through controlled administration of probiotics, 
local vaccines and dietary components with the aim of 
artificial colonization.

At the first symptoms of an acute viral infection, the 
use in the form of sprays of agents containing sulfated 
polysaccharides-carrageenans, silver ions and eucalyptus oil 
will help us to reduce the attachment and entry of the virus 
into the target cells of the nasopharynx by means of:
•	 Inhibition of viral attachment by i-carrageenan (Proven 

in influenza A and human coronavirus OC43)
•	 Limiting bacterial colonization of the surface of the 

airways, probably in a manner similar to the cell-free 

environment of Corynebacterium striatum limiting 
adhesion

•	 Reducing the possibility of virus-induced changes in the 
membrane potential of host cells and increased bacterial 
adhesion and

•	 Hindering the use of the viral glycoproteins expressed on 
the membranes of the host cells for bacterial receptors 
[102,103]. 

Probiotics, Local Vaccines and Dietary 
Components

The use of probiotics, local vaccines and dietary 
components for artificial colonization will help us 
partially compensate for the impaired functions of the 
microbiota, hinder the sharing of genes responsible for 
AMR transmission and limit the possibility of active invasive 
infection. The amount of nutrients is relatively constant 
in the human body. 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. Admitted in sufficient quantity, they have a certain 
benefit for the health of humans and animals. They have 
already proven to be an alternative to antibiotics in poultry 
[104]. The main properties of probiotics are: acid resistance, 
specificity, lack of side effects, reduction of pathogenic 
microbial numbers and viability during storage. By using 
transient strains to compete for adhesion and nutrients with 
those with pathogenic potential [pathobionts and exogenous 
pathogens], we will be able to some extent to prevent the 
invasion and overgrowth of the latter [105].
 

Early use of preparations such as topical vaccines 
containing α hemolytic streptococci AНS [Streptococcus 
sanguis, Streptococcus mitis, Streptococcus salivarius and 
Streptococcus oralis] or oral supplements can also help 
us to strain and deplete energy resources in the upper 
respiratory tract and gastrointestinal tract. In this way, we 
will reduce the opening opportunity for both pathobionts 
and external bacterial pathogens to take advantage of the 
increased opportunities for nutrient utilization and surface 
attachment due to the reduction in autobiont microbial 
numbers. AНS have an inhibitory effect on H. influenzae and 
S. aureus, Streptococcus oralis alone on S. pneumoniae and 
Streptococcus salivarius on S. pyogenes and S. pneumoniae. 
Commensals of the genus Streptococcus promote cross-
reactive immunity through the expression of a capsular 
antigen with genetic and antigenic similarities to those of S. 
pneumonia [106]. Administration of an intranasal vaccine 
with Bacillus subtilis to enhance local immunity of the nasal 
mucosa holds promise [107].

Diet influences the microbial composition of the 
microbiota. Long-term dietary patterns are part of the 
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factors determining the enterotype of the intestinal 
microbiota [108]. The Bacteroides enterotype is associated 
with reduced microbial activity and genetic diversity, insulin 
resistance and risk of obesity and non-alcoholic steatosis, and 
the Prevotella enterotype with a diet with a predominance 
of plant carbohydrates [109]. The changes that occur from 
the type of diet play a role in the health-disease balance. 
The microbiota in infants is much richer even than that of 
children fed with adapted milk with added Dolosigranulum 
and Corynebacterium [27]. The genus Lactobacillus is a 
common inhabitant of the gastrointestinal tract of humans 
and animals and, due to its probiotic characteristics, is 
recognized as safe [110]. These lactic acid bacteria with a 
protective function were described by Döderlein and are 
used in the food industry. Their surface protein layer has 
an antimicrobial inhibitory effect expressed in competition 
for binding sites on the surface of the host’s epithelial cells, 
and for viruses in antagonism to entry and replication, but 
not to attachment. The genus contains hydrogen peroxide-
producing (HP+) and hydrogen peroxide-non-producing 
(HP-) strains. Depending on the current balance, hydrogen 
peroxide-producing (HP+) lactobacilli function in a protective, 
indifferent or abdicating state (patients with infection). The 
ability of Lactobacillus to adhere to epithelial surfaces is 
critical for maintaining persistent colonization in the gut 
and other mammalian tissues. Lactobacillus delbrueckii 
subsp. is a well-studied member of this genus. It is used in 
the industrial fermentation of milk. Bulgrian kiselo mljako 
not yogurt thanks to Lactobacillus bulgaricus is a natural 
probiotic with a strong beneficial effect in humans. Kiselo 
mljako is a widespread food among the Bulgarian population. 
A dairy-rich diet is associated with a richer and more diverse 
microbiota. A study shows that the nasal microbiota in dairy 
farmers is more complex and protects against infection by 
out-competing S. aureus colonization [111]. Lactobacillus 
acidophilus is another studied representative found in the 
human gut and a component of many probiotics. Qiu, et al. 
reported that dietary supplementation with Bacillus subtilis 
significantly increased Lactobacillus and Bifidobacterium 
counts in the ileum and cecum, and decreased coliforms and 
Clostridium perfringens in the cecum.

Figure 3: Relative stabilization.

Negative Interactions

Nutritional interventions and probiotics will allow us to 
benefit from the negative interactions provided by their 
components:
•	 Lactobacillus rhamnosus GG, Bifidobacterium 

Spp, Lactobacillus acidophilus and Streptococcus 
thermophilus significantly reduce nasal colonization 
with potential pathogens including - S. aureus, S. 
pneumoniae and β hemolytic streptococci, thereby 
reducing respiratory infections. [112-114] 

•	 Newborns given prebiotics and probiotics have a 
significantly lower incidence of respiratory tract 
infections. Those taking Lactobacillus plantarum had a 
significant reduction in respiratory tract infections [115-
117].

•	 S. salivarius and S. oralis significantly reduced the 
abundance of S. aureus and increased the total number 
of beneficial microorganisms [118].

•	 Bifidobacterium infantis has an anti-inflammatory 
effect by modifying the IL-10/IL-12 ratio. It has an 
immunomodulating effect by increasing mucosal 
dendritic cells and decreasing Th1 and Th7 helper T 
cells.

•	 Lactobacillus саsеi expressing the S. pneumoniae protein 
antigen PspA induces antibodies that protect mice from 
disease [119].

•	 Bifidobacterium longum when administered orally 
in mice induces reactive oxygen species on alveolar 
macrophages, enhancing protection against lung 
infection caused by Klebsiella pneumonia [120].

Conclusion

Cocirculation of respiratory pathogens can lead to 
competitive or cooperative forms of interaction between 
them. Probably in the coming years, if not decades, we will 
be able to answer themselves the following two questions:
- Which of the species represented in the probiotics offered 
on the market will not only be transient, but will also adapt 
to the receptors on the epithelial surfaces
- Whether frequent and long-term intakes of probiotics will 
not make the human microbiota “lazy” and whether in 20 
years we will not be looking for the reasons that made their 
use meaningless, as is the case with antibiotics. We must 
not forget that we are carriers of 20-25,000 genes, and up 
to 10 million useful genes have been detected in our feces. 
The commensals presented in probiotics are artificially 
cultured and it is not known whether they fully adapt to the 
ecological niches normally occupied by them and whether 
they carry the same genes. Replacing our microbiota can lead 
to unpredictable macroorganism responses.

https://medwinpublishers.com/OOAJ/
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The diet participates in the formation of the composition 
of the microbiota, and the changes that occur due to the type 
of diet play an important role in the health-disease balance. 
Providing a greater diversity and abundance of competing 
microorganisms for food resources and adhesion receptors 
on epithelial surfaces will likely allow us to help restore 
resistance against microbiota colonization [121].

The use before the autumn winter season and at 
the beginning of the disease of preparations such as 
topical vaccines containing α hemolytic streptococci ANS 
[Streptococcus sanguis, Streptococcus mitis, Streptococcus 
salivarius and Streptococcus oralis] or oral supplements can 
help us to increase the microbial diversity and reduce the 
possibility of both pathobionts , as well as external bacterial 
pathogens to take advantage of the increased opportunities 
for nutrient utilization and surface attachment in URT 
infection. We need to understand how our interventions 
do not cause a disturbance in the balance of the human 
microbiota - reduced species diversity, altered metabolic 
activity, stimulating the selection and sharing of genes 
responsible for AMR and from there reducing the rate of 
relapses. Knowing the interactions between commensal 
and opportunistic species, and the reasons they jump from 
one group to the other, will help us determine the time 
to move from non-pharmacological to pharmacological 
interventions, preserving the balance of the microbiota 
and that between it and the macroorganism. The correct 
combination of pharmacological, non-pharmacological 
and dietary interventions in the personalized treatment of 
patients will allow us to better control the risk in the course 
of the diseases.
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