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Abstract

Respiratory tract infections (RTIs), particularly lower respiratory tract infections (LRTIs), are leading causes of death and disability
worldwide, especially among children under five. Acute respiratory infections (ARIs) in children present a significant healthcare
burden, with associated clinical consequences and substantial costs. Over the past few decades, the declining efficacy of standard
antimicrobial drugs, coupled with the slow development of new antibiotics, has made managing pediatric respiratory infections
more challenging and underscored the need for alternative therapies. In this review, we discuss the burden of pediatric respiratory
infectious diseases, types of respiratory infections and their etiology, and recent findings on the role of the microbiome. We also
examine advancements and ongoing challenges in managing these infections, with a focus on alternative approaches for prevention

and treatment of respiratory infections in children and adolescents.
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RTI: Respiratory Tract Infection; HAI: Healthcare-Associated Infections; WHO: World Health Organization; AOM: Acute Otitis media; ARI:
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Hospital-Acquired Pneumonia; VAP: Ventilator-Associated Pneumonia; CF: Cystic Fibrosis; PICU: Pediatric Intensive Care Unit; AMR:
Antimicrobial Resistance; MDR: Multidrug resistant; PCR: Polymerase Chain Reaction; RSV: Respiratory-Syncytial Virus; GAS: Group A

Streptococcus; BL: Bacterial Lysate

Introduction

Respiratory tract infections remain a leading cause of morbidity and mortality among children and adolescents worldwide, particularly
in those under five years of age. These infections, which range from mild upper respiratory tract infections (URTIs) to severe lower
respiratory tract infections (LRTIs), pose significant public health challenges due to their high incidence and associated complications.
Understanding the etiology and pathophysiology of pediatric respiratory infections is crucial for developing effective treatment and

prevention strategies. Viruses remain the predominant causative agents of URTIs, while bacterial pathogens play a more significant role in
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different types of severe LRTIs in children, including pneumonia. Environmental factors, seasonal variations, and host immune responses
further influence disease susceptibility and severity. Recent advances in microbiome research have shed light on the role of respiratory
tract microbiota in both health and disease, highlighting its potential as a target for therapeutic interventions. The management of
pediatric respiratory infections requires a multifaceted approach that integrates conventional and alternative therapeutic strategies.
While antibiotics have historically been the mainstay of bacterial infection management, their widespread and sometimes inappropriate
use has contributed to the alarming rise of antimicrobial resistance (AMR). Consequently, researchers and clinicians are increasingly
exploring alternative or complementary approaches such as phage therapy, probiotics, bacterial lysates, and targeted immunomodulatory

treatments.

Burden of respiratory infections

Respiratory tract infections, particularly lower respiratory tract infections (LRTIs), are among the leading causes of death and disability
worldwide, especially in children under five years of age. The primary causative agents include viruses and bacteria, with fungi playing
a lesser role. Beyond their significant clinical impact, respiratory infections also impose a substantial economic burden. Consequently,

topics related to respiratory infections, particularly in children, remain a frequent focus of research papers and review articles.

Recent studies have provided comprehensive global data on the incidence, mortality, and disability associated with respiratory
tract infections [1,2]. In 2015 alone, lower respiratory tract infections (LRTIs) accounted for 2.74 million deaths across 195 countries.
Furthermore, mortality from respiratory system diseases caused by multidrug-resistant bacteria doubled between 2007 and 2015. By
2019, there were 488.9 million reported cases of respiratory diseases across 204 countries, with 2.4 million resulting in fatal outcomes.
Notably, a reduction in LRTI incidence was observed in the 25-29 age group, although an upward trend was evident with increasing
age. Despite the decline in LRTI incidence since the 1990s-attributed to advances in clinical management and the use of new vaccines-
respiratory infections remain a leading cause of morbidity and mortality, particularly in low- and middle-income countries. In developed

countries, it was estimated that respiratory infections account for 60% of antibiotic prescriptions [3].

The significant healthcare burden, clinical consequences, and substantial costs associated with respiratory diseases in children are
primarily driven by acute respiratory infections (ARIs). In the United States, ARIs are estimated to account for approximately 30% of
outpatient visits among children and adolescents [4], with upper respiratory tract infections (URTIs) being the most prevalent. In terms of
severity of disease and fatal outcome pneumonia remains one of the largest infectious causes in children worldwide. According the WHO
report of 2022 (https://www.who.int/news-room/fact-sheets/detail/pneumonia), pneumonia killed 740 180 children under the age of 5
in 2019, accounting for 14% of all deaths of children under 5 years old with the highest numbers in developing countries. The similar data
are provided by UNICEF (https://data.unicef.org/topic/child-health/pneumonia) specifying over 1,400 cases of pneumonia per 100,000
children per year globally, with the greatest incidence occurring in South Asia and West and Central Africa. Progress in reducing deaths

due to pneumonia in children < 5 has been significantly slower than for other infectious diseases, declined by 54% since 2000.

Types of pediatric respiratory tract infections and their etiology

URTIs in children, which manifest as cough, fever, rhinorrhea, pharyngitis, tonsillitis, and acute otitis media (AOM), account for
majority of outpatients visits. URTI’s are predominantly caused by common cold viruses such as rhinoviruses, adenoviruses, respiratory
syncytial virus (RSV), parainfluenza viruses, and common coronaviruses, as well as influenza A and B viruses. Several bacterial pathogens,
including Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, group A Streptococcus (GAS), and Staphylococcus
aureus, are also important causes of URTIs [5,6]. The pharyngitis or tonsillitis, caused by Streptococcus pyogenes/GAS can occur at all ages,
being most common in school-aged children and less frequent in young children < 3 years, also in adolescents. GAS pharyngitis having
potential for horizontal spread, can lead to school outbreaks in winter months, especially in developing counties with crowded indoor
environment. Missed diagnosis or delayed treatment of pharyngitis or tonsillitis in children can lead to development of sinusitis, acute

otitis media (AOM) and other suppurative complications, as well as rheumatic fever [7,8].
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URTIs of viral origin are considered the most frequent illnesses among young children, accounting for up to eight episodes annually
in the first two years of life and up to 14 episodes per year in children attending day care [9]. The most recent definition by Corsello.,
et al. [10] identifies recurrent URTIs in children as a minimum of four episodes lasting 24 days within a six-month period, separated
by periods of well-being. In the etiopathogenetic mechanism of recurrent respiratory infections environmental factors play a key role,
such as winter season, overcrowding, night crowding, household size, indoor and outdoor air pollution, daycare attendance, maternal or
passive smoking etc. [11]. Although viral URTIs are typically mild and self-limiting, the potential for serious complications such as acute
lower respiratory tract infections, wheezing, bronchiolitis, pneumonia, secondary bacterial infections, or asthma exacerbations should

always be considered.

Viral infections can exacerbate bacterial infections by impairing the host immune response, disrupting epithelial barrier integrity,
altering the expression of surface receptors and adhesion proteins, modifying secretory immunity, and influencing bacterial biofilm
formation [10]. By common observation, during viral epidemics, such as influenza outbreaks, the incidence of bacterial pneumonia has
been shown to increase. Viral infections can also facilitate nasopharyngeal colonization by pathogenic bacteria, elevate the risk and
worsen the clinical outcomes of bacterial AOM. Acute infections of the middle ear and nasopharynx are often polymicrobial diseases that
can arise as complications of viral URTIs. These mixed viral-bacterial infections can contribute to antibiotic treatment failure despite
appropriate drug administration that is often attributed to virus-induced nasopharyngeal inflammation, changes in bacterial adherence

and colonization, and reduced antibiotic penetration that also may lead to more severe disease and prolonged hospital stays [13].

The URT microbiota, while not directly involved in pathogenesis of LRT diseases, is still considered as a reservoir for potential LRT
pathogens, notably in pneumonia development. The community-acquired pneumonia (CAP), an acute infection of lungs acquired outside
the health care settings, is one of the most common causes of hospitalization in children in developed countries and the leading cause of
death in children in developing countries [14-16]. CAP, diverse by etiology, can be quite challenging in terms of diagnosis and efficient
treatment. The viruses are the most commonly detected pathogens in children with CAP during the first two years of life, with RSV
consistently representing up to 40% of identified pathogens, while for school-aged children viral pneumonias constitute about half of CAP
cases. As children age, pneumonia incidence decreases, but bacterial pathogens become more prevalent [17,18]. In the list of etiologic
agents of bacterial pneumonia in children Streptococcus pneumoniae is still leading followed by Haemophilus influenzae type b (Hib)
and Moraxella catarrhalis, despite a significant decrease in morbidity due to efficient massive immunization against Hib, pneumococcus,
measles and pertussis during last three decades [14,15]. Mycoplasma pneumoniae and considerably less Chlamydia pneumoniae remain
the most common pathogens in young adolescents. Although majority of children with CAP are managed as outpatients, for moderate to

severe CAP a hospital admission is recommended, especially when risk factors or evidence of complications are present [15].

The microbial etiology and pathophysiology of CAP, as the most frequently occurring type of pneumonia, is different from nosocomial
pneumonia. The letter can be classified as hospital-acquired pneumonia (HAP), developed in 272 hrs after hospitalization, and ventilator-
associated pneumonia (VAP), that presents in > 48 hours after endotracheal intubation [19,20]. Development of HAP in children is mainly
associated with admission to hospital intensive care unit in relation to burns, surgery, transplantation etc. The prolonged hospital stay,
intubation, prior recent hospitalizations, as well as underlying comorbidities have been identified as risk factors for VAP [20-23]. Incidence
of VAP in pediatric intensive care units (PICUs) varies significantly around the world, with 1 to 63 episodes per 1000 ventilator days [24].
Bacteria colonizing the oropharyngeal epithelial lining of hospitalized patients may originate from the patient’s endogenous flora, other
patients, hospital personnel, or environmental sources. The risk of developing acute hospital bacterial respiratory infections increases in

the presence of any type of immunosuppression, such as mucosal disruption, organ transplantation, chemotherapy and other factors [25].

Although viral infections are leading nosocomial respiratory infections in pediatric hospitals, with RSV as a leading cause, bacterial

hospital infections, can lead to more serious consequences despite of significantly lower incidence and transmission frequency.
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Enterobacteriaceae (Escherichia coli, Klebsiella pneumoniae, Serratia, Enterobacter) and other gram-negative bacteria such as Pseudomonas
aeruginosa, Acinetobacter baumannii, are the predominant, and can be associated with a high mortality rate. The common Gram-positive
bacteria causing nosocomial pneumonia -Staphylococcus aureus and S. epidermidis - are believed to have a better outcome. In both types
of pneumonia, and especially for HAP an increasing problem is the emergence of multiple - drug resistant strains that makes infection
control in a PICU challenging [21,23,26].

In hospitalized pediatric patients, conditions such as laryngotracheal stenosis and prolonged mechanical ventilation often necessitate
tracheostomy, which itself increases the risk of bacterial colonization and subsequent lower respiratory tract infections. Currently,
approximately two-thirds of tracheostomies are performed in children under one year of age and typically remain for longer than in
adults [27]. Local and lower respiratory infections, manifested as either tracheitis, tracheobronchitis or pneumonia are among the most
frequent complications, affecting up to 90% of patients with tracheostomy tubes [27-29]. However, it's essential to distinguish between
colonization, which doesn’t require treatment, and acute infection, which may spread to the LRT. Long-term tracheostomized children
are at risk of colonization by highly drug-resistant strains of S. aureus and Gram-negative bacteria such as P. aeruginosa, A. baumannii and
Enterobacteriaceae, primarily Serratia spp. [S. Tsertsvadze., et al. 2025, paper in preparation]. Proper infection control-including standard
maintenance of tracheostomy tubes, sanitation of the upper respiratory tract, management of secretions, and aspiration precautions-

along with appropriate antimicrobial treatment, can help to prevent or minimize tracheostomy-related respiratory infections [30].

To track the evolving etiology landscape of pediatric respiratory infections, a multi-center study on outpatient epidemiology of
pediatric ARTIs was conducted [5]. Data from highly multiplexed PCR testing (BIOFIRE FILMARRAY Respiratory panels 1.7-EZ and 2.1-
EZ) at 16 pediatric centers during 2018-2023 showed pathogen detection rates ranging from 64.4% to 67.8%, with a clear predominance
of viral agents. Among specific viruses, human rhinovirus /enterovirus was the most common (27.2% - 39.6% per year), followed by
seasonal peaks of RSV and influenza. Among the four bacterial pathogens analyzed, M. pneumoniae showed a relative abundance of 3.5%
in the pre-pandemic period. Viral- bacterial co-infections were observed only for C. pneumoniae and M. pneumoniae. A separate study
[31] analyzed microbiota in acute and chronic pediatric respiratory conditions using data from 20 studies, covering 2,624 children. It
examined bacterial diversity in nasal and lower airway samples through 16S rRNA gene-based microbiota profiling in conditions such
as bronchiolitis, bronchiectasis, CF, asthma, wheeze, acute respiratory infections, chronic suppurative lung disease, and persistent
bacterial bronchitis. Higher relative abundance was found primarily for Streptococcus species, along with Prevotella, Haemophilus, and

Granulicatella. Pseudomonas spp., though infrequent, was identified as a key marker in cystic fibrosis (CF) patients.

Role of the respiratory tract microbiota

In the recent decade the knowledge on respiratory disease mechanisms and their varied manifestations in individuals has enriched
significantly. The DNA sequencing -based studies have identified complex bacterial communities in the airways of healthy individuals,
which may serve a protective function [31-33]. There is now a consensus on understanding of the interdependence between microbiota
imbalance, or dysbiosis, and disease. However, determining the extent to which a specific microbiota composition corresponds to the
manifestation and diagnosis of a particular disease remains somewhat controversial. The researchers agree that respiratory diseases
in childhood may be associated with impaired lung function in adulthood and the development of chronic diseases [31-36]. Particularly,
atypical development of the infant upper airway microbiota has been linked to unfavorable respiratory outcomes in older children with
potential continuation in adulthood [37,38].

The respiratory tract microbiota plays a critical role in the development and clinical outcomes of both - viral and bacterial infections,
influencing the host’s immune response, viral infectivity and the growth of potentially pathogenic bacteria. The microbiome in diseased
lower airways is believed to be altered in community composition, shifted from the Bacteroidetes phylum that dominates the healthy

lung microbiome towards Gammaproteobacteria, including common lung-associated gram-negative bacteria, that can use byproducts of
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host inflammation for their growth [39]. It was shown that adaptation of certain microbes, such as P. aeruginosa, in the nasopharyngeal

reservoir may lead to migration and persistence in the lower airways [40].

Several studies have highlighted the importance of respiratory tract microbiota in shaping clinical outcomes for patients hospitalized
with severe viral infections, particularly influenza. Langevin., et al. [41] conducted 16S rRNA gene sequencing and metagenomic
sequencing on retrospective URT samples collected from children with mild and severe influenza at the time of hospital admission. The
study revealed that bacterial diversity in the nasopharynx was strongly correlated with developed influenza severity. Particularly, patients
with severe influenza exhibited a higher abundance of certain bacterial genera, including Prevotella, Porphyromonas, Granulicatella,
Fusobacterium, and Haemophilus. The authors proposed that microbial signatures in patients could serve as prognostic biomarkers for
influenza outcomes. More recent study by Hernandez-Teran., et al. [42] investigated the association between LRT microbiota composition
and disease severity in patients with acute respiratory distress caused by influenza. Using 16S rRNA sequencing of LRT samples, the
researchers identified significant differences in microbiota diversity and composition between deceased and recovered patients. Notably,
prior antibiotic treatment correlated with reduced microbial diversity and a lower likelihood of survival in patients with influenza A,

while recovered patients exhibited greater richness and diversity in bacterial genera compared to diseased patients.

Respiratory microbiota can significantly differ in acute, short-term and chronic respiratory infections, which may persist for months
and are often unresponsive to standard antibacterial treatment, mainly due to resistance in pathogenic and opportunistic microorganisms.
This applies primarily to patients with compromised lungs, such as cystic fibrosis (CF) patients with regular development of refractory
infections. Recent studies indicated that CF is more common in developing regions than initially thought and its management can be
challenging for health care system in many countries [43]. Colonizing microflora in the lungs of CF patients permanently changes, more
frequently from S. aureus or H. influenzae to Achromobacter spp., bacteria of the Burkholderia cepacia complex (Bcc) or P. aeruginosa.
These pathogens are adapted to hostile environment of airways, the biofilm lifestyle, permanent competition with other co-infecting
agents and are characterized with high intrinsic or acquired antimicrobial resistance [44-46]. Similarly, the antibiotic-resistant bacteria
circulating in the hospital emergency care units such as methicillin-resistant S. aureus (MRSA), vancomycin resistant Enterococcus (VRE),
S. epidermidis, S. pneumoniae and growing number of gram-negative bacteria such as P. aeruginosa, A. baumannii and Enterobacteriaceae
(Klebsiella, Enterobacter, Serratia etc.) [26,47] are capable to colonize biotic and abiotic surfaces and form biofilms exhibiting 10 to 1000-

fold increased drug-resistance compared to their planktonic state [48,49], that can be associated with higher mortality rates [26].

Management of pediatric respiratory infections

In order to decrease frequency and severity of respiratory tract infections in children and adolescents application of combined
measures is recommended that aims primarily at prevention of viral URTIs along with eradication of nasopharyngeal colonization by
pathogenic bacteria [50]. Although vaccination is still believed to be best way for effective prevention and treatment for respiratory
viruses, the “portfolio’ of viral vaccines is not sufficient. Currently vaccines are widely available practically for influenza A-B, in parallel
with anti-influenza medications, such as oseltamivir, efficiently used in pediatric practice [51]. As to RSV control, the vaccines are available
to protect older adults from severe RSV while vaccines for pregnant mothers or monoclonal antibody products can be used to protect

infants and small children (https://www.cdc.gov/rsv/vaccines/protect-infants).

Bacterial respiratory infections, or mixed viral- bacterial infections, require proper antimicrobial treatment along with symptomatic
care. Over the last two decades the oral amoxicillin and/or amoxicillin-clavulanate, as an effective and considerably inexpensive antibiotic,
has been the commonly used first-line treatment for the most frequently encountered acute respiratory illnesses - CAP and streptococcal
pharyngitis. In the last case antibiotic treatment with penicillin V, amoxicillin or other antibiotics (if penicillin allergy is present) eliminates
the presence of GAS from the pharynx and diminishes the potential development of rheumatic fever [7,8,17,18]. The choice of antibiotics

for suspected bacterial pneumonia should be based on the etiological agent and the age of a child. For serious LRT infections, caused
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by methicillin resistant Staphylococcus aureus (MRSA), vancomycin or clindamycin as alternative, can be administered. For atypical
pneumonias, caused by M. pneumoniae or C. pneumoniae, macrolides and tetracyclines can be used at any age and > 7 years, respectively
[17,18]. In the treatment of hospital acquired respiratory infections, primarily HAP, caused by conventional or opportunistic pathogens
such as S. aureus, Enterobacteriaceae species, P aeruginosa, A. baumannii etc. early, appropriate, broad-spectrum antibiotic therapy
with adequate doses is prescribed depending on antimicrobial susceptibility testing results. It is recommended to use the potentiated
betalactams or cephalosporins for early onset VAP and piperacillin-tazobactam for late-onset VAP with addition of aminoglycosides if

Pseudomonas is suspected [24,52].

CAP was shown to be a major reason for prescribing oral antibiotics in children in primary care while respiratory infections in pediatric
hospitals, like HAP and VAP, are mainly associated with the systemic use of antibiotics [53,54]. The general principles and schemes
for empiric treatment of respiratory infections, in particular, nosocomial infections, include use of antibacterials against the commonly
encountered hospital pathogens, with specific modification for a particular microorganism identified. Although permanently updated,
many aspects of antibacterial treatment still need to be specified to get maximal coverage for Gram-negative and Gram-positive organisms
and considering emerging resistance to antibiotics, used in medical practice locally and worldwide. Certain fields of clinical medicine, and
pulmonology among them, are believed to be main consumers of antibiotics, thus and significantly contributing to the rise of antibiotic

resistance.

No doubt, the antibiotic therapy is vital in the majority of serious pediatric respiratory infections, but it’s also thought that at least one-
third of outpatient antibiotics prescribed by pediatricians are inappropriate (“just in case”), which can increase the risk of medication-
induced adverse effects. And most important, the non-rational use of antibiotics has been shown to directly influence the development of
antimicrobial resistance (AMR) in all age groups [15,54-56]. In the large-scale study of the European Antimicrobial Resistance Surveillance
Network (EARS-Net) in 2015, among reported antibiotic-resistant bacterial infections 63.5% were associated with healthcare settings,
with highest mortality rates observed among infants (< 1 year) and individuals over 65 years of age, reflecting an increasing trend

compared to previous years [56].

The rise of AMR along with dramatic delay in new antibiotic development have made managing pediatric respiratory infections
increasingly challenging. Therefore, it's crucial to follow well-established treatment protocols, with antimicrobial therapy decisions
based on expected pathogens, current epidemiology, patient age, and underlying health conditions. Timely and accurate pathogen
identification, along with susceptibility profiling, is critical for initiating effective, targeted antimicrobial interventions, especially in
hospitalized children. Identifying the microbial aetiology of pneumonia in children is particularly challenging. Taking samples through
procedures like bronchoalveolar lavage, pleural fluid sampling, or lung biopsy are seldom performed due to their invasiveness and the
need for anesthesia. Sputum and tracheal aspirates, or URT samples often used for pathogen detection, carry a high risk of contamination.
Considering this, careful interpretation of clinical and laboratory findings is recommended, alongside PCR detection of pathogens, before
initiating antibiotic treatment in children with CAP [15].

Alternative and adjunctive treatments for control of RTIs

Despite significant advancements in the treatment and control of respiratory tract infections (RTIs) over the past few decades, vaccines
remain unavailable for many of the pathogens responsible for these illnesses. Consequently, alternative prophylactic and treatment
strategies are essential. In recent years, research and practical applications in experimental and clinical medicine have increasingly
focused on alternative treatments that can supplement or replace antibiotics. Notably, the effects of antimicrobial peptides, beneficial
microorganisms (probiotics), bacterial lysates with immunomodulatory actions and most widely, the potential of naturally occurring
bacteriophages and their products have been extensively discussed in recent years. In this review, we briefly discuss the properties of

probiotics and bacterial lysates and their potential in managing respiratory diseases. A more comprehensive discussion on the potential
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and phage therapy (PT) we will provide later in a separate article. For the basic information on therapeutic bacteriophages and PT a

number of review papers can be recommended [57-60].

Probiotics are live  microorganisms  of  certain  genera (Lactobacillus, Bifidobacterium,  Saccharomyces,
Enterococcus, Streptococcus, Pediococcus, Leuconostoc, Bacillus, Escherichia coli etc.) which confer a health benefit on the host, mostly
associated with the release of anti-microbial substances and suppressing the growth of pathogenic microbes. Due to intrinsic resistance to
many antibiotics’ probiotics can be used in parallel with antimicrobial therapy. In addition, the immune-modulatory action of probiotics
supports restoring the immune homeostasis and strengthens the immune system of the host organism [61-64]. They can be effective in
management of URT infections and possible associated complications, by oral administration and nasal spray, resulting in prevention of
recurrent AOM or URT episodes, or shortening of duration of hospital stay in children. Probiotics may exert also certain antiviral effect

directly in probiotic-virus interaction or via stimulation of the immune system [64-66].

Bacterial lysates (BLs) are prepared from the microorganisms most frequently involved in different bacterial infections, and particularly,
RTIs, caused by S. pneumoniae, M. catarrhalis, K. pneumoniae, Micrococcus spp, Haemophilus influenza, S. pneumoniae and some viridans
group streptococci, P. aeruginosa etc. BLs are prepared by alkaline or thermal treatment and more frequently, by mechanical disruption of
bacterial cells. They contain mixtures of antigens of inactivated pathogens, cell wall components, cellular membranes, proteins, ribosomal
fractions, glycoproteins, DNA, and RNA etc. [67,68]. BLs are capable to exert local and systemic immunomodulatory effects, triggering
specific responses in local areas of the mucosal immune system. Bacterial cell wall components interact with toll-like receptors (TLRs)
on monocytes/macrophages, dendritic, or epithelial cells, activate lymphocytes and also trigger production of certain chemokines and
cytokines [67-69]. In the last two decades BLs have gained renewed attention in relation to their beneficial properties for children at high
risk of RTIs, measured by lowering frequency of exacerbations, duration of illness and decrease in number of antibiotic courses [70,71].
BL's showed positive effects in the management chronic bronchitis and chronic obstructive pulmonary disease (COPD), also potential for

preventing asthma exacerbations [67-69,72].

Probiotics are generally regarded as safe (GRAS) with many positive effects on the health of practically healthy individuals [73]. BLs
have been also found to be safe, with only minor and acceptable side effects but having a number of important beneficial effects on RTIs
[74]. However, still these biological preparations are mostly recommended for prevention of infectious disease, including respiratory
infections. A caution is needed in selecting and monitoring of particular biological preparations when administering for treatment RTIs
in patients with compromised immune systems, leaky gut or critical illnesses, considering appropriateness for the particular pathology,

patient’s age and immune competence.

Concluding Thoughts

Pediatric respiratory infections remain a leading cause of morbidity and mortality worldwide, particularly in young children. The
interplay between viral and bacterial pathogens, environmental factors, and host immune responses contributes to the complexity of
these infections. The respiratory tract microbiota plays a crucial role in disease susceptibility, progression, or recovery, influencing both

host immunity and pathogen colonization.

Current strategies for managing pediatric respiratory infections emphasize prevention through vaccination, early detection, and
targeted antimicrobial therapies. However, significant challenges remain since vaccines remain unavailable for many causative agents,
and standard treatments often fail in the presence of multidrug-resistant bacteria. Consequently, alternative therapies such as probiotics,
bacterial lysates, and therapeutic bacteriophages have gained increasing attention for their potential to enhance host immunity, reduce

colonization and infection severity. The importance of microbiome-targeted interventions, which may help restore microbial balance
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and mitigate infection risks, becomes more evident. Future research should focus on integrating conventional and emerging therapies

to develop comprehensive, individualized treatment strategies to ensure sustainable disease control and improved pediatric health

worldwide.
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