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Several studies suggest the importance of preserving the micro-ecosystem of commensal, symbiotic and pathogenic
microbes of the respiratory system, and, more recently, its relationship with the intestinal microbiome.

However, recent studies investigate how it leads to the maintenance of human health, also in relation to some factors
such as the effect of age, diet and others, making its composition and stability better understood.
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| 1. Introduction

New data in the current scientific literature show that the composition of the respiratory system microbiome differs in
health and disease conditions and that the microbial community as a collective entity can contribute to the
pathophysiological processes associated with chronic airway disease. The respiratory microbiome is less studied than
that of other areas, but it is believed to contribute to the host’s local immune education and to the development of
respiratory diseases, including allergies, asthma and others. In this review, was highlighted the current clinical
microbiology knowledge about the microbiota and the various lung diseases relationships, previously only indirectly
related to microbial pathogenesis, and the microbiota—pathogenesis relationship of lung infection, among the main causes
of diseases, in order to prevent and help in a targeted treatment of various lung diseases.

2. The Upper Respiratory Tract Microbiome (Airways Colonization and
Evolution during Life)

The upper respiratory system is anatomically related to an interconnected cavity system that includes the nostrils, rhino-
pharynx, and oropharynx, and communicates with the larynx and the middle cavity of the ear through the Eustachian tube.
The mucous surfaces of these areas are colonized by a wide range of bacteria belonging to the genera Firmicutes,
Actinobacteria, Bacteroidetes, Proteobacteria and Fusobacterial4lZl. The main functions of the upper respiratory system
are to filter, heat and humidify the air that passes through it before it reaches the lungs. The individual anatomical regions
have their own special characteristics (humidity, temperature, relative oxygen concentration, type of epithelial cells, etc.)
They create their microenvironment with the result that there are differences in the microbiome at lower taxonomic levels
of the microorganisms that colonize each region. The composition of the microbial community is influenced by
environmental factors and the interactions of microbes and their host immune system. Normal microbiota prevents the
formation of pathogenic microorganisms. The pathogen competes for attachment sites, for nutrients and is difficult to
install to multiply and cause disease. Competition between germs is also a factor shaping the microbiomelEIIALL]
Colonization of the upper respiratory tract begins at birth and the association of the original microbiome with health
established throughout a person’s life with three main modalities: (a) method of delivery (caesarean or normal); (b)
environment (habitat, diet etc.); and (c) antibiotics. The rhino-pharynx and oropharynx microbiome at birth and infancy
affected by the individual’'s environmental exposures, including breastfeeding. Environment habitat has an important role
in the develop of the immune system of the lung and the exposure in the first months of life to certain bacteria directs the
immunological activity of the child. Recent studies have highlighted how the integrity of the composition and correct
maturation of the microbiota in the first period of life can influence the prevention of certain lung diseases or can, in the
event of its alteration, cause different pathological statesM4LSIL8ILT |n the first period of life, the signals encoded by the
microbiome, both intestinal and pulmonary (Gut/Lung axis), are essential to target the maturation of the cells of the
epithelium of airways and affect the maturation of the immune system. However, when bacterial colonization took place in
the first year of their age, there seemed to be no association with hissing (wheezing) breath. At 1.5 months of age, five
groups predominate: Streptococcus, Moraxella, Staphylococcus, Corynebacterium or Corynebacterium/Dolosigranulum



(colonization by S. pneumoniae frequently occurs in children and is asymptomatic and this means that colonization is
short and progresses towards infection). The rhino-pharyngeal microbiota of the elderly seems to undergo profound
changes. However, it is unclear how these changes affect the composition and maintenance of the microbiome in the
upper respiratory tractLI[2&1191[20]

2.1. Nostrils

The area of the nostril does not differ much in the characteristics between children and adults. However, children have an
abundance of Streptococcaceae, Moraxellaceae and Neisseriaceae families, which have not been confirmed as a mere
dispersion from the nearby rhino-pharynx where they predominate or are the result of substantial differentiation of the
microbial community from that of adults. In addition, age-related local immunity affects the composition of the microbiome.
Antimicrobial peptides, local immune cells such as neutrophils and Natural killer cells (NK), are the first defense against
microorganismsWBILALL - The nostril microbiome is enriched mainly with members of the genera Actinobacteria
(Corynebacterium and Propionibacterium spp.) and Firmicutes (Streptococcus species in children and Staphylococcus
species in adults). In small amounts, there are anaerobes belonging to the genus Bacteroidetes. As for Proteobacteria,
their number varies greatly with studies that report a high abundance of Moraxellaceae in children and members of the
class Gammaproteobacteria in healthy adults WEILE The epithelium of the nostrils contains glands that secrete sebum,
and this is related to its selective enrichment with lipophilic bacteria such as Propionibacterium spp., able to metabolize
sebum lipids into short-chain fatty acids. The pH decreases and promotes the growth of Corynebacterium and
Staphylococcus coagulase. Moreover, the nostrils are rich in oxygen and humidity of contributes to the growth of
Staphylococcus aureus and Corynebacterium. Therefore, the simultaneous presence of Propionibacterium and
Staphylococcus spp. can be supported by different characteristics of the local environment. Their coexistence can be
supported by the production of coproporphyrin 11l by Propionibacterium spp., which promotes the formation of the
Staphylococcus aureus biofilm2I[L18]

2.2. Rhinopharynx

The rhino-pharyngeal microbiome ripples from the beginning of life onwards. Initially, there is a predominance of species
belonging to the genera Moraxella, Corynebacterium, Dolosigranulum, Streptococcus or Staphylococcus spp. and
possibly related to the mode of delivery (during caesarean section microbiome: Staphylococcus and Corynebacterium
spp. and the microbiome during vaginal delivery: Staphylococcus, Streptococcus and Dolosigranulum spp.), and the type
of diet. Later, in adults, there is a clear absence of Moraxella. The species that colonize the rhino-pharynx overlap with
species from nearby anatomical areas such as the oropharynx (Streptococcus spp) and the anterior roots (mainly aerobic
Gram-positive such as Staphylococcus, Dolosigranulum, Corynebacterium) UMY The Gram-negative anaerobes are
the same found mainly in the oropharynx and oral cavity, such as Prevotella and Veillonella spp mainly in the rhino-
pharynx of young children. The rhino-pharyngeal microbiome plays an important and beneficial role in maintaining the
balance of related species, preventing the growth of pathogens and host immunity!28/[19[20][21]

2.3. Oropharynx

The oropharynx, due to its location, is exposed to a wide variety of microorganisms of endogenous and exogenous origin.
It is anatomically linked to the oral cavity, the rhino-pharynx, the larynx, the lower respiratory tract, and the gastrointestinal
tract. The germs of the pharyngeal oral community can be transmitted to the lower respiratory tract in healthy and inhaled
patients. In the healthy adult, the rhino-pharynx is shown to colonize the genera Streptococcus, Haemophilus and
Neisseria spp. and Gram-negative anaerobic species Veillonella, Prevotella, Leptotrichia and Fusobacterium. Several
pathogens of the genus Streptococcus are found in the pharynx, such as S. pneumoniae, S. pyogenes (which can cause

serious disorders that are not limited to the pharynx, and can also cause septic shock) and S. agalactiae (Figure 1) 219
[18][22][23]
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Figure 1. Main bacteria genera and microbiome species of an adult in the upper respiratory tract.
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