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Abstract 

Chronic obstructive pulmonary diseases (COPD, bronchiectasis) are increasing 

in prevalence worldwide. The main task in the treatment of this diseases is to control 

the symptoms of the disease, prevent exacerbations and stop the progression.  Effective 

treatment remains a problematic issue, given the pathogenetic features of these 

nosologies.  An in-depth understanding of the effects of lung microbiome in pathology 

can shed light on these insufficiently studied issues, because in the human lungs is 

concentrated a huge number of microorganisms, which have a huge impact on body 

health and the development of diseases.  Each person is characterized by individually 

stable genotypes of microbial representatives.  Quantitative and qualitative changes of 

these microbiocenoses can have a significant impact on the development and outcomes 

of lung diseases.  Thus, Pseudomonas- and Haemophilus-dominant variants of the lung 

microbiome are associated with severe pulmonary pathology and frequent 

exacerbations.  This review highlights the main studies of lung microbiome in 

pathology and possible prospects for its regulation for therapeutic purposes. 

 

Key words: chronic pulmonary diseases, respiratory microbiome, COPD 

phenotypes. 

 

Microbiome is a complex of genetic material of all microorganisms in the 

environment [1]. Whereas the microbiota is an ecological community of symbiotic and 

pathogenic microorganisms that coexist in a specific environment (niche).  The main 

purpose of studying the microbiome is to understand that the human body is the host 

for a huge number of microorganisms that interact with it, as well as interact with each 

other and have a huge impact on both body health and the development of its diseases 

[2,3].  The deepening understanding of the role of the microbial world in the last decade 

has led to the emergence of new terms, for example, within the framework of 

"pharmacogenomics" the definition of "pharmacomicrobionomics" is proposed.  It is 

clear that the aim of this research is the interaction between pharmacological 

intervention and the effects of such effects on the microbiome and the course of the 

disease or on human health generally. 

According to the results of pharmacotherapy, a serious attitude to the 

microbiota of the human body is required, taking into account the genetic individual 

characteristics and polymorphism of each individual.  Moreover, it is necessary to take 
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into account some differences between the variants of microtopes in their localization 

in different organs - intestine, lungs, skin, genitals. 

The lung microbiome of a healthy person is characterized by inconsistency and 

depends on several main factors: 1) microbial immigration (movement of 

microorganisms from inhaled air, through microaspiration and directly from the 

mucous membrane); 2) the speed of movement of the cilia of the bronchial epithelium 

and the activity of the local immune system; 3) weather conditions of human habitation, 

which contribute to the development and growth of individual strains [4].  Airways 

diseases disrupt the morphology and structure of the lung parenchyma, thus changing 

the local conditions for the development and growth of microbial populations.  In 

chronic lung diseases (COPD, bronchiectasis) due to violations of the anatomical and 

morphological features of the respiratory tract and reduced mucociliary clearance 

(MCC), favorable conditions may be observed for rapid colonization by various 

pathogens and the development of chronic infection [5]. 

Bronchiectasis is a fairly common pathology of the lower respiratory tract, 

occurring in Europe in the range from 67 to 566 cases per 100 thousand population and 

more than 1200 per 100 thousand inhabitants of China, which causes significant 

damage to the economy of these countries [6]. 

Periodic episodes of exacerbations of the disease have a negative impact on the 

quality of patients’ life and their financial costs, cause progressive damage to the lung 

parenchyma and a high risk of death [7,8].  The quantitative and qualitative 

composition of microorganisms of the respiratory tract plays an important role in this.  

For example, a pathogen such as Pseudomonas aeruginosa, more than any other 

member of the bacterial flora is associated with rapid progression, unfavorable 

prognosis of bronchiectasis [9,10].  Thanks to modern molecular technologies used to 

study pulmonary microbial populations, it is now possible to understand the role of 

infectious agents in the pathophysiology of chronic respiratory diseases.  It is the 

pulmonary microbiocenosis that can form the phenotype/endotype of the disease, 

susceptibility and sensitivity to pharmacotherapy [11,12]. 

Microbiological studies in bronhciectasis have revealed a complex of different 

strains of microorganisms that are highly individual for each patient [13,14].  Quite an 

interesting study by Woo et al. [15] for 16 years demonstrated clear microbiome 

stability in each patient throughout the observation period.  Two completely different 

dominant microbiomes, Pseudomonas-associated and Haemophilus-associated, were 

identified in patients who maintained this profile for most of the time, despite the use 

of antibiotics [15].  Such results are in complete agreement with the results of crops in 

which P. aeruginosa or H. Influenza often persist for years on the background of 

appropriate pharmacotherapy [16]. 

Exacerbation of chronic lung disease can be caused by a number of bacteria, 

viruses and other environmental factors.  It is known that the bacterial "load" in the 

lungs is important in the processes of local inflammation and forms the response to 

therapy [17,18].  Changes in the microbiome during exacerbations of bronchiectasis 

are quite heterogeneous.  In some studies, the changes were quite minimal, while in 
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others - there were significant differences with the emergence of new species of 

microorganisms [14].  In the general conclusion made by Cox et al., there was no 

significant increase in bacterial load compared to baseline, and no other qualitative 

changes in the parameters of the microbiome during exacerbations.  This does not prove 

that the microbiome is not involved in exacerbations of disease, but different variants 

of exacerbations may be the result of certain identified subtypes.  In addition, no 

differences in bacterial load were detected either during exacerbation, or after 

treatment, or after remission. 

In a double-blind, placebo-controlled, randomized BLESS study 

(Bronchiectasis and Low Dose Erythromycin Study), low doses of erythromycin (400 

mg twice daily) were administered to patients with a stable course of disease for 48 

weeks [19].  As a result, there was a significant reduction in exacerbations compared 

with placebo.  After analysis of the patient’s microbiomes, it was found that 

Haemophilus-dominant microbiome was associated with a small number of 

exacerbations, while patients with Pseudomonas or Veillonella microbiome profiles 

predominated among exacerbations [20]. It is known that patients with Pseudomonas-

associated type have a worse prognosis, frequent exacerbations, rapid decline in lung 

function, increased sputum production and higher requirement for administration of 

antibiotics [21,22,23].  In the same study, Pseudomonas and Haemophilus-dominant 

microbiomes were associated with a significant decline of lungs function compared to 

other microbiome profiles (FEV1 - 56.8%, 69.9% and 73.1%, respectively) [20]. 

Based on the BLESS cohort of patients, the microbiome was also compared 

with the severity of the inflammatory process (IL-1β in sputum, IL-8, matrix 

metalloproteinases (MMPs) and plasma C-reactive protein (CRP)).  Multigenic 

microbiome was negatively associated with inflammatory markers, including CRP, 

sputum IL-1β, and IL-8.  A completely opposite picture was found in patients with 

Pseudomonas and Haemophilus-dominant types - the level of markers of inflammation 

in patients with bronchiectasis was significantly higher compared to other variants 

[20,24]. Stratification of patients according to microbiome type also demonstrated the 

association of Haemophilus-dominant microbiome with significantly higher levels of 

metalloproteinases (MMP2 and MMP8) compared to Pseudomonas microbiome. 

Another pulmonary disease, which is characterized by a classic example of the 

interaction of genes, environmental factors and human microbiocenosis may be COPD.  

The rapid increase in the incidence of COPD, high mortality (up to 10%) create 

significant socio-economic losses in developed countries.  Among the pathogenetic 

components of COPD, along with the aggressive effects of nicotine and stimulation of 

the cholinergic system, the leading role is played by chronic inflammation of the 

respiratory tract, MCC disorders and colonization by pathogens.  In 2018, a group of 

international scientists identified a potential marker of exacerbation of COPD with a 

high mortality rate [25]. Not surprisingly, there was a prognostic imbalance between 

certain representatives of microorganisms - Veillonella, a representative of the residual 

microflora of the oral cavity, and pathogenic Staphylococcus.  Veillonella (+) COPD 

phenotypes were characterized by a positive disease course (reduced exacerbations, 
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lower frequency of hospitalizations) compared with Veillonella (-) phenotypes.  In the 

absence of the specified representative in a sputum of patients increase of one-year 

mortality of patients in 13 times was noted.  Conversely, the presence of 

Staphylococcus (+) in patients with COPD resulted in a 7-fold increase in the risk of 

one-year mortality and an increase in hospital stay. 

Thus, the search for associations between the lung microbiome and the degree 

of progression of chronic lung disease requires further study and research.  Clarification 

of the spectrum of microbial associations of the respiratory tract in the context of 

exacerbations of chronic lung pathology should be considered a necessary reality 

today.  At the same time, the recommendations of empirical antibiotic therapy and the 

introduction of international protocols with emphasis on broad-spectrum drugs 

virtually eliminate the individual characteristics of each patient, which certainly cannot 

be considered appropriate and safe. 
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