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Abstract. Tuberculosis remains one of the leading causes of death from infectious diseases worldwide. 
To date, some progress has been made in the fight against this serious disease, but problems such 
as the multidrug resistance of Mycobacterium tuberculosis and tuberculosis/HIV coinfection are of 
serious concern. A significant discovery was the discovery of microbiota in the distal parts of the 
respiratory tract — respiratory bronchioles and alveoli, which, as it turned out, plays an important 
role in maintaining local immunity and protecting against pathogens. It has been established 
that in healthy people this locus is dominated by commensals, for example Prevotella, whereas 
in tuberculosis dysbiosis develops: species diversity decreases and the number of opportunistic 
microorganisms (Streptococcus, Neisseria) increases. This specific microbiota profile can serve as 
a diagnostic and prognostic marker, helping to detect the disease at an early stage and predict the 
risk of developing drug resistance of Mycobacterium tuberculosis. At the same time, tuberculosis 
therapy restores the normal composition of the lung microbiota, but at the same time promotes the 
growth of antibiotic resistance among opportunistic bacteria. A promising area is the management 
of the lung microbiota. The development of inhaled probiotics opens up new opportunities for 
tuberculosis prevention and improved treatment effectiveness, especially in complex cases of 
multidrug resistance of Mycobacterium tuberculosis. Thus, the study of the lung microbiota marks 
the transition to personalized approaches in the fight against tuberculosis.
Keywords: tuberculosis, lung microbiota, bronchoalveolar lavage, pathobionts, tuberculosis therapy, 
16S ribosomal RNA gene sequencing, shotgun complete genome sequencing, new generation 
metagenomic sequencing, inhaled probiotics, horizontal gene transfer
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Резюме. Туберкулез остается одной из ведущих причин смертности от инфекционных за-
болеваний во всем мире. На сегодняшний день достигнут определенный прогресс в борьбе 
с этим тяжелым заболеванием, но такие проблемы, как множественная лекарственная 
устойчивость микобактерий туберкулеза и коинфекции туберкулез/ВИЧ, вызывают серьез-
ную обеспокоенность. Значимым открытием стало обнаружение микробиоты в дистальных 
отделах дыхательного тракта — респираторных бронхиолах и альвеолах, которая, как вы-
яснилось, играет важную роль в поддержании местного иммунитета и защите от патогенов. 
У здоровых людей в этом локусе доминируют комменсалы, например Prevotella, тогда как 
при туберкулезе развивается дисбиоз: снижается видовое разнообразие и увеличивается 
численность условно-патогенных микроорганизмов (Streptococcus, Neisseria). Этот специфи-
ческий профиль микробиоты может служить диагностическим и прогностическим маркером, 
помогая выявлять болезнь на ранней стадии и прогнозировать риск развития лекарственной 
устойчивости микобактерий туберкулеза. Противотуберкулезная терапия при этом восста-
навливает нормальный состав микробиоты легких, но одновременно способствует росту 
антибиотикорезистентности среди условно-патогенных бактерий. Перспективным направ-
лением является управление микробиотой легких. Разработка ингаляционных пробиотиков 
открывает новые возможности для профилактики туберкулеза и повышения эффективности 
лечения, особенно в сложных случаях множественной лекарственной устойчивости мико-
бактерий туберкулеза. Таким образом, изучение микробиоты легких знаменует переход к 
персонализированным подходам в борьбе с туберкулезом.
Ключевые слова: тубе ркулез, микробиота легких, бронхоальвеолярный лаваж, пато-
бионты, противотуберкулезная терапия, секвенирование гена 16S рибосомальной РНК, 
секвенирование полного генома методом дробовика, метагеномное секвенирование нового 
поколения, ингаляционные пробиотики, горизонтальный перенос генов
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INTRODUCTION
Despite significant progress made by the global 

community in the fight against tuberculosis (TB), 
the disease remains a pressing concern. It is still a 
source of anxiety for scientists, clinicians, and public 
health officials.

According to the 2024 Global Tuberculosis Report 
published by the World Health Organization (WHO), 
in 2023 TB once again became the leading cause 
of death among all infectious diseases, displacing 
COVID-19 (CoronaVIrus Disease 2019), which had 
dominated in the previous three years [1]. The COVID-19 
pandemic severely damaged the health care systems 
of many countries and became one of several factors 
preventing humanity from achieving the WHO’s 2025 
TB elimination targets [2].

Thanks to significant efforts by the Russian health-
care system, Russia joined the ranks of 13 countries 
that managed to reduce TB deaths by 50% or more 
between 2015 and 2023. In 2021, the WHO removed 
Russia from the list of countries with a high TB bur-
den. However, our country still remains on the so-
called Global TB Watchlist [1, 3]. This is primarily due 
to problems with TB caused by multidrug-resistant 
(MDR-TB) strains of the Mycobacterium tuberculosis
complex (MTB) and co-infection caused by MTB and 
the human immunodeficiency virus (TB/HIV) in the 
Russian Fe deration [3, 4].

Currently, the Russian Federation is also seeing 
a sustained positive trend in the TB epidemic among 
children [5], but sporadic cases of late-stage TB dia-
gnosis in this population group mean that physicians 
of all specialties must remain vigilant regarding this 
infection.

Thus, measures for the prevention, diagnosis, 
and treatment of TB require constant improvement. 
Since TB is the result of a complex interaction 
between MTB and the host’s immune system [6], 
which is significantly modulated by the pulmonary 
microbiota [7], a detailed study of the latter is of 
particular relevance.

NORMAL LUNG MICROBIOTA
Previously, the respiratory bronchioles and alveoli 

were considered completely sterile [8]. However, it is 
now known that all sections of the respiratory tract in 
a healthy person, including the lower respiratory tract, 
are colonized by various commensal microorganisms: 
bacteria, viruses, fungi [9], and, according to the latest 
data, even archaea [10] .

It is believed that the microbiota of the lower res-
piratory tract (LRT) is exclusively transient. Never-

theless, its composition in conditionally healthy indi-
viduals remains relatively constant due to a dynamic 
equilibrium between the influx of microorganisms, the 
upper respiratory tract (URT) and the host’s immune 
response [11, 12]. Researchers have figuratively 
named this model “Yin and Yang” [13], as the optimal 
qualitative and quantitative composition of the micro-
biota (eubiosis) arises from the dynamic interplay of 
various forces.

It should be noted that the URT system consists of 
the nasal cavity, nasopharynx, and oropharynx, while 
the LRT includes the larynx, trachea, bronchi, bronchi-
oles, and alveoli [14].

The LRT microbiota in a healthy individual is pri-
marily composed of phyla such as Pseudomonadota
(Proteobacteria), Bacillota (Firmicutes), and Bacteroi-
dota (Bacteroides), which together account for about 
90% of the bacteria inhabiting this area [15] At the ge-
nus level, the following taxa predominate: Veillonella, 
Prevotella, Sphingomonas, Pseudomonas, Acineto-
bacter, Fusobacterium, Megasphaera, Staphylococ-
cus, and Streptococcus [16].

It is important to note that the microbiota of the 
LRT has been studied mainly by molecular genetic 
methods. Traditional culture-based methods almost 
never yield results [17]. Detection of DNA fragments 
does not allow us to determine whether they origi-
nate from a living or a dead bacterial cell. There-
fore, it is extremely difficult to establish which mi-
croorganisms are resident and which are transient 
in the LRT.

The nasal cavity is colonized by Corynebacterium, 
Propionibacterium, Staphylococcus spp., Moraxella, 
Pseudomonadota (Proteobacteria), and Fusobacterium 
[14]. Corynebacterium and Staphylococcus dominate 
the nasopharynx [18]. The oropharynx is inhabited by 
Streptococcus, Haemophilus, Neisseria, Prevotella, 
Veillonella, and Leptotrichia [14].

The microbiota of the URT is richer than in the LRT 
in both quantitative and qualitative terms. However, 
their composition largely correlates due to the direct 
connection between these two sites [19]. In addition, 
the upper respiratory tract represents an ecological 
niche for important pathobionts: Streptococcus pneu-
moniae, Haemophilus influenzae, and Staphylococ-
cus aureus (S. aureus). These are symbiotic micro-
organisms, however, they can cause disease under 
certain conditions [20].

Viruses found in the respiratory tract include 
families such as Picornaviridae, Paramyxoviridae, 
Orthomyxoviridae, Coronaviridae, Adenoviridae, 
Parvoviridae, Herpesviridae, Anelloviridae, Papillo-
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maviridae, Polyomaviridae, and numerous bacterio-
phages [21].

Fungi are predominantly represented by the ge-
nera Aspergillus, Cladosporium, Eurotium, Penicil-
lium, and several others [22].

Archaea in the respiratory tract include such types 
as Euryarchaeota (e.g., Methanobrevibacter smithii as a 
result of microaspiration from the gastrointestinal tract), 
Thaumarchaeota (representatives of the skin and up-
per respiratory tract microbiota) and Woesearchaeota, 
which are specific to the lower respiratory tract. Their 
role in a healthy organism and in pathological condi-
tions has not yet been sufficiently studied [23].

Some representatives of the normal human res-
piratory tract microbiota are shown in the diagram 
(Fig. 1).

The beneficial role of the respiratory tract micro-
biota is extremely diverse. In particular, it ensures the 
formation of a balanced immune response, preven ting 
the development of excessive inflammation when ex-
posed to harmless antigens [24] . It also inhibits the 

proliferation of pathogenic microorganisms by compe-
ting with them [25]; enhances antiviral immunity [26]; 
prevents the development of lung cancer [27]; and, 
through the production of various bioactive substanc-
es, participates in forming the “gut-lung axis” [28].

A disruption in the qualitative and quantitative 
composition of the respiratory tract microbiota, or 
dysbiosis, can lead to impairment of the aforemen-
tioned protective functions and declined resistance to 
both specific [29] and nonspecific respiratory infec-
tions [24, 30].

Factors leading to respiratory tract dysbiosis in-
clude smoking, air pollution, immunodeficiency states 
(including HIV/AIDS), infectious and non-infectious 
respiratory diseases, the use of antibacterial drugs, 
medical interventions (mechanical ventilation, bron-
choscopy, etc.), as well as an imbalance in the gut 
microbiota and diseases of other organs and systems 
[11, 31, 32]. Figure 2 illustrates the functions of the 
lung microbiota as well as factors leading to its imba-
lance.

Микробиота респираторного тракта
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Грибы
Fungi

Aspergillus
Cladosporium
Eurotium
Penicillium
Fusarium

Picornaviridae
Paramyxoviridae
Orthomyxoviridae
Coronaviridae
Adenoviridae
Parvoviridae
Herpesviridae
Anelloviridae
Papillomaviridae
Polyomaviridae

Pseudomonadota
Fusobacterium
Corynebacterium
Propionibacterium
Moraxella
Staphylococcus
Haemophilus
Neisseria
Prevotella
Veillonella
Leptotrichia,
в том числе 
патобионты 
Including pathobionts

Филы
Phyla

Pseudomonadota
Bacillota
Bacteroidota.

Рода
Genera

Veillonella
Prevotella
Sphingomonas
Pseudomonas
Acinetobacter
Fusobacterium
Megasphaera
Staphylococcus
Streptococcus 
и другие 
and others

Woesearchaeota
Euryarchaeota
Thaumarchaeota

Вирусы
Viruses

Бактерии
Bacteria

Верхние дыхательные 
пути

Upper respiratory tract

Нижние дыхательные 
пути

Lower respiratory tract

Археи 
Archaea

Fig. 1. Microbiota of the respiratory tract (the figure is prepared by the authors of this article)
Рис. 1. Микробиота респираторного тракта (рисунок авторов данной статьи)
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a schematic diagram of the relationship between 
respiratory tract dysbiosis, pulmonary TB, and non-
specific infection.

Tuberculosis Impact on Lung Microbiome
In 2022, Chinese researchers conducted a large-

scale study examining the lung microbiome profile in 
patients with TB [34]. Bronchoalveolar lavage fluid 
samples were collected to study the lung microbiota, 
which is more informative than sputum analysis, as 
sputum collection inevitably introduces microorga-
nisms from the nasopharynx and oral cavity into sam-
ple [15]. The qualitative and quantitative composition 
of the microbiota was determined using metagenomic 
next-generation sequencing (mNGS). 

Samples obtained from healthy individuals in the 
control group contained higher levels of Prevotella
mela ninogenica (P. melaninogenica) and Ralstonia 
pickettii (R. pickettii), while samples from patients with 
untreated TB contained S. aureus and Neisseria spp. 
[34]. These results are partially consistent with data 
from a 2019 meta-analysis, according to which Strep-
tococcus and Neisseria were more common in TB pa-
tients (35.01 and 27.1% of the total, respectively), while 
Prevotella was more common in healthy individuals 
from the control group (36.9%) [35]. The same study 
reported that Veillonella, Rothia, Leuconostoc, and
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Fig. 2. The functions of the lung microbiota and the factors leading to its imbalance (the figure is prepared by the authors of this article)
Рис. 2. Функции микробиоты легких и факторы, приводящие к ее дисбалансу (рисунок авторов данной статьи)
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Fig. 3. A schematic diagram of the relationship between dysbi-
osis, pulmonary tuberculosis and nonspecific infection 
(the figure is prepared by the authors of this article)

Рис. 3. Принципиальная схема взаимосвязи дисбиоза респира-
торного тракта, туберкулеза легких и неспецифической 
инфекции (рисунок авторов данной статьи)

Thus, a bidirectional relationship or vicious cy-
cle is formed. Both TB and nonspecific lung infec-
tions can lead to local dysbiosis, which increases 
susceptibility to these diseases [33]. Fig. 3 presents 
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Lactobacillus were detected only in TB patients and 
found in 7, 8, 4, 3, 2, and 1.8% of patients, respectively. 
In addition, the genera Gammaproteobacteria, Haemo-
philus, and Actinobacillus were found only in healthy in-
dividuals from the control group [35]. Differences in the 
composition of the lung microbiota at the genus level 
between TB patients and healthy individuals from the 
control group are shown in Fig. 4 [34].

It is worth noting that the proportion of MBT in TB 
patients, according to some data, accounts for only 
about 0.06% of the total number of all bacteria detec-
ted in sputum analysis [36].

Whether TB or respiratory tract dysbiosis is the pri-
mary factor remains uncertain. However, MBT appear 
to significantly influence the lung microenvironment, 
thereby promoting proliferation of certain microorga-
nisms and suppressing others [34].

Additionally, according to the literature, the micro-
biota identified in TB patients’ sputum via 16S rRNA 
gene sequencing may vary significantly at the genus 
level depending on resistance or susceptibility of MTB 
to various drugs (Fig. 5) [36]. Thus, it has been estab-
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prevalence of microorganisms of different species; 
DS — drug-sensitive tuberculosis; MR-INH — monoresis-
tance isoniazid; MR-RFP — monoresistance rifampicin; 
MDR — multidrug resistance; PR — polyresistance (this 
is resistance to two first-line anti-tuberculosis drugs and 
more, while maintaining sensitivity to at least isoniazid 
and rifampicin simultaneously) (https://cdn.ncbi.nlm.
nih.gov/pmc/blobs/ca0b/8040397/f0e6c4a78ba9/ijms-
v18p1935g003.jpg) 

Рис. 5. Состав микробиоты верхних дыхательных путей на 
уровне рода у пациентов с туберкулезом, вызванным 
микобактериями туберкулеза с различными профилями 
чувствительности к противотуберкулезным препаратам. 
Относительная распространенность — распространен-
ность микроорганизмов разных видов; DS — лекарст-
венно-чувствительный туберкулез; MR-INH — монорези-
стентность к изониазиду; MR-RFP — монорезистентность 
к рифампицину; MDR — множественная лекарственная 
устойчивость; PR — полирезистентность (это устойчи-
вость к двум противотуберкулезным препаратам перво-
го ряда и более при сохранении чувствительности как 
минимум к изониазиду и рифампицину одновременно) 
(https://cdn.ncbi.nlm.nih.gov/pmc/blobs/ca0b/8040397/
f0e6c4a78ba9/ijmsv18p1935g003.jpg)

lished that Delftia can serve as a potential diagnostic 
marker for identifying patients with TB caused by MTB 
resistant to rifampicin; Kingella and Chlamydophila — to 
isoniazid; and Bordetella — to rifampicin and isoniazid 
(in patients with MDR to the pathogen) [36].
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ANTITUBERCULOSIS THERAPY 
AND LUNG MICROBIOME

The lung microbiome is significantly influenced by 
antituberculosis therapy (ATT) [34, 37]. All patients 
included in the study had drug-sensitive TB and re-
ceived treatment according to the following regimen: 
2 months of HRZE (isoniazid, rifampicin, pyrazi-
namide, and ethambutol) and 4 months of HR (iso-
niazid and rifampicin). The microbial composition of 
healthy individuals, TB patients receiving ATT during 
the study, and patients who had recently completed 
a course of chemotherapy (clinically cured with bac-
teriological confirmation) was similar. However, there 
was a marked difference in the taxonomic profile of 
the microbiota among those patients with pulmonary 
TB who were not receiving treatment during the study. 
It was noted that the opportunistic pathogen S. aureus
was significantly more prevalent in the group of pa-
tients with untreated TB, while the relative abundance 
of R. pickettii and P. melaninogenica, conversely, was 
much lower [34]. It has been reported that R. picket-
tii is capable of converting ethionamide into its active 
form, and a decrease in its abundance in patients with 
TB may negatively affect treatment outcomes [38]. 
According to some data, bacteria of the genus Prevo-
tella play a positive role in maintaining lung function 
and controlling inflammation. Accordingly, a decrease 
in the abundance of P. melaninogenica may be as-
sociated with impaired lung function and an excessive 
inflammatory response [39].

Overall, microbial diversity in patients with untrea-
ted TB was significantly lower than in other groups. 
Thus, ATT rapidly restored normal microbial composi-
tion in this study, contrary to expectations [34]. Appa-
rently, this is due to the strong local effect of MBT on 
the microecology of the lower respiratory tract. There 
are studies both confirming [40] and refuting this ob-
servation [37].

At the same time, ATT undoubtedly has negative 
consequences as well. Of the four drugs prescribed 
to patients in the study, rifampicin is a broad-spec-
trum antibiotic and may lead to the development of 
antibiotic resistance, including in opportunistic patho-
gens [34]. Other broad-spectrum antibiotics used in 
various TB treatment regimens include rifabutin and 
rifapentine; fluoroquinolones (levofloxacin, moxifloxa-
cin, sparfloxacin); aminoglycosides (kanamycin, ami-
kacin, capreomycin); carbapenems (the combination 
drug imipenem + cilastatin and meropenem); and the 
semi-synthetic penicillin antibiotic in combination with 
a beta-lactamase inhibitor—amoxicillin + clavulanic 
acid [3]. It has been demonstrated that ATT increases 
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Fig. 6. The abundance of different lung microbiota resistance 
genes in different observation groups. Average ARG 
Abundance — average number of antibiotic resistance 
genes; UTG — the untreated pulmonary TB group; 
TTG — the treated pulmonary TB group; CTG — the 
cured pulmonary TB group (https://cdn.ncbi.nlm.nih.gov/
pmc/blobs/3411/8865484/d7e5b5637cde/spectrum.01901-
21-f005.jpg) 

Рис. 6. Количество различных генов резистентности микробиоты 
легких в разных группах наблюдения. UTG — пациенты с 
туберкулезом, не получавшие лечения; TTG — пациенты 
с туберкулезом в процессе лечения; CTG — пациенты, 
излеченные от туберкулеза легких в недавнем прош-
лом (https://cdn.ncbi.nlm.nih.gov/pmc/blobs/3411/8865484/
d7e5b5637cde/spectrum.01901-21-f005.jpg)

the diversity and number of genes responsible for 
antimicrobial resistance across an entire microbial 
community. This raises concerns regarding the poten-
tial development of nonspecific respiratory infections 
in patients caused by antibiotic-resistant strains of 
pathobionts during or after ATT. A histogram showing 
the number of different resistance genes in the pulmo-
nary microbiota across different observation groups is 
presented in Fig. 6 [34].

It should be noted that nonspecific lung infections 
complicating the course of TB are often caused not by 
the patient’s own pathobionts, but by hospital-acquired 
strains of microorganisms circulating within hospitals 
with antibiotic resistance profiles specific to them 
[41]. This is particularly relevant during prolonged 
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hospitalization of patients with tuberculosis, as well 
as during their stay in intensive care units, especial-
ly when mechanical ventilation is used, which is not 
uncommon among patients with TB/HIV coinfection, 
whose immune systems are, moreover, severely com-
promised [42–44].

In addition, horizontal gene transfer must be men-
tioned in this context. This process occurs when a 
microorganism transfers genetic material to another 
microorganism that is not its descendant via various 
mobile genetic elements (plasmids, transposons, in-
tegrons) [45]. Thanks to this mechanism, resistance 
determinants can rapidly spread among pathogens 
causing nosocomial infections, including those be-
longing to the so-called ESKAPE group, which poses 
a significant problem for both individual hospitals and 
healthcare systems worldwide [46].

However, it is encouraging that horizontal gene 
transfer is not possible between M. tuberculosis and 
pathogens of nonspecific infections. Currently, the 
evolution of M. tuberculosis, including the acquisition 
of drug resistance, is entirely driven by spontaneous 
mutations, genomic recombination, gene duplication, 
and selective pressure [47]. Nevertheless, pathogeni-
city clusters have been identified in the M. tuberculo-
sis genome. They may have been acquired by the mi-
croorganism from external sources during its phylog-
eny and account for its high virulence. Furthermore, 
other mycobacteria, such as Mycobacterium avium 
and Mycobacterium marinum, are currently actively 
exchan ging mobile genetic elements both with each 
other and with taxonomically distant microorganisms. 

Thus, we cannot exclude the possibility that, sooner 
or later in the future, conditionally pathogenic myco-
bacteria will evolve from pathogens of predominantly 
opportunistic infections into pathogens that are no 
less dangerous than MTB [47]. It is particularly impor-
tant to take this fact into account given the increasing 
frequency of mycobacterial infections not only among 
individuals with HIV infection but also among the im-
munocompetent population [48]. Figure 7 presents 
a network diagram illustrating the exchange of con-
served genes among various mycobacteria [47].

DIAGNOSTIC SIGNIFICANCE 
OF ASSESSING LUNG MICROBIOME 
IN ASSOCIATION WITH TUBERCULOSIS

Therefore, assessing the lung microbiome appears 
to be an important diagnostic tool for pulmonologists 
and other specialists. Patients with TB have a unique 
lung microbiome profile, and its determination can 
help verify TB in early stages, conduct differential 
diagnosis between TB and lung cancer, as well as 
other pathologies, and predict the severity of TB, the 
likelihood of a secondary nonspecific infection, and 
the development of drug resistance in a specific pa-
tient [34–36, 49]. Furthermore, since respiratory tract 
dysbiosis is one of the risk factors for developing TB, 
modifying a microbal composition could help to pre-
vent TB [50, 51].

Currently, three main molecular genetic me thods 
are used to study the microbiota. Each of these 
methods has its own advantages and disadvanta-
ges: 16S rRNA gene sequencing [52], whole-genome 
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M. tuberculosis group [NC_000962, NC_002755 NC_002945, 
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Fig. 7. A reticulate network showing the events of the exchange of conserved genes between different Mycobacteria (https://cdn.
ncbi.nlm.nih.gov/pmc/blobs/d4f0/4331801/b230cfc44751/1471-2148-15-S1-S2-4.jpg)

Рис. 7. Сетчатая структура, демонстрирующая события обмена консервативными генами между различными микобактериями 
(https://cdn.ncbi.nlm.nih.gov/pmc/blobs/d4f0/4331801/b230cfc44751/1471-2148-15-S1-S2-4.jpg)
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Table 1
Comparison of some molecular genetic methods of microbiota research 

Таблица 1
Сравнение некоторых молекулярно-генетических методов исследования микробиоты

Характеристика
Char acteristic

 Секвенирование 
гена 16S рибосомальной РНК 

16S ribosomal RNA 
Gene Sequencing [52]

Секвенирование полного генома 
методом дробовика

Shotgun Whole-Genome 
Sequencing [53]

Метагеномное секвенирование 
нового поколения

Next-generation metagenomic 
sequencing (mNGS) [54]

Объект секвениро-
вания
Sequencing facility

Один ген (16S рибосомальной 
РНК)
A single gene (16S ribosomal RNA)

Весь геном одной изолированной 
бактерии
The entire genome of a single, isolated 
bacterium

Вся ДНК/РНК из образца (бактерии, 
археи, вирусы, грибы)
All DNA/RNA from a sample (bacteria, 
archaea, viruses, fungi)

Принцип метода
The principle 
of the method

Амплификация и секвенирование 
консервативного гена с вариабель-
ными регионами для идентифика-
ции таксонов 
Amplification and sequencing 
of a conserved gene with variable 
regions to identify taxa

Случайная фрагментация всей ДНК 
бактерии, секвенирование фраг-
ментов и «сборка» полного генома 
Random fragmentation of the entire 
bacterial DNA, sequencing fragments 
and “assembling” the complete 
genome

Секвенирование всей ДНК/РНК, 
извлеченной из образца среды, 
с последующей сборкой и таксономи-
ческим/функциональным анализом
Sequencing of all DNA/RNA extracted from 
a medium sample, followed by assembly 
and taxonomic/functional analysis

Разрешающая 
способность
Resolution capacity

Уровень рода, реже вида
Genus-level, rarely species-level

Уровень штамма, возможно 
определение генов вирулентности 
и резистентности
Strain level, possible determination 
of virulence and resistance genes

Уровень вида, иногда штамма. 
Дает представление о функцио-
нальном потенциале сообщества
Species-level, sometimes strain-level. 
Functional potential of the community

Количественная 
оценка
Quantitative 
assessment

Относительная численность микро-
организмов в микробном сообще-
стве (доля в сообществе)
Relative abundance (proportion within 
the community)

Невозможна (метод используют 
для чистой культуры) 
Not applicable (the method is used 
for pure culture)

Относительная и абсолютная 
численность микроорганизмов (при 
использовании методов калибровки) 
Relative and absolute abundance 
of microorganisms (when using 
calibration methods)

Основное приме-
нение 
Main application

Оценка таксономического профиля 
сообщества, альфа- и бета-разно-
образия 
Taxonomic profile of a community, 
alpha- and beta-diversity

Детальное изучение конкретного 
микроорганизма: геномика, виру-
лентность, эволюция 
Detailed study of a specific 
microorganism: genomics, virulence, 
evolution

Полная картина сообщества: 
таксоны и гены вирулентности, 
резистентности и т.д. (то есть 
функциональный потенциал)
The full picture of the community: taxa 
and genes of virulence, resistance, etc. 
(i.e. functional potential)

Преимущества 
метода 
Advantages of the 
method

Низкая стоимость, стандартизиро-
ванный метод, наличие больших 
баз данных 
Low cost, standardized method, 
availability of large databases

«Золотой стандарт» для изучения 
индивидуальных геномов, высокая 
разрешающая способность
The “gold standard” for studying 
individual genomes, high resolution

Наиболее полная информация без 
необходимости культивирования
The most complete information without 
the need for cultivation

Недостатки метода
Disadvantages 
of the method

Низкое разрешение, не дает 
представления о функциональном 
потенциале сообщества, ПЦР-
амплификация вносит искажения, 
не применяется для изучения 
вирусов и грибов
Low resolution, does not provide an 
idea of the functional potential of 
the community, PCR amplification 
introduces distortions, and is not used 
to study viruses and fungi

Требует выделения и культивиро-
вания чистой культуры (трудоем-
кость)
Requires isolation and cultivation 
of pure culture (labor intensity)

Высокая стоимость, сложный 
анализ, требует больших вычисли-
тельных мощностей
High cost, complex analysis, requires 
a lot of computing power

Note: PCR — polymerase chain reaction.
Примечание: ПЦР — полимеразная цепная реакция.
The table is prepared by the authors
Таблица составлена авторами
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shotgun sequencing [53], and mNGS [54]. A compari-
son of these methods for sequencing the microbiota’s 
genetic material is presented in Table 1.

All methods have their own unique capabilities and 
limitations, making them complementary tools in the 
modern microbiologist’s arsenal.

As mentioned above, the upper respiratory tract 
is colonized by a much greater variety of microor-
ganisms than the lower respiratory tract. Therefore, 
certain aspects of sampling from the latter deserve 
special mention. To avoid unwanted contamination, 
the following techniques are used: rinsing the mouth 
before the procedure, refraining from aspiration du-
ring bronchoscope insertion until it enters the tra-
chea, and the use of protected sampling methods 
[55]. These methods include protected bronchoal-
veolar lavage, in which a sterile protected catheter 
is passed through the working channel of the bron-
choscope, after which sterile saline is introduced 
and aspirated from the distal airways, and protected 
brush biopsy (protected brush biopsy), which in-
volves keeping the brush within a special sheath 
before and after obtaining material from the area of 
interest [55]. Performing these procedures can be 
associated with significant difficulties and requires 
specific training for endoscopists. Figure 8 shows 
a photograph from the endoscope camera depic-
ting bronchoalveolar lavage fluid in the bronchial 
lumen, which, when properly obtained, should have 
a foamy look.

When studying the microbiota of the lower respira-
tory tract, it is essential to examine control samples, 
namely flushing fluid from a working channel, uninocu-
lated sterile saline solution, and throat swabs, which 

undergo the same analysis as main samples [56].
Then, using bioinformatics methods, a “subtraction” is 
performed: the number of counts of all microbial taxa 
detected in the additional controls is subtracted from 
the corresponding counts obtained from the main sam-
ples, which allows to exclude contaminants from the 
final analysis [55, 56].

INHALED PROBIOTICS 
IN TREATMENT AND PREVENTION 
OF LUNG DISEASES

As described above, the normal lung microbiota 
performs a large number of beneficial functions [24–
28]. In this regard, it is proposed to use special probio-
tics for inhalation to treat and prevent various infec-
tious and non-infectious lung diseases [49, 50].

There are a number of challenges in developing 
probiotics that can be delivered to the lungs by means 
of inhalation. Particles with a diameter of 1–5 μm are 
considered ideal for accumulating in the lungs. Larger 
particles are cleared retrograde via mucociliary clea-
rance, while smaller ones are cleared with exhaled 
air [57]. Therefore, to ensure the required particle 
size, drug delivery systems such as microcapsules, 
microspheres, liposomes, and niosomes (similar to li-
posomes but containing synthetic nonionic surfactants) 
are preferred [51].

Careful selection of a device is also necessary to 
ensure effective delivery of probiotics into the lungs. 
Nebulizers with vibrating mesh technology and “soft 
mist” inhalers (respirators) are best suited for this 
task [58]. One limitation is that the preparation must 
be soluble in water or in a mixture of water and etha-
nol to prevent filter clogging [59]. Another option is 
the use of dried powdered probiotics via dry powder 
inhalers. Lactose is used as a carrier in approximate-
ly 90% of dry powder inhalers that are currently avai-
lable on the market. Consequently, the drug under 
development must remain stable and effective in the 
presence of lactose [51].

Already today, there are proposals to use an in-
haled biotherapeutic preparation based on lactoba-
cilli for treating bronchopulmonary dysplasia in pre-
term newborns and chronic obstructive pulmonary 
disease. It has demonstrated its efficacy in various 
experimental models in vitro and in vivo [60]. There 
are proposals to consider lung microbiota transplan-
tation by analogy with gut microbiota transplanta-
tion [61].

Inhaled probiotics will be undoubtedly useful for 
treating and preventing infectious lung diseases [50, 
51], including TB. The use of such preparations is 

Fig. 8. A photograph of foamy bronchoalveolar lavage fluid in 
the bronchial lumen, taken using an endoscope camera 
(from the personal archive of A.V. Derevyanko)

Рис. 8. Фотография пенистой бронхоальвеолярной лаважной 
жидкости в просвете бронха, сделанная при помощи ка-
меры эндоскопа (из личного архива А.В. Деревянко)
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particularly promising in treating TB caused by drug-
resistant mycobacteria or complicated by a nonspe-
cific infection, as well as for the rapid normalization 
of the lung microbiota in convalescents. This area is 
highly interesting for future scientific research.

The lung microbiota is a highly active participant 
in maintaining respiratory homeostasis. By sha ping 
local immunity and providing colonization resis-
tance, it acts as a key factor in defense against res-
piratory pathogens, including M. tuberculosis [24, 
25, 33, 34].

As studies have shown, tuberculosis infection has a 
profound effect on lung microbial communities, leading 
to characteristic dysbiosis. Specifically, this involves a 
decrease in biodiversity, a reduction in commensals 
such as Prevotella, and an increase in the abundance 
of pathobionts [34, 35]. This specific profile has sig-
nificant diagnostic and prognostic potential and opens 
up prospects for developing non-invasive methods for 
detecting TB in cases that are difficult to diagnose, as-
sessing the risk of drug resistance, and predicting di-
sease progression. It is important to note that mo dern 
anti-tuberculosis chemotherapy may partly restore 
normal lung microbiota composition but simultaneous-
ly induces the selective growth of antibiotic-resistant 
strains among opportunistic pathogens [34, 40, 62].

In this regard, modulating the lung microbiota ap-
pears to be an extremely promising strategy in com-
bating TB. The development of inhaled probiotics and 
methods for correcting pulmonary dysbiosis could 
become a new tool for improving treatment efficacy, 
especially in cases of drug-resistant TB, as well as 
for preventing the disease in at-risk populations, in-
cluding children [50, 51, 60, 61].

Thus, an in-depth study of the microecology of the 
respiratory tract opens new horizons for phthisiology, 
heralding a transition to more personalized and ef-

fective approaches in the diagnosis, treatment, and 
prevention of one of the oldest and most socially sig-
nificant infections in human history.

ADDITIONAL INFORMATION
Author contribution. I.A. Baranov — review con-

cept, writing the final text of the article; N.V. Tivirikin — 
writing and editing the test, developing infographics; 
A.V. Derevyanko — editing the text, providing photo 
materials; D.P. Gladin, M.E. Lozovskaya — manage-
ment, editing the text; E.S. Zubareva, N.S. Kozlova — 
writing and editing the text.

All authors made a substantial contribution to the 
conception of the study, acquisition, analysis, interpre-
tation of data for the work, drafting and revising the ar-
ticle, final approval of the version to be published and 
agree to be accountable for all aspects of the study.

Competing interests. The authors declare that 
they have no competing interests.

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Вклад авторов. И.А. Баранов — концепция об-

зора, написание финального текста статьи; Н.В. Ти-
вирикин — написание и редактирование теста, раз-
работка инфографики; А.В. Деревянко — редакти-
рование текста, предоставление фотоматериалов; 
Д.П. Гладин, М.Э. Лозовская — руководство, редак-
тирование текста; Е.С. Зубарева, Н.С. Козлова — 
написание и редактирование текста.

Все авторы внесли существенный вклад в раз-
работку концепции, проведение исследования и 
подготовку статьи, прочли и одобрили финальную 
версию перед публикацией.

Конфликт интересов. Авторы декларируют 
отсутствие явных и потенциальных конфликтов 
интересов, связанных с публикацией настоящей 
статьи.

REFERENCES
1. World Health Organization. Global tuberculosis report. 2024.

WHO; 2024.
2. WHO. Documentation for World Health Assembly 67. URL: http://

apps.who.int/gb/ebwha/pdf_fi les/WHA67/A67_11-en.pdf ( ac-
cessed: 20/11/2025).

3. Clinical recommendations. Tuberculosis in adults. 2024–2025–
2026 (05/15/2024). Approved by the Ministry of Health of the 
Russian Federation.  URL: https://gptd-gorlovka.gosuslugi.ru/net-
cat_files/8/9/1415_kr24A15A19MZ.pdf (accessed: 25/11/2025).  
(In Russ.).

4. World Health Organization. WHO global lists of high burden 
countries for tuberculosis (TB), TB/HIV and multidrug/ rifam-
picin-resistant TB (MDR/RR-TB), 2021–2025: background 
document. Geneva. World Health Organization; 2021. URL: 
https://apps.who.int/iris/handle/10665/341980 (accessed: 
20/11/2025).

5. Clinical recommendations. Tuberculosis in children. 2024–
2025–2026 (09/18/2024). Approved by the Ministry of Health of 
the Russian Federation.  URL: https://disuria.ru/_ld/16/1648_
kr24A15A19kMZ.pdf (accessed: 20/11/2025). (In Russ.).

6. Mayanskiy A.N. Pathogenetic microbiology. Nizhny Novgorod: 
NGMA Publishing House; 2006. 518 p. (In Russ.).



RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ2026;11(1):7–22

18 ORIGINAL PAPERS
ОРИГИНАЛЬНЫЕ СТАТЬИ

RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ2026;11(1):7–22

18 PATHOPHYSIOLOGY — MEDICINE
ПАТОФИЗИОЛОГИЯ — МЕДИЦИНЕ

7. Mathieu E., Escribano-Vazquez U., Descamps D. et al. Para-
digms of Lung Microbiota Functions in Health and Disease, 
Particularly, in Asthma. Front Physiol. 2018;9:1168. https://doi.
org/10.3389/fphys.2018.01168.

8. Gleeson K., Eggli D.F., Maxwell S.L. Quantitative aspiration du-
ring sleep in normal subjects. Chest. 1997;111(5):1266–1272. 
https://doi.org/10.1378/chest.111.5.1266.

9. Zakharova I.N., Kasianova A.N., Klimov L.Ya. et al. The micro-
biome of the respiratory tract: what is known today? Pediatriya. 
2018;(4):10–17. (In Russ.). https://doi.org/10.26442/24138460.2
018.4.180129. 

10. Pausan M.R., Csorba C., Singer G. et al. Exploring the Archaeome: 
Detection of Archaeal Signatures in the Human Body. Front Micro-
biol. 2019;10:2796. https://doi.org/10.3389/fmicb.2019.02796.

11. Man W.H., de Steenhuijsen Piters W.A., Bogaert D. The microbiota of 
the respiratory tract: gatekeeper to respiratory health. Nat Rev Micro-
biol. 2017;15(5):259–270. https://doi.org/10.1038/nrmicro.2017.14.

12. Dickson R.P., Erb-Downward J.R., Freeman C.M. et al. Spatial 
variation in the healthy human lung microbiome and the adap-
ted island model of lung biogeography. Ann Am Thorac Soc.
2015;12(6):821–830.

13. Saeedi P., Salimian J., Ahmadi A., Imani Fooladi A.A. The tran-
sient but not resident (TBNR) microbiome: a Yin Yang model 
for lung immune system. Inhal Toxicol. 2015;27(10):451–461. 
https://doi.org/10.3109/08958378.2015.1070220.

14. Stoma I.O. Microbiota of the respiratory system. In: Respiratory 
medicine. In 4 volumes. A.G. Chuchalin, ed. 3rd ed., additional 
and revised. Moscow: Pulmomedia; 2024. Vol. 1, ch. 6. P. 264–
267. (In Russ.).

15. Feng Z.H., Li Q., Liu S.R. et al. Comparison of Composition and 
Diversity of Bacterial Microbiome in Human Upper and Lower 
Respiratory Tract. Chin Med J (Engl). 2017;130(9):1122–1124. 
https://doi.org/10.4103/0366-6999.204934.

16. Kozyrev E.A., Babachenko I.V., Sidorenko S.V. Modern aspects 
of the study of respiratory microbiota and its role in the develop-
ment of lower respiratory tract infections. Infektsionnyye bolezni.
2022;20(1):99–106. (In Russ.) https://doi.org/10.20953/1729-
9225-2022-1-99-106.

17. Dickson R.P., Erb-Downward J.R., Huffnagle G.B. Towards an 
ecology of the lung: new conceptual models of pulmonary mi-
crobiology and pneumonia pathogenesis. Lancet Respir Med.
2014;2(3):238–246. https://doi.org/10.1016/S2213-2600(14)
70028-1.

18. Andriyanova I.V. Microecological characteristics of the nasopha-
ryngeal microbiota of healthy children in various age groups. Mat 
i Ditya v Kuzbasse. 2023;2(93):10–16. (In Russ.).

19. Dickson R.P., Erb-Downward J.R., Freeman C.M. et al. Bacterial 
topography of the healthy human lower respiratory tract. MBio.
2017;8(1):e02287–16. https://doi.org/10.1128/mBio.02287-16.

20. Kelly M.S., Shi P., Boiditswe S.C. et al. The role of the microbiota 
in respiratory virus-bacterial pathobiont relationships in the upper 
respiratory tract. medRxiv [Preprint]. 2024:2024.10.22.24315478. 

https://doi.org/10.1101/2024.10.22.24315478. Update in: Nat 
Commun. 2025;16(1):5195. https://doi.org/10.1038/s41467-025-
60552-4.

21. Wylie K.M. The Virome of the Human Respiratory Tract. 
Clin Chest Med. 2017;38(1):11–19. https://doi.org/10.1016/j.
ccm.2016.11.001.

22. Pulvirenti G., Parisi G.F., Giallongo A. et al. Lower Airway Mi-
crobiota. Front Pediatr. 2019;7:393. https://doi.org/10.3389/fped. 
2019.00393.

23. Koskinen K., Pausan M.R., Perras A.K. et al. First Insights 
into the Diverse Human Archaeome: Specific Detection of 
Archaea in the Gastrointestinal Tract, Lung, and Nose and 
on Skin. mBio. 2017;8(6):e00824–17. https://doi.org/10.1128/
mBio.00824-17.

24. Yang D., Xing Y., Song X., Qian Y. The impact of lung microbiota 
dysbiosis on inflammation. Immunology. 2020;159(2):156–166. 
https://doi.org/10.1111/imm.13139.

25. Zelasko S., Swaney M.H., Sandstrom S. et al. Early-life upper 
airway microbiota are associated with decreased lower respirato-
ry tract infections. J Allergy Clin Immunol. 2025;155(2):436–450. 
https://doi.org/10.1016/j.jaci.2024.11.008.

26. Jiang X., Zhang S. Respiratory microbiota, host immu-
nity, respiratory viral infections and malignant tumors. 
Front Microbiol. 2025;16:1626077. https://doi.org/10.3389/
fmicb.2025.1626077.

27. Wang D., Cheng J., Zhang J. et al. The Role of Respiratory Mi-
crobiota in Lung Cancer. Int J Biol Sci. 2021;17(13):3646–3658. 
https://doi.org/10.7150/ijbs.51376.

28. Stricker S., Hain T., Chao C.M., Rudloff S. Respiratory and Intes-
tinal Microbiota in Pediatric Lung Diseases-Current Evidence of 
the Gut-Lung Axis. Int J Mol Sci. 2022;23(12):6791. https://doi.
org/10.3390/ijms23126791.

29. Neamatollahi A.N., Tarashi S., Ebrahimzadeh N. et al. Blood 
and sputum microbiota composition in Afghan immigrants 
and Iranian subjects with pulmonary tuberculosis. Iran J Mi-
crobiol. 2024;16(3):342–350. https://doi.org/10.18502/ijm.
v16i3.15766.

30. Sakwinska O., Bastic Schmid V., Berger B. et al. Nasopharyn-
geal microbiota in healthy children and pneumonia patients. J 
Clin Microbiol. 2014;52(5):1590–1594. https://doi.org/10.1128/
JCM.03280-13.

31. Li R., Li J., Zhou X. Lung microbiome: new insights into the 
pathogenesis of respiratory diseases. Signal Transduct Target 
Ther. 2024;9(1):19. https://doi.org/10.1038/s41392-023-01722-y.

32. Liu C., Wu K., Sun T. et al. Effect of invasive mechanical ven-
tilation on the diversity of the pulmonary microbiota. Crit Care.
2022;26(1):252. https://doi.org/10.1186/s13054-022-04126-6.

33. Perumal R., Somboro A.M., Tulsi J. et al. The gut and lung mi-
crobiome across the TB disease spectrum. Front Microbiol.
2025;16:1643900. https://doi.org/10.3389/fmicb.2025.1643900.

34. Xiao G., Cai Z., Guo Q. et al. Insights into the Unique Lung 
Microbiota Profile of Pulmonary Tuberculosis Patients 



RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ 2026;11(1):7–22

19ORIGINAL PAPERS
ОРИГИНАЛЬНЫЕ СТАТЬИ

RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ 2026;11(1):7–22

19PATHOPHYSIOLOGY — MEDICINE
ПАТОФИЗИОЛОГИЯ — МЕДИЦИНЕ

Using Metagenomic Next-Generation Sequencing. Microbiol Spectr. 
2022;10(1):e0190121. https://doi.org/10.1128/spectrum.01901-21.

35. Eshetie S., van Soolingen D. The respiratory microbiota: 
new insights into pulmonary tuberculosis. BMC Infect Dis.
2019;19(1):92. https://doi.org/10.1186/s12879-019-3712-1.

36. Lin D., Wang X., Li Y. et al. Sputum microbiota as a potential 
diagnostic marker for multidrug-resistant tuberculosis. Int J Med 
Sci. 2021;18(9):1935–1945. https://doi.org/10.7150/ijms.53492.

37. Zhang M., Shen L., Zhou X., Chen H. The Microbiota of Human 
Lung of Pulmonary Tuberculosis and the Alteration Caused by 
Anti-tuberculosis Drugs. Curr Microbiol. 2022;79(11):321. https://
doi.org/10.1007/s00284-022-03019-9.

38. Dodge A.G., Richman J.E., Johnson G., Wackett L.P. Metabolism 
of thioamides by Ralstonia pickettii TA. Appl Environ Microbiol.
2006;72(12):7468–7476. https://doi.org/10.1128/AEM.01421-06.

39. O’Neill K., Bradley J.M., Johnston E. et al. Reduced bacterial 
colony count of anaerobic bacteria is associated with a worsen-
ing in lung clearance index and inflammation in cystic fibrosis. 
PLoS One. 2015;10(5):e0126980. https://doi.org/10.1371/jour-
nal.pone.0126980.

40. Hu Y., Kang Y., Liu X. et al. Distinct lung microbial community 
states in patients with pulmonary tuberculosis. Sci China Life Sci.
2020;63(10):1522–1533. https://doi.org/10.1007/s11427-019-1614-0.

41. Kang T., Kim T., Ryoo S. Detection of airborne bacteria from 
patient spaces in tuberculosis hospital. Int J Mycobacteriol.
2020;9(3):293–295. https://doi.org/10.4103/ijmy.ijmy_115_20.

42. Ferreira M.D., Neves C.P.D., Souza A.B. et al. Predictors of mor-
tality among intensive care unit patients coinfected with tubercu-
losis and HIV. J Bras Pneumol. 2018;44(2):118–124. https://doi.
org/10.1590/s1806-37562017000000316.

43. Vasilyeva E.B., Klochkova L.V., Korol O.I. et al. Tuberculosis in 
children and adolescents: A guide. Saint Petersburg: Piter; 2005. 
432 p. (In Russ.). EDN: TAMADF.

44. Levanovich V.V., Timchenko V.N., Arkhipova Yu.A. et al. HIV in-
fection at the turn of the century. Saint Petersburg: N-L Publi-
shing House; 2012. 496 p. (In Russ.). EDN: VGTUWB.

45. Arnold B.J., Huang I.T., Hanage W.P. Horizontal gene trans-
fer and adaptive evolution in bacteria. Nat Rev Microbiol.
2022;20(4):206–218. https://doi.org/10.1038/s41579-021-00650-4.

46. Das S., Bombaywala S., Srivastava S. et al. Genome plasticity 
as a paradigm of antibiotic resistance spread in ESKAPE patho-
gens. Environ Sci Pollut Res Int. 2022;29(27):40507–40519. 
https://doi.org/10.1007/s11356-022-19840-5.

47. Reva O., Korotetskiy I., Ilin A. Role of the horizontal gene ex-
change in evolution of pathogenic Mycobacteria. BMC Evol Biol.
2015;15 Suppl 1(Suppl 1):S2. https://doi.org/10.1186/1471-2148-
15-S1-S2.

48. Anisimova A.I., Pavlova M.V., Archakova L.I. et al. Mycobacterio-
sis of the lungs: difficulties of diagnosis and treatment (literature 
review). Meditsinskiy Alians. 2020;8(1):25–31. ( In Russ.).

49. Ding L., Liu Y., Wu X. et al. Pathogen Metagenomics Reveals 
Distinct Lung Microbiota Signatures Between Bacteriologi-

cally Confirmed and Negative Tuberculosis Patients. Front Cell 
Infect Microbiol. 2021;11:708827. https://doi.org/10.3389/
fcimb.2021.708827.

50. Yagi K., Huffnagle G.B., Lukacs N.W., Asai N. The Lung Microbi-
ome during Health and Disease. Int J Mol Sci. 2021;22(19):10872. 
https://doi.org/10.3390/ijms221910872.

51. Yuksel N., Gelmez B., Yildiz-Pekoz A. Lung Microbiota: Its Rela-
tionship to Respiratory System Diseases and Approaches for Lung-
Targeted Probiotic Bacteria Delivery. Mol Pharm. 2023;20(7):3320–
3337. https://doi.org/10.1021/acs.molpharmaceut.3c00323.

52. Kristensen M., de Koff E.M., Chu M.L. et al. 16S rRNA-Based 
Microbiota Profiling Assists Conventional Culture Analysis of 
Airway Samples from Pediatric Cystic Fibrosis Patients. Micro-
biol Spectr. 2023;11(3):e0405722. https://doi.org/10.1128/spec-
trum.04057-22.

53. Yen T.Y., Hsu C., Lee N.C. et al. Signatures of lower respira-
tory tract microbiome in children with severe community-acquired 
pneumonia using shotgun metagenomic sequencing. J Micro-
biol Immunol Infect. 2025;58(1):86–93. https://doi.org/10.1016/j.
jmii.2024.11.011.

54. Almas S., Carpenter R.E., Singh A. et al. Deciphering Microbiota 
of Acute Upper Respiratory Infections: A Comparative Analy-
sis of PCR and mNGS Methods for Lower Respiratory Traffi-
cking Potential. Adv Respir Med. 2023;91(1):49–65. https://doi.
org/10.3390/arm91010006.

55. Grønseth R., Drengenes C., Wiker H.G. et al. Protected sam-
pling is preferable in bronchoscopic studies of the airway 
 micro biome. ERJ Open Res. 2017;3(3):00019–2017. https://doi.
org/10.1183/23120541.00019-2017.

56. Cai Y., Fan Y., Chen A. et al. Characteristics of upper and lower 
respiratory tract microbiota after lung transplantation. Respir Res.
2025;26(1):160. https://doi.org/10.1186/s12931-025- 03235-4.

57. Mehta P. Dry Powder Inhalers: A Focus on Advancements in 
Novel Drug Delivery Systems. J Drug Deliv. 2016;2016:8290963. 
https://doi.org/10.1155/2016/8290963.

58. Wachtel H., Kattenbeck S., Dunne S., Disse B. The Respimat® 
Development Story: Patient-Centered Innovation. Pulm Ther.
2017;3:19–30. https://doi.org/10.1007/s41030-017-0040-8.

59. Pritchard J.N. Industry guidance for the selection of a delivery 
system for the development of novel respiratory products. Ex-
pert Opin Drug Deliv. 2015;12(11):1755–1765. https://doi.org/
10.1517/17425247.2015.1056148.

60. Nicola T., Wenger N., Xu X. et al. A lactobacilli-based inhaled live 
biotherapeutic product attenuates pulmonary neutrophilic inflam-
mation. Nat Commun. 2024;15(1):7113. https://doi.org/10.1038/
s41467-024-51169-0.

61. Khatiwada S., Subedi A. Lung microbiome and coronavirus 
disease 2019 (COVID-19): Possible link and implications. 
Hum Microb J. 2020;17:100073. https://doi.org/10.1016/j.hu-
mic.2020.100073.

62. Querido S.M., Back-Brito G.N., Dos Santos S.S. et al. Op-
portunistic microorganisms in patients undergoing anti-



RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ2026;11(1):7–22

20 ORIGINAL PAPERS
ОРИГИНАЛЬНЫЕ СТАТЬИ

RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ2026;11(1):7–22

20 PATHOPHYSIOLOGY — MEDICINE
ПАТОФИЗИОЛОГИЯ — МЕДИЦИНЕ

biotic therapy for pulmonary tuberculosis. Braz J Micro-
biol. 2011;42(4):1321–1328. https://doi.org/10.1590/S1517-
838220110004000012.

ЛИТЕРАТУРА
1. World Health Organization. Global tuberculosis report. 2024. 

WHO; 2024.
2. WHO. Documentation for World Health Assembly 67. URL: http://

apps.who.int/gb/ebwha/pdf_fi les/WHA67/A67_11-en.pdf (дата 
обращения: 20.11.2025).

3. Клинические рекомендации. Туберкулез у взрослых. 2024–
2025–2026 (15.05.2024). Утверждены Минздравом РФ. 
URL: https://gptd-gorlovka.gosuslugi.ru/netcat_files/8/9/1415_
kr24A15A19MZ.pdf (дата обращения: 25.11.2025).

4. World Health Organization. WHO global lists of high burden 
coun tries for tuberculosis (TB), TB/HIV and multidrug/ rifampicin- 
resistant TB (MDR/RR-TB), 2021–2025: background docu-
ment. Geneva: World Health Organization; 2021. URL: https://
apps.who.int/iris/handle/10665/341980 (дата обращения: 
20.11.2025).

5. Клинические рекомендации. Туберкулез у детей. 2024–2025–
2026 (18.09.2024). Утверждены Минздравом РФ. URL: https://
disuria.ru/_ld/16/1648_kr24A15A19kMZ.pdf (дата обращения: 
25.11.2025)

6. Маянский А.Н. Патогенетическая микробиология. Нижний 
Новгород: Изд-во НГМА; 2006. 518 с.

7. Mathieu E., Escribano-Vazquez U., Descamps D. et al. Para-
digms of Lung Microbiota Functions in Health and Disease, 
Particularly, in Asthma. Front Physiol. 2018;9:1168. https://doi.
org/10.3389/fphys.2018.01168.

8. Gleeson K., Eggli D.F., Maxwell S.L. Quantitative aspiration du-
ring sleep in normal subjects. Chest. 1997;111(5):1266–1272. 
https://doi.org/10.1378/chest.111.5.1266.

9. Захарова И.Н., Касьянова А.Н., Климов Л.Я. и др. Микробиом 
респираторного тракта: что известно сегодня? Педиатрия.
2018;(4):10–17. https://doi.org/10.26442/24138460.2018.4.180129.

10. Pausan M.R., Csorba C., Singer G. et al. Exploring the Ar-
chaeome: Detection of Archaeal Signatures in the Human 
Body. Front Microbiol. 2019;10:2796. https://doi.org/10.3389/
fmicb.2019.02796.

11. Man W.H., de Steenhuijsen Piters W.A., Bogaert D. The micro-
biota of the respiratory tract: gatekeeper to respiratory health. 
Nat Rev Microbiol. 2017;15(5):259–270. https://doi.org/10.1038/
nrmicro.2017.14.

12. Dickson R.P., Erb-Downward J.R., Freeman C.M. et al. Spatial 
variation in the healthy human lung microbiome and the adap-
ted island model of lung biogeography. Ann Am Thorac Soc.
2015;12(6):821–830.

13. Saeedi P., Salimian J., Ahmadi A., Imani Fooladi A.A. The tran-
sient but not resident (TBNR) microbiome: a Yin Yang model 
for lung immune system. Inhal Toxicol. 2015;27(10):451–461. 
https://doi.org/10.3109/08958378.2015.1070220.

14. Стома И.О. Микробиота респираторной системы. В кн.: Респи-
раторная медицина. В 4 т. А.Г. Чучалин, ред. 3-е изд., доп. и 
перераб. М.: ПульмоМедиа; 2024. Т. 1, гл. 6. С. 264–267.

15. Feng Z.H., Li Q., Liu S.R. et al. Comparison of Composition and 
Diversity of Bacterial Microbiome in Human Upper and Lower 
Respiratory Tract. Chin Med J (Engl). 2017;130(9):1122–1124. 
https://doi.org/10.4103/0366-6999.204934.

16. Козырев Е.А., Бабаченко И.В., Сидоренко С.В. Современные 
аспекты изучения респираторной микробиоты и ее роль в 
развитии инфекций нижних дыхательных путей. Инфекцион-
ные болезни. 2022;20(1):99–106. https://doi.org/10.20953/1729-
9225-2022-1-99-106.

17. Dickson R.P., Erb-Downward J.R., Huffnagle G.B. Towards an 
ecology of the lung: new conceptual models of pulmonary mi-
crobiology and pneumonia pathogenesis. Lancet Respir Med. 
2014;2(3):238–246. https://doi.org/10.1016/S2213-2600(14)
70028-1.

18. Андриянова И.В. Микроэкологическая характеристика микро-
биоты носоглотки здоровых детей в различных возрастных 
группах. Мать и дитя в Кузбассе. 2023;2(93):10–16.

19. Dickson R.P., Erb-Downward J.R., Freeman C.M. et al. Bacterial 
topography of the healthy human lower respiratory tract. MBio. 
2017;8(1):e02287–16. https://doi.org/10.1128/mBio.02287-16.

20. Kelly M.S., Shi P., Boiditswe S.C. et al. The role of the microbiota 
in respiratory virus-bacterial pathobiont relationships in the upper 
respiratory tract. medRxiv [Preprint]. 2024:2024.10.22.24315478. 
https://doi.org/10.1101/2024.10.22.24315478. Update in: Nat 
Commun. 2025;16(1):5195. https://doi.org/10.1038/s41467-025-
60552-4.

21. Wylie K.M. The Virome of the Human Respiratory Tract. 
Clin Chest Med. 2017;38(1):11–19. https://doi.org/10.1016/j.
ccm.2016.11.001.

22. Pulvirenti G., Parisi G.F., Giallongo A. et al. Lower Airway Micro-
biota. Front Pediatr. 2019;7:393. https://doi.org/10.3389/fped. 
2019.00393.

23. Koskinen K., Pausan M.R., Perras A.K. et al. First Insights into 
the Diverse Human Archaeome: Specific Detection of Archaea in 
the Gastrointestinal Tract, Lung, and Nose and on Skin. mBio.
2017;8(6):e00824–17. https://doi.org/10.1128/mBio.00824-17.

24. Yang D., Xing Y., Song X., Qian Y. The impact of lung microbiota 
dysbiosis on inflammation. Immunology. 2020;159(2):156–166. 
https://doi.org/10.1111/imm.13139.

25. Zelasko S., Swaney M.H., Sandstrom S. et al. Early-life upper 
airway microbiota are associated with decreased lower respirato-
ry tract infections. J Allergy Clin Immunol. 2025;155(2):436–450. 
https://doi.org/10.1016/j.jaci.2024.11.008.

26. Jiang X., Zhang S. Respiratory microbiota, host immunity, re-
spiratory viral infections and malignant tumors. Front Microbiol.
2025;16:1626077. https://doi.org/10.3389/fmicb.2025.1626077.

27. Wang D., Cheng J., Zhang J. et al. The Role of Respiratory 
Micro biota in Lung Cancer. Int J Biol Sci. 2021;17(13):3646–
3658. https://doi.org/10.7150/ijbs.51376.



RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ 2026;11(1):7–22

21ORIGINAL PAPERS
ОРИГИНАЛЬНЫЕ СТАТЬИ

RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ 2026;11(1):7–22

21PATHOPHYSIOLOGY — MEDICINE
ПАТОФИЗИОЛОГИЯ — МЕДИЦИНЕ

28. Stricker S., Hain T., Chao C.M., Rudloff S. Respiratory and Intes-
tinal Microbiota in Pediatric Lung Diseases-Current Evidence of 
the Gut-Lung Axis. Int J Mol Sci. 2022;23(12):6791. https://doi.
org/10.3390/ijms23126791.

29. Neamatollahi A.N., Tarashi S., Ebrahimzadeh N. et al. Blood 
and sputum microbiota composition in Afghan immigrants 
and Iranian subjects with pulmonary tuberculosis. Iran J Mi-
crobiol. 2024;16(3):342–350. https://doi.org/10.18502/ijm.
v16i3.15766.

30. Sakwinska O., Bastic Schmid V., Berger B. et al. Nasopharyn-
geal microbiota in healthy children and pneumonia patients. 
J Clin Microbiol. 2014;52(5):1590–1594. https://doi.org/10.1128/
JCM.03280-13.

31. Li R., Li J., Zhou X. Lung microbiome: new insights into the patho-
genesis of respiratory diseases. Signal Transduct Target Ther.
2024;9(1):19. https://doi.org/10.1038/s41392-023-01722-y.

32. Liu C., Wu K., Sun T. et al. Effect of invasive mechanical ven-
tilation on the diversity of the pulmonary microbiota. Crit Care.
2022;26(1):252. https://doi.org/10.1186/s13054-022-04126-6.

33. Perumal R., Somboro A.M., Tulsi J. et al. The gut and lung mi-
crobiome across the TB disease spectrum. Front Microbiol.
2025;16:1643900. https://doi.org/10.3389/fmicb.2025.1643900.

34. Xiao G., Cai Z., Guo Q. et al. Insights into the Unique Lung 
Microbiota Profile of Pulmonary Tuberculosis Patients 
Using Metagenomic Next-Generation Sequencing. Microbiol Spectr.
2022;10(1):e0190121. https://doi.org/10.1128/spectrum.01901-21.

35. Eshetie S., van Soolingen D. The respiratory microbiota: 
new insights into pulmonary tuberculosis. BMC Infect Dis.
2019;19(1):92. https://doi.org/10.1186/s12879-019-3712-1.

36. Lin D., Wang X., Li Y. et al. Sputum microbiota as a potential 
diagnostic marker for multidrug-resistant tuberculosis. Int J Med 
Sci. 2021;18(9):1935–1945. https://doi.org/10.7150/ijms.53492.

37. Zhang M., Shen L., Zhou X., Chen H. The Microbiota of Human 
Lung of Pulmonary Tuberculosis and the Alteration Caused by 
Anti-tuberculosis Drugs. Curr Microbiol. 2022;79(11):321. https://
doi.org/10.1007/s00284-022-03019-9.

38. Dodge A.G., Richman J.E., Johnson G., Wackett L.P. Metabolism 
of thioamides by Ralstonia pickettii TA. Appl Environ Microbiol.
2006;72(12):7468–7476. https://doi.org/10.1128/AEM.01421-06.

39. O’Neill K., Bradley J.M., Johnston E. et al. Reduced bacterial 
colony count of anaerobic bacteria is associated with a worse-
ning in lung clearance index and inflammation in cystic fibrosis. 
PLoS One. 2015;10(5):e0126980. https://doi.org/10.1371/jour-
nal.pone.0126980.

40. Hu Y., Kang Y., Liu X. et al. Distinct lung microbial community 
states in patients with pulmonary tuberculosis. Sci China Life Sci.
2020;63(10):1522–1533. https://doi.org/10.1007/s11427-019-1614-0.

41. Kang T., Kim T., Ryoo S. Detection of airborne bacteria from 
patient spaces in tuberculosis hospital. Int J Mycobacteriol.
2020;9(3):293–295. https://doi.org/10.4103/ijmy.ijmy_115_20.

42. Ferreira M.D., Neves C.P.D., Souza A.B. et al. Predictors of mor-
tality among intensive care unit patients coinfected with tubercu-

losis and HIV. J Bras Pneumol. 2018;44(2):118–124. https://doi.
org/10.1590/s1806-37562017000000316.

43. Васильева Е.Б., Клочкова Л.В., Король О.И. и др. Туберкулез 
у детей и подростков: руководство. СПб.: Питер; 2005. 432 с. 
EDN: TAMADF.

44. Леванович В.В., Тимченко В.Н., Архипова Ю.А. и др. ВИЧ-
инфек ция на рубеже веков. СПб.: Н-Л; 2012. 496 с. EDN: 
VGTUWB.

45. Arnold B.J., Huang I.T., Hanage W.P. Horizontal gene trans-
fer and adaptive evolution in bacteria. Nat Rev Microbiol.
2022;20(4):206–218. https://doi.org/10.1038/s41579-021-00650-4.

46. Das S., Bombaywala S., Srivastava S. et al. Genome plasticity 
as a paradigm of antibiotic resistance spread in ESKAPE patho-
gens. Environ Sci Pollut Res Int. 2022;29(27):40507–40519. 
https://doi.org/10.1007/s11356-022-19840-5.

47. Reva O., Korotetskiy I., Ilin A. Role of the horizontal gene exchange 
in evolution of pathogenic Mycobacteria. BMC Evol Biol. 2015;15 
Suppl 1(Suppl 1):S2. https://doi.org/10.1186/1471-2148-15-S1-S2.

48. Анисимова А.И., Павлова М.В., Арчакова Л.И. и др. Мико-
бактериозы легких: сложности диагностики и лечения (обзор 
литературы). Медицинский альянс. 2020;8(1):25–31.

49. Ding L., Liu Y., Wu X. et al. Pathogen Metagenomics Reveals 
Distinct Lung Microbiota Signatures Between Bacteriologi-
cally Confirmed and Negative Tuberculosis Patients. Front Cell 
Infect Microbiol. 2021;11:708827. https://doi.org/10.3389/
fcimb.2021.708827.

50. Yagi K., Huffnagle G.B., Lukacs N.W., Asai N. The Lung Microbi-
ome during Health and Disease. Int J Mol Sci. 2021;22(19):10872. 
https://doi.org/10.3390/ijms221910872.

51. Yuksel N., Gelmez B., Yildiz-Pekoz A. Lung Microbiota: Its Rela-
tionship to Respiratory System Diseases and Approaches for Lung-
Targeted Probiotic Bacteria Delivery. Mol Pharm. 2023;20(7):3320–
3337. https://doi.org/10.1021/acs.molpharmaceut.3c00323.

52. Kristensen M., de Koff E.M., Chu M.L. et al. 16S rRNA-Based 
Microbiota Profiling Assists Conventional Culture Analysis of 
Airway Samples from Pediatric Cystic Fibrosis Patients. Micro-
biol Spectr. 2023;11(3):e0405722. https://doi.org/10.1128/spec-
trum.04057-22.

53. Yen T.Y., Hsu C., Lee N.C. et al. Signatures of lower respira-
tory tract microbiome in children with severe community-acquired 
pneumonia using shotgun metagenomic sequencing. J Micro-
biol Immunol Infect. 2025;58(1):86–93. https://doi.org/10.1016/j.
jmii.2024.11.011.

54. Almas S., Carpenter R.E., Singh A. et al. Deciphering Microbiota 
of Acute Upper Respiratory Infections: A Comparative Analy-
sis of PCR and mNGS Methods for Lower Respiratory Traffi-
cking Potential. Adv Respir Med. 2023;91(1):49–65. https://doi.
org/10.3390/arm91010006.

55. Grønseth R., Drengenes C., Wiker H.G. et al. Protected sam-
pling is preferable in bronchoscopic studies of the airway mi-
crobiome. ERJ Open Res. 2017;3(3):00019–2017. https://doi.
org/10.1183/23120541.00019-2017.



RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ2026;11(1):7–22

22 ORIGINAL PAPERS
ОРИГИНАЛЬНЫЕ СТАТЬИ

RUSSIAN BIOMEDICAL RESEARCH

РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ2026;11(1):7–22

22 PATHOPHYSIOLOGY — MEDICINE
ПАТОФИЗИОЛОГИЯ — МЕДИЦИНЕ

56. Cai Y., Fan Y., Chen A. et al. Characteristics of upper and lower 
respiratory tract microbiota after lung transplantation. Respir 
Res. 2025;26(1):160. https://doi.org/10.1186/s12931-025-03235-4.

57. Mehta P. Dry Powder Inhalers: A Focus on Advancements in 
Novel Drug Delivery Systems. J Drug Deliv. 2016;2016:8290963. 
https://doi.org/10.1155/2016/8290963.

58. Wachtel H., Kattenbeck S., Dunne S., Disse B. The Respimat® 
Development Story: Patient-Centered Innovation. Pulm Ther.
2017;3:19–30. https://doi.org/10.1007/s41030-017-0040-8.

59. Pritchard J.N. Industry guidance for the selection of a deli-
very system for the development of novel respiratory products. 
Expert Opin Drug Deliv. 2015;12(11):1755–1765. https://doi.org/ 
10.1517/17425247.2015.1056148.

60. Nicola T., Wenger N., Xu X. et al. A lactobacilli-based inhaled live 
biotherapeutic product attenuates pulmonary neutrophilic inflam-
mation. Nat Commun. 2024;15(1):7113. https://doi.org/10.1038/
s41467-024-51169-0.

61. Khatiwada S., Subedi A. Lung microbiome and coronavirus 
disease 2019 (COVID-19): Possible link and implications. 
Hum Microb J. 2020;17:100073. https://doi.org/10.1016/j.hu-
mic.2020.100073.

62. Querido S.M., Back-Brito G.N., Dos Santos S.S. et al. Op-
portunistic microorganisms in patients undergoing anti-
biotic therapy for pulmonary tuberculosis. Braz J Micro-
biol. 2011;42(4):1321–1328. https://doi.org/10.1590/S1517-
838220110004000012.

Authors’ info
Ilya A. Baranov — Postgraduate Student, Department 
of Microbiology, Virology and Immunology 
E-mail: iliabaranov2001@yandex.ru; 
https://orcid.org/0000-0001-9741-0230; SPIN: 9869-5443
Nikita V. Tivirikin — Graduate Student, Department 
of Phthisiology. E-mail: nikitasakhanevich@yandex.ru
Aleksey V. Derevyanko — Cand. Sci. (Med.), Associate Professor, 
Department of Socially Signifi cant Infections and Phthisiopul-
monology, Pavlov First Saint Petersburg State Medical University; 
Assistant Professor, Department of Phthisiology, 
Saint Petersburg State Pediatric Medical University 
E-mail: bronchology@yandex.ru; 
https://orcid.org/0009-0000-4549-089X; SPIN: 1479-1926

* Dmitry P. Gladin — Cand. Sci. (Med.), Associate Professor, 
Acting Head of the Department of Microbiology, Virology 
and Immunology. E-mail: gladin1975@mail.ru; 
https://orcid.org/ 0000-0003-4957-7110; SPIN: 8149-9885
Elizaveta S. Zubareva — Lecturer, Department 
of Medical Biology. E-mail: elizaveta_zubarevas@mail.ru; 
https://orcid.org/0009-0008-1068-1109; SPIN: 5953-9965
Nadezhda S. Kozlova — Cand. Sci. (Med.), Associate Professor, 
Department of Microbiology, Virology and Immunology. 
E-mail: spbkns@gmail.com; 
https://orcid.org/0000-0002-6713-4156; SPIN: 7914-4401
Marina E. Lozovskaya — Dr. Sci. (Med.), Professor, 
Head of the Department of Phthisiology. 
E-mail: lozovskaja-marina@mail.ru; 
https://orcid.org/0000-0001-5777-278X SPIN: 7650-6392

* Corresponding author.
 Автор, ответственный за переписку.

Об авторах
Илья Андреевич Баранов — аспирант, кафедра 
микробиологии, вирусологии и иммунологии.
E-mail: iliabaranov2001@yandex.ru; 
https://orcid.org/0000-0001-9741-0230; SPIN: 9869-5443
Никита Владимирович Тивирикин — ординатор, кафедра 
фтизиатрии. E-mail: nikitasakhanevich@yandex.ru
Алексей Валерьевич Деревянко — к.м.н., доцент, кафедра 
социально значимых инфекций и фтизиопульмонологии, 
Первый Санкт-Петербургский государственный медицинский 
университет им. акад. И.П. Павлова; ассистент, кафедра 
фтизиатрии Санкт-Петербургский государственный 
педиатрический медицинский университет.
E-mail: bronchology@yandex.ru; 
https://orcid.org/0009-0000-4549-089X; SPIN: 1479-1926
* Дмитрий Павлович Гладин — к.м.н., доцент, исполняющий 
обязанности заведующего кафедрой микробиологии, 
вирусологии и иммунологии. E-mail: gladin1975@mail.ru; 
https://orcid.org/ 0000-0003-4957-7110; SPIN: 8149-9885
Елизавета Сергеевна Зубарева — преподаватель, кафедра 
медицинской биологии. E-mail: elizaveta_zubarevas@mail.ru; 
https://orcid.org/0009-0008-1068-1109; SPIN: 5953-9965
Надежда Сергеевна Козлова — к.м.н., доцент, кафедра 
микробиологии, вирусологии и иммунологии.
E-mail: spbkns@gmail.com; 
https://orcid.org/0000-0002-6713-4156; SPIN: 7914-4401
Марина Эдуардовна Лозовская — д.м.н., профессор,  
заведующая кафедрой фтизиатрии. 
E-mail: lozovskaja-marina@mail.ru; 
https://orcid.org/0000-0001-5777-278X SPIN: 7650-6392


