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ABSTRACT
The study of the human microbiome—and, more recently, that of the respiratory 
system—by means of sophisticated molecular biology techniques, has revealed the 
immense diversity of microbial colonization in humans, in human health, and in various 
diseases. Apparently, contrary to what has been believed, there can be nonpathogenic 
colonization of the lungs by microorganisms such as bacteria, fungi, and viruses. Although 
this physiological lung microbiome presents low colony density, it presents high diversity. 
However, some pathological conditions lead to a loss of that diversity, with increasing 
concentrations of some bacterial genera, to the detriment of others. Although we 
possess qualitative knowledge of the bacteria present in the lungs in different states of 
health or disease, that knowledge has advanced to an understanding of the interaction of 
this microbiota with the local and systemic immune systems, through which it modulates 
the immune response. Given this intrinsic relationship between the microbiota and the 
lungs, studies have put forth new concepts about the pathophysiological mechanisms 
of homeostasis in the respiratory system and the potential dysbiosis in some diseases, 
such as cystic fi brosis, COPD, asthma, and interstitial lung disease. This departure 
from the paradigm regarding knowledge of the lung microbiota has made it imperative 
to improve understanding of the role of the microbiome, in order to identify possible 
therapeutic targets and to develop innovative clinical approaches. Through this new 
leap of knowledge, the results of preliminary studies could translate to benefi ts for our 
patients. 
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INTRODUCTION

“The lungs of healthy humans are sterile sites, 
unlike the upper airways where there are commensal 
microorganisms—they live in homeostasis with the human 
body”.(1) Although the respiratory system has a surface 
area greater than 70 m2—which is the size of a tennis 
court—and is in direct contact with the environment, the 
concept above pervaded knowledge of the respiratory 
system until the early 21st century, when the fi rst studies 
based on molecular techniques for the identifi cation of 
bacterial DNA revealed the presence of genetic material 
from microorganisms in the lower respiratory tract.(1,2) 
Much of this delay in knowledge of the lung microbiota 
is due to the diffi culty in characterizing the human 
lung environment by means of conventional culture 
techniques based on bacterial growth in material collected 
by bronchoalveolar lavage.(2,3) This occurs because the 
bacterial load of the lungs is lower than that of other 
sites in the human body, such as the gastrointestinal and 
genitourinary tracts. In addition, there has always been 
intense debate over possible contamination of material 
collected from the lower airways with microorganisms 
from the upper airways, which resulted in exclusion 

of the lungs from early studies mapping the human 
microbiome.(2,4-7)

After the overcoming of these initial obstacles in the 
study of the lung microbiome, science has advanced to 
an understanding of the interaction of this microbiota with 
the local and systemic immune systems, through which it 
modulates the immune response in the context of health 
and of various respiratory diseases. The characterization 
of the lung microbiome therefore has the potential to 
provide new concepts about the pathophysiological 
mechanisms of homeostasis in the respiratory system 
and the loss of this balance, known as dysbiosis, in some 
diseases such as cystic fi brosis (CF), COPD, asthma, and 
interstitial lung diseases.(8-11)

It is highly likely that the microbiome and its 
changes have a direct infl uence on the natural history 
of respiratory diseases, as well as there is certainly 
a change in the microbiota resulting from antibiotic 
treatment of infectious respiratory tract diseases. In 
addition, increasing knowledge of the lung microbiome 
has brought about a discussion of a possible distinction 
between those bacterial species that are pathogens and 
those that behave as commensals in the composition of 
our physiological microbiome.(12-15)
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To better tread this new path that opens up to 
pulmonology, some concepts are important. Microbiota, 
microbiome, metagenome, and 16S rRNA are terms 
that pervade studies in this fi eld, and mastery of 
these terms facilitates the understanding of this new 
dimension of knowledge (Chart 1). With regard to 
technique, analysis of the bacterial microbiome is based 
on the identifi cation and sequencing of variable regions 
of the 16S gene encoding bacterial rRNA. Given that 
this gene is not present in mammals, the confounding 
bias with human DNA is nonexistant.(1,4,8) Finally, the 
16S DNA sequence contains nine variable regions 
that can be identifi ed by various techniques, the most 
commonly used being pyrosequencing, phylogenetic 
microarrays, and terminal restriction fragment length 
polymorphism.(1,3,4) Figure 1 summarizes the sequence 
of events leading to the recognition of the microbiome 
at a given site.

Although the results of published studies differ a little, 
Proteobacteria, Firmicutes, and Bacteroidetes are the 
most commonly identifi ed bacterial phyla in healthy 
individuals. With regard to genus, Streptococcus, 
Prevotella, Fusobacteria, and Veillonella predominate, 
with potential pathogens, such as Haemophilus and 
Neisseria, contributing a small fraction. However, those 
studies are based on case series involving a small 
number of healthy subjects and few centers around 
the world.(2,3,16)

Being as important as qualitative knowledge of the 
bacteria present in the lungs, describing the richness 
of organisms and the coexistence of various species 
is essential. Although the healthy lung microbiome 
presents low colony density, it presents high diversity; 
however, some pathological conditions lead to a loss of 
that diversity, with increasing concentrations of some 
bacterial genera, to the detriment of others.(15,17,18) This 
could imply the development of specifi c therapies, to 
the detriment of broad-spectrum antibiotic therapies, 
with great potential to cause more imbalance in an 
already dysbiotic microbiome.(19) Following this line of 
reasoning, the anti-infl ammatory effects of macrolides, 
which are considered to be immunomodulators and 
are used for prolonged periods in diseases such as 
bronchiectasis, bronchiolitis obliterans, and COPD, 
have been revisited, since these anti-infl ammatory 
properties appear to be related to changes in the 

lung microbiota and in the microbial metabolites, with 
subsequent downregulation of alveolar macrophage 
function.(13)

Finally, as far as the microbial population in the 
respiratory system is concerned, early studies failed 
to address two important components of the lung 
ecosystem: viruses and fungi. The lung mycobiome 
and virome, especially in some conditions, such as CF 
and lung transplantation, appear to have particular 
importance.(20) Viral and fungal identifi cation uses the 
same technique as that used in bacterial microbiota 
analysis, but with detection of 18S rRNA in the case 

Chart 1. Glossary of nomenclature and defi nitions used in the routine evaluation of the human microbiome.

Microbiota All of the microorganisms of a given region or habitat
Microbiome The collection of microorganisms, their genes, and their environmental interactions
Metagenome Genetic information of the microbiota, obtained from genetic sequencing that is 

analyzed, organized, and identifi ed through computational tools, using databases of 
previously known sequences

16S rRNA Component of the prokaryotic 30S subunit. It encodes DNA 16S genes, used to obtain 
phylogenetic data

Operational taxonomic unit Operational defi nition of a species or group of species, used when only DNA sequence 
data are available

Dysbiosis An imbalance in the composition of the microbiota of a given niche, related to changes 
in local conditions

Figure 1. Sequence of events leading to the recognition 
of the microbiome at a given site. OTU: operational 
taxonomic unit.

sputum bronchoalveolar lavage fluid

Sample acquisition

Isolation of total DNA from the sample

human bacterial

Amplification of the gene encoding 16S rRNA

16S rRNA sequencing 
(e.g., by pyrosequencing)

Computational analysis of data

Classification of data according to known OTUs
(database)

Microbial ecological analysis 
(abundance, diversity)
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of fungi and with nucleic acid sequencing and PCR in 
the case of viruses.(21)

THE LUNG MICROBIOME AND 
ITS RELATIONSHIP WITH THE 
GASTROINTESTINAL TRACT

The theory that the facial sinuses were the major 
determinants of the microbiological changes found in 
the lower respiratory tract persisted for a long time. The 
glottis was then considered to be an effective structure 
in protecting the lungs from the gastrointestinal tract. 
However, the microbiome of the lower respiratory 
tract is now recognized to be similar to that of the 
oropharynx, leading to the concept that microbial 
migration from this region is the major determinant 
of the lung microbiome in healthy individuals.(22) 
Microaspiration appears to play a key role in shaping 
the lung microbiome, although other bacteria that are 
present in the lower respiratory tract, such as those of 
the genera Prevotella, Veillonella, and Streptococcus, 
have their origin attributable to inhalation through 
the upper airways.(23,24) The interrelationship of 
these systems and the local determinants of the lung 
microbiome are presented in Figures 2 and 3. 

THE MICROBIOTA AND IMMUNE 
MODULATION

Commensal interactions between microorganisms 
and humans throughout evolution, as well as the 
relevance of the luminal ecosystem (genitourinary 
and gastrointestinal tracts) in immune modulation, 
have emerged as a new paradigm. This ecosystem is 
separated from the interior of the host by a thin layer 
of epithelial cells that acts as an interface between 
the host and the environment, and this epithelium is 
equipped with cilia, microvilli, mucus-producing cells, 
and intercellular junctions that allow physiological 
functions while in contact with the microbiota.(25) 
Studies of sterile (germ-free) mice have shown that 
resident bacteria directly infl uence epithelial metabolism, 
proliferation, turnover, and barrier function.(25) In the 
respiratory system, members of the microbiota, in 
association with environmental non-viable particulate 
antigens, are continuously presented to the mucosa 
and processed by dendritic cells and macrophages, 
with subsequent formation of memory or activation 
of T and B effector cells.(25) In addition, studies of the 
gastrointestinal tract have demonstrated the ability of 
the immune system to discriminate between pathogenic 
and commensal bacteria, through toll-like receptors 
present in T lymphocytes, in a process that would 
allow symbiotic colonization, that is, a kind of “peace 
agreement” between the resident microbiota and the 
respiratory mucosa,(25,26) as exemplifi ed in Figure 4.

Evidence, however, shows that abnormal regulation 
of this host-microbiota relationship plays an important 
role in the pathophysiology of several lung infl ammatory 
disorders. Therefore, characterizing the composition of 
the airway microbiota as a prognostic marker or as a 

guide to drug therapy is of interest in several chronic 
lung diseases,(27) as described below.

THE MICROBIOTA IN VARIOUS LUNG 
DISEASES

Asthma
Asthma is a complex, heterogeneous disease 

associated with allergic phenomena that has increased 
in prevalence in recent decades. The hygiene hypothesis 
is one of the major theories explaining this fi nding.
(28) Low-level exposure to bacterial infections during 
childhood may be responsible for modulation of 
the immune response with strong emphasis on the 
Th2-allergic pathway. Therefore, there has been 
increasing interest in the role of both the lung and 
gastrointestinal microbiome. An experimental study 
of bacteria-free mice demonstrated that those animals 
showed an exaggerated Th2 response when stimulated 
with ovalbumin, developing increased eosinophilia 
in the airways, hyperresponsiveness, and mucus 
hypersecretion. When those animals were placed to 
grow alongside mice with the usual bacterial microbiota, 
both groups showed the same Th2 response intensity, 
which indicates that the usual microbiome functions 
as a protective factor against allergic diseases.(29)

Given that bacterial colonization of mucous membranes 
is related to the development and orchestration of the 
immune response of healthy individuals, changes in this 
interrelationship in early stages of life may contribute 
to the development of allergic diseases in adulthood.(30) 
In a study comparing two agricultural communities with 
similar habits, but with a distinct prevalence of asthma 
and allergic sensitization, the presence of a microbial 
composition with increased endotoxin production was 
related to a lower prevalence of allergic disorders.(31) In 
addition, a nasal microbiota with decreased diversity of 
species, especially when accompanied by the presence 
of Moraxella spp., has also been associated with a 
higher prevalence of asthma.(32)

Among adults, patients with asthma have been 
shown to have a higher prevalence of organisms of the 
phylum Proteobacteria, such as Haemophilus infl uenzae, 
compared with healthy controls.(33,34) Studies in this 
area are scarce and involve a small number of patients, 
leading to heterogeneity of fi ndings. Nevertheless, 
all indicate the presence of lung-microbiota-related 
dysbiosis in asthma patients, which can be infl uenced 
both by disease severity and by inhaled or systemic 
corticosteroid use.(35,36)

COPD
Studies comparing the microbiome of smokers, 

former smokers, and healthy individuals are scarce and 
report some confl icting results regarding the long-term 
effects of tobacco exposure.(37,38) Nevertheless, there 
are indications that dysbiosis occurs in smokers, with 
an increase in the prevalence of the phylum Firmicutes 
and of Neisseria spp., associated with a relative 
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Lungs and airways
• Normal ciliary function
• Cough
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Gastrointestinal tract
• Bacterial toxins
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Innate immune response
Acquired immune response
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Cough and 
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clearance
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Figure 2. Determinants of the lung microbiome and the intestine-lung axis. The composition of the human microbiota 
is determined by the association of environmental factors, the host immune response, and genetic characteristics. The 
intestine microbiota, which is incomparably greater in size than the lung microbiota, can infl uence the lower respiratory 
tract both directly, through microaspiration, and indirectly, through modulation of the immune response as a result of 
the production of bacterial metabolites and their interaction with the host infl ammatory cells. Inhalation of external 
agents is also a pathway to lung colonization and will depend, as will intestinal tract colonization, on local factors, such 
as oxygen tension, tissue pH, blood perfusion, nutrient concentration, proper mucociliary transport, and disruption of 
the lung architecture.

Figure 3. Determinants of the microbiome of the respiratory system: microbial immigration, elimination, and proliferation. 
In healthy individuals, the microbiome is determined primarily by immigration and elimination. In severe lung disease, 
local growth conditions are determinants of the composition of the microbiome.

427J Bras Pneumol. 2018;44(5):424-432



The pulmonary microbiome: challenges of a new paradigm

decrease in the abundance of Proteobacteria.(37) In 
contrast, several studies of patients with COPD have 
revealed that their lung microbiome is clearly different 
from that of healthy controls.(39-42) In addition, among 
patients with COPD, depending on the site from which 
the material is collected, differences are also found 
in the composition of the microbiome, such as when, 
for instance, sputum and bronchoalveolar lavage fl uid 
are compared.(42)

With regard to COPD exacerbations, numerous 
studies have also demonstrated that there is a relative 
increase in the abundance of a given genus, to the 
detriment of others.(43-45) This change is related to a pro-
infl ammatory state and can be triggered, among other 
causes, by viral infections(43) and by bacterial-fungal 
interactions in the airway.(46) These fi ndings further 
question the role of antibiotics in COPD exacerbation, 
given that antibiotics can play a deleterious role in 
the lung microbiome because they reduce bacterial 
abundance. However, systemic corticosteroid use does 
not signifi cantly change microbiological diversity and, in 
parallel, can increase the abundance of certain genera 
that are considered as normal fl ora.(44)

Bronchiectasis and CF
Airway colonization in suppurative lung diseases—CF 

and non-CF bronchiectasis—plays a key role in 
the progression of their clinical and radiological 
manifestations, and understanding the role of the 
microbiota is key to understanding the pathophysiology 
of these manifestations. While traditional culture-
based knowledge shows the importance of well-
known pathogens, such as Haemophilus infl uenzae, 
Pseudomonas aeruginosa, and Moraxella catarrhalis in 
non-CF bronchiectasis, as well as Staphylococcus aureus 
and Burkholderia cepacia complex in CF, molecular 
studies have shown that previously unrecognized 
organisms are abundantly present in some patients with 
suppurative disease.(27) Examples of this colonization 
include the presence of Stenotrophomonas maltophilia 
and Achromobacter spp., as well as reports of 
Mycobacterium abscessus and Aspergillus fumigatus.(10)

Studies of the microbiome in patients with CF have 
demonstrated that samples from younger, healthier 
patients usually exhibit bacterial communities that are 
more diverse, whereas lung explants from patients 
with end-stage lung disease show extremely low 
diversity, with only one or two detectable pathogenic 
bacteria, such as P. aeruginosa and S. maltophilia. (47) 
This microbiological change, during the lifetime of a 
patient with CF, is also accompanied by increased 
abundance and greater phylogenetic similarity among 
the colonies of each species.(48,49)

In non-CF bronchiectasis, the simultaneous 
competition for survival between pathogenic and 
commensal bacteria elicits an innate immune response 
from the host, with polarization of T-cell subtype 
response, activating or perpetuating the infl ammatory 
process in the terminal airways, similarly to what 
occurs in chronic infl ammatory bowel diseases, such 
as ulcerative colitis. In the context of infl ammatory 
bowel diseases, it is of note that there is an association 
between the development of bronchiectasis and 
colectomy for advanced ulcerative colitis, raising the 
possibility that the intestinal microbiota infl uences the 
lung microbiota through systemic immunoregulation 
after excluding in intestinal barrier.(12)

Finally, in suppurative diseases, an understanding of 
the pathogenic and commensal microbiota is crucial for 
differentiating between infection and colonization, that 
is, balance/health vs. dysbiosis/disease. It should also 
be borne in mind that, for this group of patients, the 
study of the fungal and viral microbiome (microbiome 
and virome) is essential, and there have been few 
studies addressing these issues to date. The literature 
still lacks controlled clinical trials; most studies are 
descriptive studies or reviews.

Pulmonary tuberculosis
The microbiome in the context of tuberculosis remains 

a poorly studied area, despite the high global burden 
of tuberculosis.(50) Many existing studies have focused 
on the microbiota outside the respiratory system, 

Adaptive immune system
Innate immune system

Dendritic cell

Microbiota

Figure 4. Microbiota interface and interaction with local immunity. Members of the microbiota, in association with 
environmental non-viable particulate antigens, are continuously sampled by the mucosa and processed by dendritic 
cells and macrophages, with subsequent formation of memory or activation of T and B effector cells. Therefore, various 
commensal microorganisms infl uence the innate immunity and the adaptive immunity.
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including reports of an increased presence of Candida 
spp. and a loss of diversity in the intestinal microbiota 
as a result of tuberculosis treatment.(51,52) In addition, 
there is little agreement between those studies and 
analyses of the lung microbiome in tuberculosis. 
Cui et al.(53) reported that healthy lungs and those 
infected with Mycobacterium tuberculosis had many 
microorganisms in common, including those of the 
phyla Bacteroidetes, Proteobacteria, and Actinobacteria, 
with a predominance of Firmicutes and Bacteroidetes. 
In contrast, Wu et al.(54) found a very different list of 
microorganisms associated with tuberculosis, including 
those of the genera Streptococcus, Granulicatella, 
and Pseudomonas. An interesting aspect of that 
study is the comparison among the microbiota of 
patients with newly diagnosed tuberculosis, that of 
recurrence cases, and that of treatment failure cases. 
The Pseudomonas-to-Mycobacterium ratio was higher 
in recurrence cases than in newly diagnosed cases, 
whereas the Treponema-to-Mycobacterium ratio was 
lower in recurrence cases than in newly diagnosed 
cases, indicating that disruption of these bacteria may 
be a risk factor for recurrence of tuberculosis.(54) These 
data suggest that the presence of certain bacteria and 
lung dysbiosis may be associated not only with the 
development of tuberculosis but also with recurrence 
of tuberculosis and treatment failure, indicating a 
possible role of the microbiota in the pathogenesis of 
tuberculosis and in tuberculosis treatment outcomes.

INTERSTITIAL LUNG DISEASES

In 2008, Varney et al.(55) published a clinical trial 
evaluating the use of trimethoprim-sulfamethoxazole 
in patients with idiopathic pulmonary fi brosis (IPF). 
They demonstrated that the group receiving the 
antibiotic therapy showed clinical and functional 
improvement,(55) and hypothesized a potential 
effect on the lung microbiota. More recently, data 
from a cohort study assessing 55 patients with IPF 
demonstrated that there is a relationship between 
the predominance of specifi c bacteria of the genera 
Staphylococcus and Streptococcus and interstitial lung 
disease exacerbation.(56) Also in 2014, Molyneaux et 
al.(57) observed that bronchoalveolar lavage fl uid from 
patients with IPF exhibited an increased quantity of 
bacteria compared with that from healthy controls, as 
well as observing differences in the composition and 
diversity of this microbiota, and linked this dysbiosis 
to parenchymal disease progression. Later, genetic 
analyses of patients with IPF showed increase and 
maintenance in the expression of genes related to the 
host immune response, which acts as a continuous 
stimulus damaging to the alveolar epithelium, as well 
as being related to local fi broblast activation,(58,59) 
subsequently suggesting a relationship between the 
microbiome and fi brosis progression. Attempts at 
reversal of dysbiosis and, ultimately, the cessation of 
tissue damage have been extensively investigated in 
the context of interstitial fi brosing diseases; however, 

it is too early to say that the microbiota is directly 
related to disease progression.(27)

OTHER CLINICAL SETTINGS IN 
PULMONOLOGY

After initial advances in the understanding of the 
microbiome of the respiratory system in the context 
of the most prevalent diseases, it is expected that 
this understanding will revolutionize the concepts of 
pathogenesis in several clinical settings. In the context 
of mechanical ventilation and ventilator-associated 
pneumonia (VAP), that is not different. A recent study 
of 35 patients suggested that mechanical ventilation 
per se is more strongly associated with a change in the 
lung microbiota than is the use of systemic antibiotics, 
and that respiratory tract dysbiosis is more intense 
in patients who developed VAP than in those who did 
not.(60) Still in the context of VAP, microbiome analysis 
may also aid in etiologic diagnosis and in differentiating 
between pneumonia and colonization with a potential 
pathogen.(61)

Lung transplantation is another area that is in a 
state of fl ux. The respiratory system of transplant 
recipients is a point of special interest, given the wide 
use of prophylactic antibiotics and immunosuppressive 
drugs in this population. The microbiota of the 
transplanted lung appears to be different from that 
of healthy lungs, mainly because of the presence 
of the family Burkholderiaceae.(62) In addition, the 
change in the microbiota appears to infl uence the 
development of chronic graft dysfunction.(63) A study 
of 203 bronchoalveolar lavage fl uid samples from 
112 transplant recipients revealed that some bacteria 
played a pro-infl ammatory role (genera Staphylococcus 
and Pseudomonas) and some played a role of lower 
stimulation of the immune system (genera Prevotella 
and Streptococcus).(64) A dysbiosis in those individuals 
appears to be associated with various profi les of 
infl ammation and elaboration by lung macrophages, 
contributing to the genesis of chronic dysfunction. This 
interaction between bacterial communities and innate 
immune response offers new intervention pathways 
to preventing chronic graft dysfunction.

Clinical oncology has also advanced in the understanding 
of the correlations between microorganisms and lung 
neoplasms. After the identifi cation of molecular markers, 
such as EGFR, programmed cell death protein-1, and 
anaplastic lymphoma kinase, which have customized 
the therapeutic approach, it is now the microbiome 
that presents itself as a possible marker of disease 
activity and perhaps a therapeutic target. Some 
microorganisms have shown a direct relationship with 
neoplasms in other organs, such as Helicobacter pylori 
in stomach cancer and HPV in uterine cervical cancer. 
Periodontal disease can be associated with lung cancer, 
suggesting an association between the oral microbiome 
and the risk of lung carcinoma.(65) Corroborating these 
hypotheses, Vogtmann et al. reported that cases of 
lung cancer among nonsmoking females showed a 
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decreased relative abundance of organisms of the 
phyla Spirochaetes and Bacteroidetes and an increased 
relative abundance of those of the phylum Firmicutes 
in analyses of the oral microbiota.(66) Finally, a study 
comparing bronchoalveolar lavage fl uid from patients 
with neoplasms with that from patients with benign 
tumors found the genera Veillonella and Megasphaera to 
be predictors of lung cancer, suggesting an association 
between an altered lung microbiota and the presence 
of neoplasm.(67)

SKEPTICISM IN THE ANALYSIS

Albeit exciting, the study of the microbiome should 
be viewed with some caution, and it has been said 
that its greatest risk is that of drowning in its own 
tsunami of information.(68) There is a risk of a series 
of speculative associations being made between the 
microbiota and states of health and disease, and of 
these connections being shown to be spurious or much 
more complex than shown by early evaluations.

Would the microbial communities be altered in 
the lungs because of respiratory diseases or are 
the lungs diseased because of the dysbiosis of 
these microorganisms? The immune system and 
the microbiome are so closely intertwined that this 

differentiation is extremely diffi cult. Most studies on 
this subject have been descriptive and, despite being 
replete with provocative correlations, have failed to 
elucidate causality between modulation of respiratory 
tract diseases and the resident microbiota, and to 
determine what temporally comes fi rst: dysbiosis or 
lung disease.(69) These are some of the issues that 
are pressing when it comes to designing new studies.

FINAL CONSIDERATIONS

We are entering a new era in the understanding of 
lung diseases from the standpoint of the interaction 
of bacterial communities and metabolites with the 
immunological and functional mechanisms of various 
respiratory tract diseases. In this context, given the 
departure from the paradigm regarding knowledge 
of the lung microbiota, it is imperative to improve 
understanding of the interaction between the microbiota 
and the host so that we can advance our understanding 
of the pathophysiological processes of respiratory 
diseases, as well as identifying possible therapeutic 
targets and developing innovative clinical approaches. 
The translation of this information into better patient 
care will undoubtedly be the greatest challenge in the 
study of the microbiome and its potentialities.
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