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Abstract: The aim of interventions over the respiratory microbiome in COPD is to preserve the original microbial flora, focusing in taxa
with a demonstrated impact on the prognosis of the disease. Inhaled therapy is the main treatment for COPD, and chronic corticosteroid
use is recommended for patients with frequent exacerbations. This therapy, however, increases both the bronchial microbial load and the
abundance of potentially pathogenic bacteria in patients with low peripheral eosinophil counts, and to minimize its use in patients without
peripheral eosinophilia, when possible, may avoid increases in bacterial loads of microorganisms as Haemophilus influenzae and
Streptococcus pneumoniae. In exacerbations antibiotics determine a decrease in the microbial diversity, a change that persists during
stability periods in frequent exacerbators. High-diversity bronchial microbiomes are enriched in non-dominant genera and determine low
exacerbation frequencies and survival improvement. Limiting the antibiotic use to the treatment of exacerbations which would clearly
benefit would favor the diversity of the respiratory microbiome and may have a positive impact on quality of life and survival. Oral
antiseptics have shown and effect on the bronchial microbiome that was associated with improvements in quality of life, and the gut
microbiome may be also modified through the oral administration of probiotics or prebiotics, that potentially may determine decreases in
lung inflammation and bronchial hyperreactivity. High fiber diets also favor the production of anti-inflammatory molecules by the
digestive flora, which would reach the respiratory system through the bloodstream. Interventional approaches favoring the preservation
of the respiratory microbiome in COPD need first to select accurately the patients who would benefit from long-term inhaled
corticosteroids and antibiotic treatments during exacerbations, under the hypothesis that keeping a respiratory microbiome close to the
healthy subject would favor the respiratory health. Additionally, high fiber diets may be able to modify the gut microbiome and influence
the respiratory system through the gut-lung axis. Therapeutic approaches targeting the microbiome to improve COPD, however, still
require clinical validation and the identification of patient subtypes who would benefit the most with their use.
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The Respiratory Microbiome in the Healthy Subject

The human microbiome refers to all living microorganisms (bacteria, archaea and fungi) which have the body as their
habitat, including their genomes and the metabolites they produce. It is mainly lodged on mucosal surfaces, which in the
respiratory system include the oropharynx, the bronchial tree and the lung, and its components may act either as
commensals, mutualists or pathogens, depending on their capabilities to modulate inflammatory and/or immune
responses till levels able to cause disease.' So far, most studies have focused on the bacterial part of the microbiome,
and in this review we will focus on the bacterial community that conform the respiratory microbiome with its relation-
ships with COPD disease patterns, and the possibilities to intervene the bacterial flora to attain positive secondary effects
on the respiratory health. Manuscripts addressing the topic published the last ten years have been identified through
Pubmed, searching their focus on the effects of treatment on the respiratory microbiome in COPD, assessing the
collateral effects on the microbial flora of guideline-recommended treatments and the results of therapies directly

attempting to modify the microbiome, as a way to attain an effect on the patterns of the disease.
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In the human airway, the microbiome is distributed throughout the upper and lower respiratory tract, with distinct
populations and different burdens in the oropharynx, the bronchial tree and the lung.z’3 Bacteria from the oropharynx
enter periodically the lower respiratory tract through recurrent microaspiration, and this microbial immigration is later
modulated by clearance mechanisms and the local microenvironment. This microbial penetration in the bronchial tree is a
main determinant of the bacterial composition and load in the lower airway, which in the healthy subject is dominated by
phyla commonly found in the oropharynx, as are Bacteroides and Firmicutes, with Prevotella and Veillonella as
predominant genera.*>

Smoking-Related Changes in the Respiratory Flora

Studies of the oropharynx microbiota in smokers have reported modifications in their microbial composition,® with
decreases in the relative abundance of taxa from the Proteobacteria phylum, paralleled by an enrichment in
Actinobacteria. This change in Proteobacteria affects the genera Neisseria, Haemophilus and Aggregatibacter, and is
paralleled by additional decreases in genera which are part of other phyla as are Capnocytophaga, Corynebacterium,
Porphyromonas, Prevotella, Leptotrichia, Peptostreptococcus, Abiotrophia, Selenomonas and Gemella, severe enough to
be considered as dysbiosis.”® These changes seem to be restricted to the oropharynx, because they have not been
identified neither in sputum samples,” nor in the lower respiratory tract, when sampled through bronchoalveolar lavage,’
in spite that some changes in the lung microbiome have been reported in smoking animal models, with decreases in
genera from the Proteobacteria phylum as are Kluyvera and Mesorhizobium.'® Furthermore, a recovery of the normal
microbial composition in the oropharyngeal microbiome have been reported after giving up smoking,® and all these
findings suggest that exposure to smoke results in microbiome changes which are restricted to the upper airway and
reversible, and smoking interventions targeting the tobacco use may not determine significant changes in the respiratory
microbiome of the bronchial tree and the lung in patients without smoking-related diseases.

The Respiratory Microbiome in COPD

In patients with COPD the lower respiratory flora evolves to a bacterial composition with main differences from the
upper airway. The bronchial microbiome show an increase in the relative abundance of Proteobacteria, which include a
higher relative abundance of the genus Haemophilus, paralleled by a decrease in Bacteroidetes and Firmicutes, with the
Prevotella and Veillonella as the main genera affected by this change.”> Bronchial diversity declines in severe stages of
the disease, with a flora that evolves to a predominance of the Pseudomonas genus in advanced disease.''™'® These
changes in the bronchial microbiome may not be paralleled in the lung, because previous work has found higher
microbial diversity in bronchoalveolar lavage samples.'*'> How these changes influence the disease is poorly under-
stood, however, and the possibilities to modify the microbial composition of the lower airway with interventions able to
restore a normal microbiome composition in stable COPD, and potentially attaining an effect on the respiratory health,
have been only partially explored (Table 1). To approach these therapeutic possibilities understanding microbiome-host
interactions in the respiratory system and its relationships to COPD pathogenesis would be necessary.

Antibiotic-Treated Exacerbations

During COPD exacerbations the respiratory microbiome changes from its baseline,”'®'®

moving to a predominance of
Proteobacteria and genera that include potentially pathogenic bacteria, as are Haemophilus and Moraxella.”'**°
Treatment given for exacerbations episodes additionally modify the composition of the respiratory microbiome when
it includes antibiotics.>*'® This treatment determines a decrease in the microbial diversity and the relative abundance of
Proteobacteria, while in exacerbations treated only with systemic corticosteroids these decreases are not observed.'® The
microbiome changes identified in antibiotic-treated exacerbations are still observed three months after the episode,'® and
may persist even longer.”' In fact, frequent exacerbators manifest significant differences in their respiratory microbiome
even during their stability periods, with persistent dysbiotic patterns characterized by low microbial diversity and a
predominance of some genera from the Proteobacteria phylum, as are Pseudomonas, which often attain a dominant
pattern.”'*?>%* Microbiome composition is different in frequent exacerbators with peripheral eosinophilia (>2%),
however, because this subgroup preserves their microbial diversity and microbiome composition.'*** Peripheral
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Table | Interventions on the Microbiome in COPD

Intervention Clinical Situation Anatomic Level Effect on the Microbiome First Author Reference
Smoking cessation Healthy smoker Oropharynx Recovery of never-smoker flora Wu [8]
Antibiotics COPD exacerbation Bronchi | Diversity, |Proteobacteria Mayhew, Huang [9,18]
Systemic steroids COPD exacerbation Bronchi =Diversity Huang [18]
Recurrent antibiotics | COPD frequent exacerbations | Oropharynx, bronchi | |Diversity, fdominant taxa, persistent dysbiosis Mayhew, Millares, Jakobsson, Bouquet, Dicker | [9,12, 21-23]
Chronic azithromycin | COPD frequent exacerbations | Lung | Diversity Segal [33]
|Proteobacteria / Bacteroidetes / Firmicutes
tbenzoic, gycolic, linoleic acids / findole-3-acetate
JTNF-o / IL-12 / p40 / IL-13 / CXCL |
Inhaled steroids COPD stable Bronchi 1Diversity Contoli [34]
In patients with low blood eosinophilia (£2%):
Tmicrobial load
TH. influenzae and S. pneumoniae
Dental cleaning COPD stable Oropharynx =microbiome dental plaque Sundh [57]
lexacerbations
Oral chlorhexidine COPD stable Oropharynx, bronchi | |Diversity Pragman [58]
1 Quality of life
Oral probiotics Asthma animal model Bronchi, lung {Inflammation and hyperreactivity Hougee, Sagar [65,66]
High fiber diet COPD animal model Lung {Inflammation and emphysema progression Jang [75]
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cosinophilia is closely related to eosinophil abundance in the bronchial tree,**

and this trait identifies an endotype that
require specific therapeutic approaches.

Current guidelines recommend the use of systemic corticosteroids in COPD exacerbations,?® but recent clinical trials
support a restriction in the use of this therapy, limiting its prescription to patients showing peripheral eosinophilia, at least
in episodes that do not require an admission.?”*® Huang et al have demonstrated that the treatment of COPD exacer-
bations with systemic steroids would preserve microbial diversity when antibiotics are not used,'® and an accurate
selection of the drugs used for COPD exacerbations need a focus on the avoidance of an overuse of antibiotics in patients
who may not attain a clear benefit with the treatment, an approach that would keep the diversity of the bronchial flora,
with a potential impact of bronchial inflammatory patterns.

Current criteria for antibiotic treatment of exacerbations are based in the identification of purulence in sputum and the
severity of the episode,”® but the use of biomarkers as blood procalcitonin®**° for the selection of patients to be treated
with antibiotics may improve therapeutic approaches to COPD exacerbation, with a potential impact on the diversity and
composition of the respiratory microbiome. However, the use of biomarker-based selection of exacerbation treatment still
has not shown clear clinically-significant advantages.”'

Chronic use of antibiotics in patients suffering from frequent exacerbations is a therapeutic option that improves the
recurrence of their acute episodes.>? The mechanisms that determine the positive health impact of this treatment have not
been well defined, however, and may be partly mediated by a modification of the respiratory flora. Segal et al have
examined the modifications of the lung microbiome, studied through bronchoalveolar lavage, in COPD patients with
frequent exacerbations treated daily with azithromycin for a period of eight weeks, and have found a decrease in their
microbial diversity, with significant reductions in the taxa of Tissierellaceae, Cytophaga, Flectobacillus, Neisseria,
Ralstonia and Rhodospirillaceae.>® This treatment led to the increase in lower airway concentrations of the bacteria-
produced metabolites benzoic acid, glycolic acid, indole-3-acetate and linoleic acid, that was paralleled by a decrease in
the levels of tumor-necrosis factor (TNF)-a, interleukin (IL)-12, p40, IL-13 and chemokine (C-X-C motif) ligand
(CXCL) 1. Glycolic acid and indole-3-acetate reduced the levels of these inflammatory mediators, providing evidence
of one of the mechanisms that may be behind the effect of chronic azithromycin use. These observations suggest that
azithromycin therapeutic benefit in COPD patients with frequent exacerbations may be at least partly mediated by the
interaction between the respiratory microbiome and the host immune system, highlighting the relevance of the under-
standing of the metabolism of resident bacteria as potential targets for immunomodulation.®

Effects of Inhaled Corticosteroid Treatment on the Respiratory

Microbiome

Inhaled corticosteroids are part of the treatment of stable COPD, but its recommendation is currently restricted to patients
with blood eosinophilia and/or frequent exacerbations.”® This chronic treatment has a significant impact on the
respiratory microbiome,'* as has been clearly shown by Contoli et al in a recent long-term follow-up study of the
bronchial microbiome in stable COPD patients who initiated this treatment.>* Steroid users modified their bronchial
microbiome in their study, showing significant increases in their bacterial load and diversity, with an overrepresentation
of potentially pathogenic bacteria as Haemophilus influenzae and Streptococcus pneumoniae, in agreement with previous
work.*>® The effect of the treatment on these two genera was restricted to the subgroup of patients with low blood
eosinophil counts (<2%) in their study, however, while the microbial load of sputum did not increase in patients with
peripheral eosinophilia, who also did not show an increase in the relative abundance of potentially pathogenic bacteria.
Accordingly, avoiding the use of inhaled corticosteroids as far as possible in COPD patients without blood eosinophilia
may avoid increases in the bacterial loads of microorganisms as Haemophilus influenzae and Streptococcus pneumoniae,
which could be potentially harmful.

Microbiome-Host Interactions
Current knowledge suggests that the respiratory microbiome play a role in COPD pathobiology,’’ but little information
exists regarding the mechanisms behind the relationship between microbial composition and COPD patterns and
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progression.” To understand the role of the microbiome in the natural history of COPD, microbial interactions need to be
disclosed and extended to viruses, modulation of the immune system and production of beneficial metabolites by the
bacterial flora, as possible mechanisms.*®** In has been demonstrated that rhinovirus infections are followed by an
increase in Proteobacteria abundance in sputum of COPD patients, together with the appearance of bronchial
neutrophilia.*® These interactions of the respiratory viruses with the microbiome may modulate disease patterns, but
COPD could be also a driver in microbiome imbalances by itself, considering that recurrent exacerbations and chronic
mucosal inflammation are associated with an impairment in innate immunity, that may determine further changes in both
the bronchial microbiome and virome, in a circular effect.*1+?

Data obtained from COPD exacerbations support a main role of the overrepresentation of specific taxa in the increase
of bronchial inflammation biomarkers and the appearance of symptoms. Ghebre al cols demonstrated that a predomi-
nance of Proteobacteria in bronchial secretions is associated with neutrophilic inflammation and high levels of IL-1f,
tumor-necrosis factor (TNF)-o, TNF-R2 and vascular endothelial growth factor, while higher relative abundance of
Bacteroidetes is related to eosinophilic inflammation and increased levels of Th2 mediators in bronchial secretions, as are
the C-C chemokine ligands (CCL) 13 and 17. They also found that greater proportions of Actinobacteria and Firmicutes
were associated with higher levels of Thl mediators, and these results suggest that the specific microbial profiles
characteristic of the identified clusters influence the local inflammatory response in COPD exacerbations.** Haldar et al
used quantitative real-time PCR to approach this hypothesis,** considering Proteobacteria and Firmicutes abundance in
sputum samples recovered from exacerbations, and observed that Gammaproteobacteria was associated with sputum
neutrophilia and higher bronchial IL-1p level. This pattern was also associated with an increase of blood C-reactive
protein (CRP) levels and a significant lung function decline. Both this microbiome profile and inflammatory biomarkers
returned to baseline after the antibiotic treatment of the acute episode. This effect of antibiotics was not identified in
exacerbations that keep the abundance of Firmicutes and did not show an increase in Gammaproteobacteria.

Bouquet et al have assessed the microbial burden in sputum samples from a COPD cohort enrolled in stable

situation,??

and found Prevotella, Veillonella, Haemophilus and Streptococcus as the most prevalent genera in stable
COPD, with Prevotella-predominant microbiomes being associated with the highest diversity. In their study both
Prevotella and Veillonella abundances were related to a low exacerbation frequency, suggesting that a predominance
of these genera in bronchial secretions would be associated with longer periods of stability. More recently, Wang et al
have focused on this topic in a multicohort longitudinal analysis which included more than five hundred COPD
patients,* and observed that in patients with sputum neutrophilia (>61% neutrophils and <3% eosinophils) the over-
representation of Haemophilus was associated with a decrease in microbial diversity and high levels of IL-1 and TNF-a,
either in stability and during exacerbations. In patients with bronchial neutrophilia who showed a more balanced
microbiome, however, levels of these biomarkers were low, while IL-17A was increased. The importance of bronchial
neutrophilia with an overrepresentation of Haemophilus in sputum has been also emphasized by Beech et al, who
demonstrated that COPD patients in this situation show an impaired lung function.*® Then, these studies show that an
increased abundance of potentially pathogenic genera in COPD patients with bronchial neutrophilia cannot be always
assumed, because exists a subgroup of COPD patients with increased neutrophil counts who have a balanced microbiome
which included Veillonella and Prevotella, in the absence of any microbial overrepresentation. Additionally, Wang et al
found that patients with bronchial eosinophilia, fifteen percent of their COPD population, had a bronchial microbiome
that kept high diversity and showed an enrichment in up to 31 non-dominant genera, with main differences in
Granulicatella, Campylobacter, Gemellaceae and Capnocytophaga. These data support the hypothesis that maintaining
a diverse microbiome in bronchial secretions, with a significant presence of Veillonella and Prevotella and in absence of a
dominant genus, would keep a specific inflammatory response with low levels of IL-1 and TNF-o and a higher presence
of IL-17, both in patients with neutrophilic and eosinophilic bronchial inflammatory patterns.*’

1*® have

Keeping the microbial diversity in bronchial secretions has importance for the survival of COPD patients. Leitao et al
reported that patients with higher microbial diversity in bronchial secretions when exacerbated had lower long-term mortality. In
their study specific taxa drove this effect, with Veillonella as a genus associated with a high one-year survival. Similar results were
found by Dicker et al,>> who reported both an increased exacerbation frequency and mortality in the following years in patients

with low microbiome diversity and high relative abundances of the Haemophilus genus in bronchial secretions at enrolment,
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observing also low bronchial eosinophilia in these patients. Overall, these studies support the hypothesis that a diverse bronchial
microbiome improves survival in the mid-term, and, accordingly, therapeutic approaches that maintain the diversity of the
respiratory microbial flora in the subglottic airway may attain a significant impact on the quality of life of COPD patients. Results
from these cohorts also suggested that the effects of respiratory microbial flora may depend on specific components of the
microbiome which may be lost with the decline in bronchial diversity.>*** Supporting this idea, Rigauts et al, in a study which
included in vitro and in vivo analyses, found that Rothia mucilaginosa, a common resident of the oral cavity often detectable in
the lower airway in chronic respiratory diseases, show an inhibitory effect on pathogen-induced inflammatory responses.*’ Their
study included also analyses of sputum samples from a cohort of adults with bronchiectasis, most of them also with COPD,*
where Rothia was negatively correlated with IL-8, IL-1B and matrix metalloproteinases, suggesting that the presence of R.
mucilaginosa in the lower airways may mitigate inflammation. However, inflammatory and clinical patterns may not depend on
specific taxa, because recent work suggests that these responses would be related to the abundance of sets of bacteria able to
modulate cellular functions of other resident bacteria and even the host cells. Sibley et al* showed in a model that three classes of
microorganisms present in oropharyngeal isolates acts synergistically with Pseudomonas aeruginosa, while being avirulent or
even beneficial on its own. This synergy involves microbe—microbe interactions that result in the modulation of the virulence of
the pathogen. Similar results have been reported by Duan et al,”' who have demonstrated that oropharyngeal bacteria enhanced
lung damage caused by P. aeruginosa in an animal model, through an upregulation of the bacterial genome. Commensal
respiratory bacteria may also suppress the outgrowth of potential pathogens belonging to the same genus or family,”* and
potential new therapeutic approaches might reduce colonization by pathogenic microbes through the increase of colonization of
commensal bacteria in the respiratory tract.>”->>>*

A recent study based on systems biology recently demonstrated the significant microbiome-host interplay in the
respiratory system of COPD patients.”® The authors found that Haemophilus and Moraxella were associated with specific
host gene expression profiles, related particularly to immunity and inflammation, suggesting these two genera as key
players in the airway bacterial-host interaction. Haemophilus was associated with host responses both in stable state and
during exacerbations, while the associations for Moraxella were restricted to exacerbations. In the multivariate analyses
of this study Megasphaera and other taxa were associated with a reduced expression of host inflammatory pathways, and
could potentially reverse the airway inflammation induced by Haemophilus and Moraxella. Besides, Megasphaera was
negatively correlated with sputum neutrophil counts. Megasphaera is a known member of human lung microbiome and
has beneficial effects on the host through short-chain fatty acids (SCFAs) production, which are able to inhibit cytokine
production and inflammation in the lung microenvironment.>> The behavior of microbial communities differs from those
of their individual constituents and their interaction may influence disease progression and treatment efficacy.’® Then, the
identification of key bacterial components of the respiratory microbiome may be followed by the induction of changes in
this microbial flora, potentially benefiting the respiratory health.

Oral Treatments
Interventions targeting oropharyngeal health have shown a collateral effect on COPD. Sundh et al, in a randomized trial
assessing the effect of dental cleaning on COPD evolution demonstrated a positive effect of this intervention over the
appearance of exacerbations.”’ In their study it was hypothesized that this effect could be mediated by changes on
oropharyngeal microbiome, but the investigators did not find significant modifications in the microbial composition of the
dental plaque after the intervention, and the hypothesis could not be confirmed. Pragman et al followed a similar approach
using chlorhexidine, and observed that, in spite that neither the oral nor the sputum microbiome mass was lowered with the
treatment, chlorhexidine was able to modify the diversity of both the oral and the bronchial microbiomes. This effect did not
have an impact on systemic inflammatory markers, but treated patients showed a significant improvement in their quality of
life, when measured using the Saint Georges Respiratory Questionnaire.”® In spite that it is necessary to consider these studies
as unconclusive, they suggested that it is possible to attain an improvement in COPD through the induction of changes in the
bronchial microbiome using easily accessible oral cleaning approaches.

Induced modifications of the intestinal microbiome include an additional layer of complexity into the possibilities to
improve the respiratory health in COPD patients. Studies of their intestinal microbial composition have shown that specific
taxa were associated with a functional progressive impairment.”” An increasing number of studies also indicate that changes in
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the gut microbial composition may be linked to modifications of systemic inflammatory and immune responses, which would
be able to influence the respiratory system, as a contributing part of the gut-lung axis.®® These relationships would be mediated
by the passage of microbial mediators, either cytokines or metabolites, into the bloodstream to reach the lung, a mechanism
apparently bidirectional, because inflammatory changes in the lung may induce secondary modifications of the gut
microbiome.®' The details of how the intestinal flora influence the inflammation and immune responses of the lung, and
vice versa, however, are not well known, but keystone species and their spatial organization may drive their functional
behavior.5>%3

Most studies in chronic respiratory diseases have attempted to modify a limited number of bacterial strains of the
intestinal microbiome, using either probiotics or prebiotics, to attain a beneficial effect with the intervention. Probiotics are
live microorganisms that may have a positive effect on human health through a change in the composition of the intestinal
microbiome, and its main route of administration is oral, either with dairy products supplemented with live bacteria or
administering the microorganisms inside a capsule. The most commonly used bacterial genera for this supplementation are
Lactobacilli and Bifidobacteria. A change in the intestinal microbial flora may be attained also with the use of prebiotics,
non-digestible food ingredients that selectively stimulate the growth and/or activity of one or a restricted number of
beneficial bacteria in the gut. Additionally, symbiotic approaches would combine oral probiotics and prebiotics.®*

A part of COPD patients shows bronchial hyperreactivity and studies performed in asthma animal models have given
useful information for this COPD endotype. An initial study tested six different bacterial strains of Bifidobacterium and
Lactobacillus genera to determine their effect on allergic asthma, and found that the oral treatment with Bifidobacterium
breve was effective in reducing the allergic response, with a decrease in both lung inflammation and the response to
methacholine,®® and a subsequent study has assessed the therapeutic effect of long-term oral treatment with B. breve and
Lactobacillus rhamnosus on this inflammatory response, using budesonide as a comparator. L. rhamnosus reduced lung
resistance at the same level that budesonide, and both bacterial strains were as effective as the corticosteroid in reducing
the inflammatory cellular response. Therefore, these bacteria have strong anti-inflammatory properties that appear to be
comparable to budesonide, and may be beneficial in the treatment of obstructive lung diseases.®®

Assessing the indirect modulation of the microbiome through the diet, most research has focus on fiber and its effect on
inflammatory diseases. There have been associations reported in humans between low fiber diets and higher asthma figures,
paralleled in their results by studies showing that Mediterranean diets with high fiber content are associated with a decreased
incidence of asthma, at least partly mediated through the gut microbiome.®”*° Dietary fibers are complex carbohydrates
consisting of both soluble and insoluble components that cannot be digested by the body, which act as a source of nutrition
for intestinal bacteria. Soluble forms, additionally, can be fermented by certain species and lead to physiologically active products
as SCFAs, which exert an effect on gut function and can disseminate systemically.>*’®""> SCFAs are potent anti-inflammatory
molecules, which reduce chemotaxis and adherence in immune cells, while increasing the release of anti-inflammatory cytokines,
and the absorption of these molecules into the systemic circulation has an anti-inflammatory effect in the host.”>”’* The use of
high-fiber diets in an animal model of COPD have demonstrated to be able to minimize the inflammatory response and the
pathological changes associated with emphysema progression.”> Thus, all these studies support the hypothesis that the gut
microbiome is able influence lung health through systemic changes induced by microbial metabolites, a mechanism that would
be favored by diets with a high fiber content.

Conclusion

The aim of interventions over the human microbiome in COPD are based on the hypothesis that keeping the microbial
flora as close as possible to the healthy subject, focusing in taxa with a demonstrated impact on the prognosis of the
disease, would have a positive impact on the respiratory health (Table 2). Actions on COPD begin with smoking
cessation, but most microbiome changes associated with tobacco use are restricted to the upper airway, and smoking
interventions would not determine significant changes in the lower airway microbiome. The next treatment step in COPD
is the introduction of inhalers, and corticosteroid as a chronic treatment is recommended for patients with frequent
exacerbations. In patients with low blood eosinophil counts, however, this therapy increases both bronchial microbial
load and abundance of potentially pathogenic bacteria, and a restriction in the use of inhaled corticosteroids in COPD

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 https: 1841
Dove:


https://www.dovepress.com
https://www.dovepress.com

Millares and Monso Dove

Table 2 Genera Part of the Bronchial Microbiome with a Demonstrated Impact on COPD

Impact Genera Respiratory Health Reference
Positive Prevotella Low exacerbation frequency [22]
Veillonella Low exacerbation frequency [22]
Improvement in survival [48]
Rothia Low bronchial inflammatory biomarkers [50]
Megasphaera Low bronchial inflammatory biomarkers [55]
Negative Pseudomonas Severe disease [11-13]
Frequent exacerbations [9,12, 22, 23]
Haemophilus Exacerbation [9, 19, 20]
High bronchial inflammatory biomarkers [45, 55]
Impairment in lung function [46]
Impairment in survival [23]
Moraxella Exacerbation [9, 19, 20]

patients who do not show peripheral eosinophilia, when possible, could probably avoid increases in the bacterial loads of
potentially pathogenic microorganisms as are Haemophilus influenzae and Streptococcus pneumoniae.

Antibiotics are commonly used in COPD when exacerbations appear and determine a decrease in the microbial
diversity of the respiratory tract, a change still observed months after the treatment, that persists during stability periods
in frequent exacerbators. High-diversity bronchial microbiomes show an enrichment in non-dominant genera which
include Prevotella and Veillonella, and is associated with decreased levels of local inflammatory mediators, low
exacerbation frequencies and higher survival. It is possible that therapeutic approaches that maintain the diversity of
the respiratory microbial flora in the bronchial tree show a positive impact on the quality of life in COPD patients, even
increasing survival. Treatment of COPD exacerbations with systemic steroids favor microbial diversity, and the
introduction of antibiotics in the therapy of acute episodes needs to be restricted to the recommendations of the
guidelines, avoiding antibiotic overuse.

Oral interventions may improve lung health in COPD patients. Chlorhexidine has shown and effect on the bronchial
microbiome associated with an improvement in the quality of life of the treated patients, and the intestinal microbiome
may be also modified using oral administration of probiotics or prebiotics. The addition of Bifidobacterium breve and
Lactobacillus rhamnosus to the diet decreases lung inflammation and bronchial hyperreactivity in animal models, and
high fiber diets favors the production of physiologically active products by the gut microbial flora in these models, which
can disseminate systemically, some of them potent anti-inflammatory molecules.

Interventional approaches targeting the respiratory microbiome in COPD need first to consider accurately the patients
who would benefit from long-term inhaled corticosteroids and antibiotic treatment during exacerbations, because the use
of these therapies would modify the bronchial microbiome, potentially impairing its diversity and favoring the over-
representation of potentially pathogenic taxa. New interventions with potential effects on COPD include oropharyngeal
antiseptics as chlorhexidine, and high fiber diets, that have shown in preliminary studies its capability to decrease
systemic inflammatory mediators and are able to influence the respiratory system through the gut-lung axis. The
hypothesized effects of these therapeutic approaches, however, still need additional research to be confirmed, and also

would require the identification of the subtypes of patients who could benefit the most with their use.
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