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Incorporating the airway microbiome into asthma
phenotyping: Moving toward personalized
medicine for noneosinophilic asthma
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Asthma is highly heterogeneous in severity and in patterns of
airway immune responses."2 This heterogeneity, which was
expressed as differences in asthma phenotypes, challenges the
effectiveness of uniform management strategies. For example, it
is clear that current therapies directed largely at ameliorating
bronchoconstriction and airway inflammation with bronchodila-
tors and inhaled corticosteroids do not work for all patients.
A promising approach to this clinical dilemma lies in stratifying
patients by markers of underlying airway inflammation, in
particular neutrophilic and eosinophilic phenotypes. Such
strategies have already identified patients with eosinophilic or
type 2-driven inflammation as more likely to respond to
corticosteroids or recently approved biologics and have prompted
research on phenotypes unresponsive to such treatments, such as
those with noneosinophilic inflammation or eosinophilic
inflammation  that persists despite high-dose inhaled
corticosteroid treatment. Although many mechanisms underlying
eosinophilic asthma have been delineated, the mechanisms
driving neutrophilic or persistent eosinophilic inflammation
remain poorly understood.

Severe asthma itself is heterogeneous based on differences in
clinical, demographic, and inflammatory features. Recent
findings indicate this heterogeneity extends also to the
microbiome domain; differences in the composition of lower
airway microbiota have been linked to distinct clinical and
inflammatory features among patients with severe asthma.””
A new study by Taylor et al® in this issue of the Journal based
on analysis of sputum collected from 167 participants in the
Asthma and Macrolides: the Azithromycin Efficacy and Safety
Study (AMAZES) trial (ACTRN12609000197235) provides
additional evidence linking characteristics of the airway micro-
biota to inflammatory phenotype in a large severe asthma cohort.
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The findings by Taylor et al® support growing evidence that
perturbations in the airway bacterial microbiome can play a
role in neutrophilic asthma. Compared with patients with
eosinophilic inflammation, who actually comprised the greatest
proportion (50%) of subjects in the study, those with neutrophilic
inflammation harbored a less diverse bacterial community.
Specifically, this subgroup demonstrated relative enrichment in
the opportunistic pathogens Haemophilus and Moraxella species
and a reduced relative abundance of Streptococcus, Gemella,
Rothia, and Porphyromonas species, organisms typically viewed
as nonpathogenic commensals. Overall, these results are in
agreement with those of prior studies that have found collectively
that members of the Gammaproteobacteria (the taxonomic class
to which Haemophilus and Moraxella species and many other
potential respiratory pathogens belong) become more dominant
in the lower airways with increasing disease severity. Moreover,
immune responses related to neutrophilic inflammation
(eg, Tyl7-associated epithelial gene expression’) have been
associated with Gammaproteobacteria abundance.

These biological features might explain the ineffectiveness of
corticosteroids in certain subsets of patients with steroid-
refractory asthma, among whom it has been shown that the
presence of Haemophilus but not Prevotella species can attenuate
the macrophage response to dexamethasone.” However, just as
intriguing is the finding by Taylor et al® of essentially no
relationship between airway bacterial community composition
and sputum eosinophil percentages. This is consistent with prior
reports of inverse or negative relationships between airway biopsy
or sputum eosinophil counts and bacterial burden in both patients
with severe and those with mild asthma.”’ These observations
collectively suggest that other factors, including the potential
role of nonbacterial microbiota, such as fungi, can drive the
pathogenesis of eosinophilic asthma.

Of note, the subjects classified as having neutrophilic asthma in
this study comprised only 8% (n = 14) of the 167 subjects
analyzed compared with 50% classified as having eosinophilic
asthma. Thus one might have expected associations to have been
found between eosinophilic inflammation and the profiled sputum
bacterial community. Instead, the opposite was observed.
Moreover, paucigranulocytic inflammation was the second most
common phenotype (36%) observed, and the absence of relation-
ships to the bacterial microbiome implies that other mechanisms
are involved in this subgroup. Finally, the assertion that neutro-
philic asthma was characterized by “a greater frequency of taxa at
high relative abundance” (namely, Haemophilus and Moraxella
species) is weakened by the fact that less than 50% (6/14) of
the subjects actually displayed this pattern and comprised only
4% of the total study cohort. This highlights the heterogeneity
of the airway microbiome, at least compositionally, even within
this severe asthma subgroup, as is evident from Fig 2 of the study.®
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An important strength of the study is the relatively large
number of patients with severe asthma studied, representing one
of the largest investigations to date that corroborates previous
findings of airway bacterial microbiota associations with
diminished or absent eosinophilic inflammation in asthmatic
patients. However, it remains unclear whether and, if so, to what
extent patterns of airway microbial dysbiosis actually drive rather
than merely reflect associated patterns of immune response.
Mechanistic studies will be necessary to elucidate how members
of the airway microbiota induce or modulate inflammatory
responses in asthmatic patients. Compositional profiling needs
to be complemented with function-oriented analyses of both the
host and microbial sides because interactions between the host
and microbiome are almost certainly bidirectional, with species-
and strain-specific behaviors shaped by the microenvironment in
which they exist. Thus the surrounding physiologic, biochemical,
and microbial milieu shapes both the composition and function of
a microbial community.

Of relevance to this discussion, byproducts of host inflamma-
tion can serve as growth factors for Gammaproteobacteria. These
include reactive oxygen and nitrogen species produced by
neutrophils and other cell types that can be converted by members
of the Gammaproteobacteria to support their anaerobic
respiration in inflamed obstructed airways.® This reflects the
versatility of microbes to adapt and even thrive under a variety
of conditions, invoking mechanisms like those demonstrated in
Gammaproteobacteria, such as Pseudomonas, Moraxella,” and
Haemophilus'® species.

Although obvious, it should be kept in mind that the conditions
shaping microbial behavior include administration of treatments
intended to ameliorate asthma. An example is the finding that
exposure to corticosteroids alters the physiology and gene
expression profiles of Haemophilus influenzae to induce biofilm
formation and resistance to macrolide antibiotics.'' Conversely,
it should also be kept in mind that subject-specific microbiomes
can shape the efficacy of therapeutics, as has been best shown
in the gut.'?

The clinical promise of this study is its suggestion of the
possibility of developing personalized treatments for neutrophilic
asthma through antimicrobial or microbiome-modifying
approaches.

Whether such strategies will be effective and result in sustained
improvement in outcomes remains uncertain. Some clues as to the
effectiveness of antimicrobial treatment might be provided by the
trial into which the subjects of this study were enrolled (ie, the
AMAZES trial of the benefits of sustained treatment of
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noneosinophilic asthma with azithromycin). Other approaches,
such as probiotic or prebiotic administration to revert pathogen
overgrowth, might also be effective. However, it is likely that
patient-specific factors will affect the success of attempts to
modify their microbiome. Longitudinal studies will be necessary
to understand the dynamics of the airway microbiome in
asthmatic patients and the extent to which changes are
accompanied by shifts in patterns of airway inflammation. It is
clear that more studies will be needed to achieve the goal of truly
personalized treatment strategies for asthma, a goal whose
achievement is well served by the attention of Taylor et al® to
the airway microbiome as a possible phenotypic feature that
might help identify the patients with asthma best suited for
particular treatments.
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