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Introduction

From birth, the body’s environmental interfaces adapt,
mature, and interact with a dynamic community of
microorganisms. These bacterial, viral, and fungal
microorganisms form the microbiome, which is one
part of an ecosystem that lives amongst the body’s
cellular infrastructure. Microbiomes play essential roles
in maintaining homeostasis. Each biome influences its
respective anatomical home by modulating the activity of its
eukaryotic constituents. The evolving microbiomes residing
in the respiratory tract can modulate immune system activity.
This modulation is especially relevant from birth to age
3 years when the microbiome is most impressionable to its
host environment and the immune system is most responsive
to the changing microbiome (1). In recent years, increasing
numbers of studies show that certain microbiome profiles
influence future immune reactions implicated in respiratory
illnesses such as asthma (2). Asthma is of particular
importance due to its already high global prevalence,
large economic burden, and increasing pervasiveness (3).
In their review paper “Respiratory tract mucous membrane
microecology and asthma”, the subject of this editorial,
Chen and Qiu discuss interactions between the dynamic
microbiome and immune system that may lead to asthma (4).
Specifically, a lack of host exposure to specific symbiotic
microbiota early in life may result in immune deviation
and a dysbiotic respiratory mucosal membrane. Symbiotic
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bacteria promote balanced immune activity by inhibiting
pro-inflammatory cytokines [interleukin (IL)-4, IL-5,
and IL-9], decreasing IgE production, downregulating
infiltration of white blood cells, and reducing colonization
of pathogens. A lower abundance of symbiotic bacteria
can lead to increased pathogenic adhesion to the epithelial
barrier which is the initiation site of inflammatory immune
activity. Prolonged interactions between an immune system
and an imbalanced microbial community can lead to diseases
such as asthma. However, the mechanisms underlying
microbiome-driven alterations in immune activity are still
not fully understood. Understanding these mechanisms may
aid in the early intervention and prevention of asthma. This
editorial will analyze and supplement findings provided
by Chen and Qiu’s review in order to further elucidate the
way in which an imbalanced microbiome contributes to a
dysbiotic mucosal barrier and asthma.

The microbiome—friend or foe?

The respiratory tract microbiome consists of interconnected
airways lined by epithelial cells and the microorganisms that
live within these structures. It is generally accepted that the
airways are populated from birth onwards by millions of
different unicellular organisms of varying abundances falling
predominantly under the genera Firmicutes, Actinobacteria,
Bacteriodetes, Proteobacteria, or Fusobacteria (5,6). By the age
of 3, the complexion of the microbiome is relatively stable
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with only minor adaptations occurring throughout the
rest of the lifespan (7). Therefore, the early years in the
development of the microbiome exert the greatest intensity
of growth and adaptation (7). Specifically, alterations in
the relative abundance of commensal and pathogenic
bacteria either confer health benefits or risk factors in
asthma development. Further, certain viral exposures
promote a dysbiotic airway microbiome associated with
asthma phenotypes (3). Tracking human infant microbiome
profiles in response to respiratory syncytial virus (RSV)
infection (before 6 months) revealed a microbiome favoring
pathogenic bacteria (8). For instance, the microbiome
of RSV-infected infants was dominated by pathogens
Moraxella, Streptococcus, Corynebacterium, Dolosigranulum,
and Haemophilus (9). Conversely, the bacterial profile in
healthy infants displayed a significantly lower abundance
of Haemophilus and pathogenic bacteria in general,
and a much higher abundance of commensals such as
Staphylococcus (9). A similar pathogenic microbiome profile
appeared in human rhinovirus (HRV)-infected infants.
Compared to viral negative samples, HRV-infected infants
had significantly higher relative abundance of Moraxella,
and significantly lower abundance of Staphylococcus and
Bacillus (10). Streptococcus became the dominant cluster
following HRV infection along with changes in enhanced
microbial diversity, increased bacterial load, and bacterial
richness (6). These were not minor changes but profound
alterations in the bacterial hierarchy of the microbiome.
These maladaptive alterations of the microbiome early
in its development are associated with the development
of asthma. A related study showed that relative higher
abundance of certain pathogenic bacteria such as Moraxella
and Haemophilus were associated with wheezing episodes
and developing asthma symptoms (11). Additionally, the
diversity of the RSV-infected microbiome was positively
associated with not only severity of viral symptoms but
also a higher number of wheezing episodes at age 4 (8).
However, a microbiome reflecting a greater exposure to
symbiotic bacteria seems to protect against asthma. When
the relative abundance of Lactobacillus was greater than
~0.001, none of the infants developed subsequent wheezing
episodes (10). Additionally, the detection of Lactobacillus
in infants decreased the odds of subsequent wheeze by
70% and recurrent wheeze by 80% (11). However, when
the relative abundance of Lactobacillus was lower, infants
were more at risk for future wheezing episodes (10).
These findings illustrate the consequences of microbe-
specific domination, as well as the fine balance between
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commensal and pathogenic bacteria. A study examining
viral-induced cluster switching showed just how delicate
this balance is. Cluster switching in infants following RSV
infection from commensal bacteria such as Corynebacterium
and Dolosigranulum to pathogenic dominated clusters
of Streptococcus and Moraxella confer the greatest risk
of asthma exacerbation (6). A study examining human
microbiome profiles of asthmatics show these same themes
in microbial alterations. During acute exacerbation of
asthmatic patients, microbiomes of the nasal airway
displayed changing compositions, suggesting an unstable
nasal microbiota. During acute asthma exacerbations in
young children, pathogenic microbial populations were
significantly associated with allergic asthma. In these
children, abundance of Streptococcus was significantly higher
while Corynebacterium and Dolosigranulum were depleted.
Again, these studies show that microbiome profiles
that display intense changes, specifically changes from
commensal dominating bacteria to pathogenic domination
confer the greatest asthma risk (6,9-11). However, the
question remains, how do these microbial alterations in
the early life microbiome modulate response patterns of
the immune system? The next section will suggest how
certain microbiome profiles modulate immune activity in
relationship to asthma.

Immunological conversations with the
microbiome

The microbial species of the mucosal membranes are in
constant conversation with their immunological neighbors.
In their paper, Chen and Qiu discuss toll-like receptors
(TLRs) as a critical method of communication between
the microbiota and immune cells. TLRs recognize a wide
variety of microbial products and the array of responses
TLRs induce are in part responsible for the maturation
and activation of immune cells. Due to the response of
TLRs reflecting the microbial environment in which they
reside, TLRs may play a role in mediating microbiome
modulation of the immune system. In mice and humans,
activation of TLR2 and TLR4 pathways upregulated Treg
development and activation (12), suggesting a protective
role of certain TLRs in immune development. However,
not all TLR activation confers protective benefits, rather
the microbiome composition determines the response
TLRs induce. For instance, children exposed to high levels
of lipopolysaccharides (LPS) in early life had decreased
production of regulatory cytokines such as IL-10 compared
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to children exposed to low levels of endotoxin (13). Further,
LPS of pathogenic bacteria Haemophilus and Moraxella
elicited 10-fold higher TLR4 signaling iz vitro compared
to the LPS of commensal bacteria (14). TLR4 signaling
has also been implicated in inducing a Thl response (15).
In humans, the penta-acylated lipid A isoform induced
substantial TLR4 inhibition, whereas the hepta-acylated
lipid A variants are considered a potent stimulator of
TLR4 signaling which led to a Thl response (16). Thus,
TLR activation by pathogenic-dominated microbiomes
may be a critical mediator in the mechanisms underlying
immunomodulation leading to asthma.

Chen and Qiu discuss other ways in which an imbalanced
microbial environment can modulate immune activity. In
their review, they reveal the protective role of symbiotic
bacteria in the setting of asthma via their ability to inhibit
Th2 pro-inflammatory cytokines (IL-4, IL-5, IL-9), IgE
production, decrease in white blood cell infiltration, and
increase in numbers of CD4" and CD8" T cells. Studies of
infants infected by RSV show dampened and impaired CD4"
and CD8" T cell responses likely due to RSV’s ability to
drastically alter the microbiome composition (17). An RSV-
altered microbiome also displayed higher overall levels of Th2
and Th17 cytokines (IL-4, IL-5, IL-6, IL-13) while at the
same time decreasing immunoregulatory and non-interferon
(IFN) mediators (18). In another infant-RSV study, there
was a positive association between infection, pathogenic-
driven bacteria (Moraxella and Klebseilla), and increased in
Th2 and Th17 pro-inflammatory cytokines (9). Lastly, there
is an association of serum IgE with severity of asthma (19).
Further, higher levels of pathogenic bacteria such as
Haemophilus have also been positively correlated with higher
IgE levels (20).

Alterations in the microbiome have significant impact on
many different aspects of immune functioning, but as Chen
and Qiu report, the most impactful change a microbiome
may have on the immune system is inducing a dysbiotic
epithelial-mucosal barrier. The epithelial mucosal barrier is
the first line of defense, initiates subsequent immunological
responses, and, during asthma exacerbations, is also the
immunological endpoint of activity (21). In other words,
a hyperreactive epithelial barrier, after being activated,
will significantly increase mucus production, bronchial
constriction, and vascular permeability, allowing white
blood cells to infiltrate the airways (21). These phenomena
are the pathological hallmarks of asthma, making it difficult
to breathe. As discussed in their review, pathogenic-driven
alterations in the microbiome can promote a dysregulated

© Annals of Translational Medicine. All rights reserved.

Page 3 of 5

epithelial barrier. Alterations in microbial species and their
relative abundance reflect changes in host environment
and lifestyle. How the microbiome changes in response to
environment is addressed next.

Environment, the microbiome, and asthma

Ultimately, cross talk does not only occur on a micro scale
between bacteria and immune cells in the airway, but also
occurs on a larger scale where environmental and lifestyle
factors shape the microbiome profile, and this profile
then shapes the body’s response to future environmental
encounters and lifestyle habits. As seen with birth delivery
method, infants delivered by C-section have a larger relative
proportion of Firmicutes and lower relative abundance of
Actinobacteria compared to vaginally-delivered infants (22).
Within the heightened Firmicutes, Staphylococcus was found
at a higher relative abundance in C-section-delivered
infants (22). On the other hand, commensal bacteria, such
as Corynebacterium, were at a higher relative abundance in
vaginally-delivered infants. Overall, these studies show that
the taxonomic profile of airway microbiomes in vaginally-
delivered infants more closely matched the previously
observed nasal microbiome profile of adults than those
delivered by C-section. This supports the idea that the nasal
microbiome of vaginally-delivered infants may be more
representative of an environment successfully colonized
by stable commensal bacteria. It also shows that certain
environmental interactions alter microbiome profiles and
confer protection, in the case of commensal colonization,
or asthma risk, in the case of pathogenic colonization. Diet
also influences the development of the microbiome. Infants
who were exclusively breastfed display microbiome profiles
with higher abundances of commensal bacteria such as
Dolosigranulum and Corynebacterium and lower abundances
of pathogenic bacteria like Streptococcus, Prevotella, and
Veillonella (23). Diet changes substantially from birth
until the age of 2. Initially, infants are usually restrained
to a limited diet, with solid and a more diverse range of
food introduced around 6 months. Changes in diet are
significant markers in the development of the microbiome
and more studies examining the changing gut microbiome
across these critical developmental years are needed in
order to fully understand the effect diet has on the dynamic
microbiome profile. Lastly, antibiotic use has a robust effect
on the microbiome profile. Early life and prenatal exposure
to antibiotics increased the risk for allergic asthma (24).
Following maternal antibiotic use, infants had relative
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higher abundance of pathogenic Moraxella than those
who had antibiotic-free maternal environments. Further,
neonatal treatment with vancomycin increased eosinophil
infiltration and allergen-specific IgE as found in
broncoalveolar lavage (24). In summary, environmental
and lifestyle factors, especially early in life, are the source
of the microbiomes’ organisms, and significant changes in
the microbiome reflect changes in the host’s environment
and lifestyle. The developing microbiome, depending on its
commensal or pathogenic profile in conjunction with the
immune system can either confer protection or increase the
risk of asthma.

Conclusions

After analyzing Chen and Qiu’s review of the respiratory tract
mucosal membrane and supplementing with related literature,
it is evident the microbiome has immunomodulatory abilities.
Maladaptive modulatory effects are induced by alterations in
the composition of the microbiome. Specifically, pathogenic
bacteria and their interaction with several immunological
cells and mechanisms such as T cells, toll-like receptors, IgE
producing B cells, pro-inflammatory cytokine production,
and cell recruitment promote a dysbiotic epithelial barrier.
The dysbiotic epithelial barrier may create hyperactive
epithelial responses to allergens and airway stressors, thus
driving hyperinflammatory immune cascades that may lead
to asthma. Changes in microbiomes are a result of host
environment and lifestyle. Thus, exposure to symbiotic
microbial communities early in life is of critical importance
in respiratory health. Additionally, a further understanding
of the wide ranges of immunological responses to altered
microbiomes is needed.
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