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It has been noticed that asthma is associated with changes in the microbiome (microbial flora) of the subject as early as the

start of the atopic march in infancy. Increasing evidence suggests that the compositions of the lung and gut microbiomes

determine the risk of asthma and allergies. Regulating the microbiome of the mother prenatal and the newborn postnatal

seems to be the most promising approach in preventing or ameliorating atopy. Identification of populations at risk is of

utmost importance to ensure primary prevention. Effective anti-viral therapies, targeting pathogenic bacteria within the

nasopharyngeal microbiome during the first year, could represent a prophylactic approach to asthma.
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INTRODUCTION

There is an increase in the prevalence of atopic disorders in
infants and children in our developing countries since we
started adopting ‘Westernized life style” with different modi-
fying diet pattern which affected our microbial flora diversity
and composition, add to it the environmental changes. This
change in composition of our microbial flora impaired our im-
mune regulatory mechanism and immune tolerance to envi-

ronment [1].

Asthma is defined as “the experience of a variable degree of
airflow obstruction, breathlessness, with bronchial hyper re-
sponsiveness, associated with chronic airway inflammation
and excessive mucus production”. There is airway modulation
and non-reversible changes of the bronchial tree. Airway re-
modeling can often cause irreversible airflow limitation and
an increase of airway hyper responsiveness [2]. There are vari-
ous specific and unspecific triggers which have been identified
that can lead to an increase in inflammation, obstruction and
symptoms.

Traditionally, asthma, especially allergic asthma, has been
considered an inflammatory disease associated in an increase
in TH2 cells, IgE antibodies, and accumulation of eosinophils
in the lungs with goblet cell hyperplasia [3, 4]. Asthma is a
complex syndrome which includes different phenotypes [4].
There are early-onset allergic asthma, late-onset eosinophilic
asthma, exercise-induced asthma, obesity-related asthma and
non-eosinophilic asthma [4, 5]. Lately it has been noticed that
asthma in general is associated with changes in the microbi-
ome (microbial flora) of the subject as early as the start of the
atopic march in infancy [6].

Given that the microbial flora has been associated with com-
municable and non-communicable diseases, it would be es-
sential to find a relation between microbiomes and asthma.

What is microbiome, microbiota or microbial flora?

Microbiota is “the ecological community of commensal, sym-
biotic and pathogenic microorganisms that literally share our
body space”. The Human Microbiome (all of our microbes’
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genes) can be considered a counterpart to the human genome
(all of our genes). The genes in our microbiome outnumber
the genes in our genome by about 100 to 1 [7].

The microbial communities, particularly in the gut, play a key
role in the development and maintenance of immune re-
sponses, protection from pathogenic organisms and counter-
act the inflammatory cytokines that are produced by patho-

gens, i.e. “Infection, inflammation & atopy” [8, 9].

Scholars distinguish between the concepts of microbiome and
microbiota to separate the collective genomes of microor-
ganisms from the microorganisms themselves, although the
original definitions do not distinguish between them [10]. The
adult human harbors approximately 100 billion bacteria in
the intestine alone, and the microbiome accounts for about
90% of the cells in the human body. The human genome com-
prises about 21,000 (23000) genes that encode proteins [11].
In contrast, the microbiome may comprise approximately one
to three million genes. The microbiome may be considered a
“new organ system” because its existence and contributions
to human health was uncovered by researchers between 15
and 20 years ago [12].

The composition and function of the microbiome of the hu-
man gut evolves during the first years of life and stabilizes
within the first 3 years of age [13, 14]. The development of the
gut microbiome is influenced by interactions between diet,
environment, and host-microbe-associated factors. The gut
microbiome plays a fundamental role in shaping host immu-
nity by balancing the activities of Th-1 cells and Th-2 cells [15].

The microbiota can activate distinct tolerogenic dendritic cells
in the gut and through this interaction can drive regulatory
T-cell differentiation, which corrects the Th-2 immune skew-
ing that is thought to occur at birth [16]. If appropriate im-
mune tolerance is not established in early life and maintained
afterward, it will represent a risk factor for the development
of inflammatory, autoimmune, and allergic diseases [17].
The factors that affect and determine the microbial flora are:
type of delivery being cesarean section/NVD, breastfeeding/
bottle, timing of introduction of solid foods, and the use of
antibiotics by the mother or infant during early 100 days of
life [18]. All the factors mentioned affect the gut microbiome
development and are associated with increased or decreased

incidences of asthma and allergies [19].

Infants at one-month of age, who were colonized with Clos-
tridium difficile after cesarean section, were found to have
an increase in the risk of asthma at 6 years of age [20]. The
gut microbiome, depending on the stimulus, has airway re-

sponse when the microbiome is disrupted, toward either Th-1

cells (possibly suppressed in asthma and allergy) or Th-2 cells
(enhanced in asthma and allergy) [21]. By controlling the ac-
tivation of antigen-presenting dendritic cells in the gut, single
bacterial species may regulate the differentiation of naive T
cells into regulatory T cells [22]. The lungs of the new-born
infants were believed mistakenly for many years that they
are sterile. Factors affecting early respiratory colonization
are antibiotics, delivery method, chorioamnionitis/antenatal
colonization, bowel colonization, nasopharyngeal coloniza-
tion, and feeding methods. All these lead to neonatal and lung
colonization which in turn have an impact as early respira-
tory colonization which lead to risk of bronchitis, long term
risk of wheeze/asthma, mucosal immune modulation and risk
of chronic lung disease especially in preterm infants [23]. In
children with asthma, the bacterial load is significantly higher
in the lung compared with healthy controls [24]. Airway mi-
crobiological diversity in the lungs was significantly greater in
asthmatic children who demonstrated significant reduction in
bronchial responsiveness after antibiotic treatment [25]. Six
weeks of treatment of asthmatic patients with azithromycin
reduces the relative abundance of: Prevotella from 4.54 to
3.43%, Staphylococcus from 10.49 to 4.59%, and Haemophilus
from 10.74 to 3.28% [26].

Increasing evidence suggests that the compositions of the
lung and gut microbiomes determine the risk of asthma and
allergies. The hygiene hypothesis argues that the lack of early
exposure to infectious agents, symbiotic microorganism’s in-
creases susceptibility to allergic diseases through insufficient
stimulation of Th-1 cells, which cannot counterbalance the
effects of Th-2 cells, leading to predisposition to allergic dis-

eases [27].

The biodiversity hypothesis suggests that disturbances in the
composition of the gut microbiome of citizens of western
countries induced by antibiotics, diet, and lifestyle disrupt the
mechanisms of mucosal immunological tolerance. The biodi-
versity hypothesis extends the hygiene hypothesis by stating
that the gut microbiome interacts with the immune system to
maintain the efficiency of the immune system [28].

Factors affecting diversity are diet, host genetics, treatment
medication, environment, immunity and previous infection.
Evidence indicates that the diversity of the body’s microbiota
is negatively associated with the risk of developing asthma
and allergy. The biodiversity and microbiota hypotheses argue
that changes in how people interact with the environment
reduce exposure to microorganisms and this may affect the
mechanisms of development of immunologic tolerance [29].
For example, consumption by mothers and infants of un-

treated cow’s milk is negatively associated with asthma and
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allergies in children regardless of whether they live on a farm
[30]. A diverse intestinal flora in early life is associated with
reduced risk of allergy at five years of age [31].

The association of gram-negative Gamma proteobacteria such
as Acinetobacter with atopic disease is supported by the posi-
tive correlation of the levels of a regulator of immune toler-
ance, IL-10, with the abundance of Acinetobacter on the skin
of healthy but not atopic adolescents [32].

Evidence supporting the microflora hypothesis includes the
increased incidence of asthma and allergies in industrial-
ized countries during the last 50 years [33]. This may explain
why diseases such as asthma and allergy develop at any age.
The major relationship and correlation are between allergic
diseases and antibiotic use, correlation between allergic dis-
eases and altered fecal microbiota, in addition to correlation
between allergic diseases and dietary changes [34].

The microbes living in a baby’s gut during its first month of life
may directly impact the developing immune system, leading
to a higher risk of allergies and asthma later in childhood [35].

The team, at the University of British Columbia and the Chil-
dren’s Hospital in Vancouver, compared the microbiome at
three months and at one year with asthma risk at the age of
three. Children lacking four types of bacteria - Faecalibac-
terium, Lachnospira, Veillonella, and Rothia (Flvr) - at three
months were at high risk of developing asthma at the age of
three, based on wheeze and skin allergy tests [36]. The same
effect was not noticed in the microbiome of one-year-olds,

suggesting that the first few months of life are crucial [37].

Early and chronic parasitic worm infections of gastrointesti-
nal tract protect against respiratory allergies and, in the case
of hookworm infections, also for asthma [38]. There are pos-
sible interactions between gut parasites and the microbiota
because they both inhabit the same organ. Worm parasites
seem to be able to manipulate both innate immunity and
adaptive immunity [39]. Helminths strongly induce Th-2 re-
sponses and increase IgE levels [40]. It is hypothesized that
cross-reactive IgE might help prevent atopic sensitization and
the development of allergic diseases in children with helminth
infections. Helminths are also master inducers of immune reg-
ulatory processes [41, 42].

Infections with H polygyrus or exposure to its excretory/se-
cretory antigens (collected from cultures of live adults) could
prevent experimentally induced airway allergy [41, 42]. Viral
respiratory tract infections are not associated with protection
against atopy or asthma. Bronchiolitis induced by RSV or rhi-

novirus has been consistently associated with increased risk

of later asthma in numerous studies [43, 44]. Some recent
studies have suggested a putative interplay between viruses
and pathogenic bacteria in the noses and upper respiratory
tracts of young children [44, 45]. The presence of bacteria in
nasopharynx was associated with increased respiratory symp-
toms and asthma exacerbations [46, 47]. The nasopharynx is
a reservoir for microbes associated with acute respiratory in-
fections (ARIs). Lung inflammation resulting from ARIs during
infancy is linked to asthma development, especially during the
critical first year of life. The nasopharynx microbiome is de-
terminant for infection spread to the lower airways, severity
of accompanying inflammatory symptoms, and risk for future
asthma development. Early asymptomatic colonization with
Streptococcus was a strong asthma predictor, and antibiotic
usage disrupted asymptomatic colonization patterns [47, 48].

Bacterial intestinal infections

The gut microbiota metabolizes dietary fibers, resulting in
increased circulating short-chain fatty acids [49]. Short-chain
fatty acids ultimately induced seeding of the lungs with DCs
with an impaired ability to promote Th-2 cell effector func-
tion. These results suggest a mechanism whereby diet in as-
sociation with the intestinal microbiota could have a direct

influence on the development of asthma.

Infection by H pylori, especially in early childhood, might con-
fer benefits because protective effects of H pylori infection
against the development of asthma and allergies have been
described [50]. Various persistence determinants of H pylori
have been shown to be critically important to these protective
effects and are being evaluated for further therapeutic appli-
cations [51, 52].

A recent study showed that farm dust reduced the production
of innate type Th- 2 cytokines by epithelial cells [53]. Maternal
exposure to microorganisms can reduce the risk of offspring
having allergic diseases. Epigenetic changes after farm expo-
sure might be responsible for increasing the number and func-
tion of cord blood T regulatory cells [54].

Lungs support a complex microbiota originating from inhaled
microbes and flora from the digestive system [55]. Low mi-
crobial diversity in the lung has been found in patients with
diseases such as asthma. New studies have linked the compo-
sition of the lung microbiome to therapy responses to cortico-
steroids by uncovering a difference in microbiota composition
in steroid-responsive and steroid-resistant patients [56].

Probiotics are defined as viable microorganisms that enhance
the host’s health [57]. There is great uncertainty about the
efficacy of probiotics for preventing and treating asthma and

allergies! A meta-analysis of 25 studies that assessed the ef-
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fects of probiotic administration in children on atopy and
asthma found that administration of probiotics reduces IgE
levels and the risk of atopic sensitization but not the risk of
asthma or wheezing [58]. The decrease in total IgE was more
pronounced when probiotics were administered for longer
time, and the reduced risk of allergic sensitization may there-

fore depend on the specific bacterial strains.

The administration of probiotics during pregnancy and to
infants may contribute to the prevention of atopic (eczema)
diseases in high-risk infants [58] but not asthma. Probiotics
may have great potential for preventing and treating allergies,
although the bacterial species, their numbers, and the dura-
tion and timing of treatment that are safe and effective are
unknown yet [30]. The results of a controlled clinical trial of
newborns indicate that 6 months of treatment with oral pro-
biotics protects against IgE-associated dermatitis at 2 years,
but only for those at high risk of eczema. The effect disappears
after 5 years of age [59].

The future outlook is to continue to focus on the functional
and ecologic characteristics of the gut and lung microbiomes
of healthy people as well as the features of the lung and gut
microbiomes of patients with specific diseases. The develop-
ment of strategies to improve microbiome colonization pat-
terns will likely enhance health throughout an individual’s life.
It will be necessary to determine if variations in the micro-
biome are the cause or effect of allergies and asthma, and
longitudinal studies are essential to control for different con-
founding factors [29]. Microbiome could be used to improve
diagnostics as well as treatment and prevention strategies
that might include probiotics as well as dietary and lifestyle

interventions.

CONCLUSION

The Microbiome can be defined as all microorganisms that in-
habit humans and interact with the environment. Microbiome
of humans is continuously exposed to many factors such as
the use of antibiotics, diet, and infections which may change
its diversity and composition and lead to increasing suscepti-
bility to asthma and allergies.

There are differences between the lung and the gut microbi-
omes of healthy people was well as those with asthma and al-
lergies. The ultimate goal is to understand whether the micro-
biome is linked to disease and whether manipulation of the
microbiome will be useful to preserve lung function, prevent,

and treat allergies.

Regulating the microbiome of the mother prenatal and the
newborn postnatal seems to be the most promising approach
in preventing or ameliorating atopy. Identification of popula-

tions at risk is of utmost importance to ensure primary pre-
vention. Effective anti-viral therapies, targeting pathogenic
bacteria within the nasopharyngeal microbiome during the
first year, could represent a prophylactic approach to asthma
[48]. Increasing knowledge of the immunomodulatory effects
of microbial-host interactions might also offer a chance to de-

velop novel therapeutic treatments.
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