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SUMMARY: Permall DL, Pasha AB, Chen XQ, Lu HY. The lung microbiome in 
neonates. Turk J Pediatr 2019; 61: 821-830.

Despite the advent of culture-independent techniques to identify members 
of the microbiome, studies focusing on the lung microbiome of neonates 
are scarce. Understanding the role of the microbiome in the pathogenesis 
of pulmonary conditions affecting newborns could lead to the initiation of 
pioneering therapeutic interventions, which could potentially prevent lifelong 
disability. Bronchopulmonary dysplasia (BPD) has been associated with a less 
diverse microbiome, presence of Ureaplasma species and reduced Lactobacillus 
detection. Additionally, the potential role of microbial dysbiosis in the 
pathogenesis of asthma, cystic fibrosis and pneumonia has been described. 
There has also been a surge of interest in attempting to elucidate the 
interactions between the airway and gut microbiomes and their bearings on 
respiratory health and diseases to eventually broaden the scope of therapeutic 
interventions.

Key words: airway, bronchopulmonary dysplasia, lung, microbiome, newborn.

Deciphering the lung microbiome in health 
and disease is an emerging area of interest. 
Identification of bacteria through the 
revolutionary culture-independent methods 
by sequencing the variable regions of the 
16S ribosomal RNA gene, has defied the 
previous notion of airway sterility.1,2 The 
airway microbiome harbors niche-specific 
microbial communities and potentially acts as 
a gatekeeper, protecting the respiratory tract 
from colonization by harmful pathogens.3 The 
respiratory tract is in constant contact with the 
external environment and the microbial load 
it harbors is higher in the upper airways and 
significantly reduced in the lower airways.4 

Apart from ethical and practical difficulties 
surrounding clinical studies involving 
newborns, sampling difficulty, contamination 
and low bacterial biomass are added challenges 
to surmount.5 This review focuses on the 
newborn respiratory microbiome and its 
potential causality in pulmonary diseases in 
neonates.

Factors influencing the lung microbiome in 
newborns

Being a dynamic ecological system, the 
composition of the lung microbiome is 
determined by 3 key factors: immigration, 
elimination and reproduction rates of the 
various constituents of the microbiome.6 
These factors have an incessant impact on 
the lung microbiome. The main mechanism 
of immigration is through microaspiration 
whereas the elimination process involves 
cough reflex, mucociliary clearance and 
immune responses.6,7 Reproduction rates of 
the members of the microbiome depend on the 
characteristics of the lung’s interior milieu, 
namely partial pressure of oxygen, pH, blood 
supply, alveolar ventilation, temperature and 
inflammatory cells availability and response.6 
In healthy conditions, the microbiome is largely 
determined by immigration and elimination 
and in diseased condition, by regional growth 
conditions.6,8 Except for the above mentioned 
main determinants of the lung microbiome, 
several other factors have been reported to 
influence it.
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Delivery mode

Previously, a significant relationship between 
earliest microbiome of the newborn and 
delivery mode had been reported.9 Newborns 
delivered vaginally displayed bacterial species 
correlating with maternal vaginal flora, mainly 
Lactobacillus, Prevotella, or Sneathia species and 
those delivered via cesarean section presented 
with maternal skin bacterial communities, the 
majority being Staphylococcus, Corynebacterium, 
and Propionibacterium species.9 However, 
another study found no significant differences 
between the lung microbiome of extremely 
low birth weight (ELBW) infants born 
either vaginally or by cesarean section.10 
Interestingly, a potential explanation for this 
finding might be related to the existence of a 
placental microbiome, as described by Aagaard 
et al.11 The amniotic fluid has also been found 
to be contaminated with diverse microbes, 
although their roles have yet to be clarified.12 
The process of microbiome establishment 
might thus begin antenatally.

Feeding method

It is common knowledge that breastfeeding 
is the most favorable feeding method for 
newborns. Consistently, a higher percentage 
of 6-week old breastfed infants compared 
to formula-fed ones were found to harbor 
Corynebacterium and Dolosigranulum in the 
nasopharynx and the latter has been found 
to confer protection against wheezing and 
mild respiratory tract infections in less than 
6-months old infants.13 Transfer of protective 
maternal antibodies and valuable bacterial 
species, namely Bifidobacterium and Lactobacillus, 
are only possible through breastfeeding.3 The 
presumed optimal microbiome of newborns 
is achieved through the combination of 
vaginal delivery and consequent exclusive 
breastfeeding.5 

Exposure to chorioamnionitis

Chorioamnionitis is one of the risk factors 
for preterm labor and it can be diagnosed 
prenatally by maternal findings or postnatally 
by histological evaluation of the placenta.14 The 
causative organisms are thought to potentially 
originate from the maternal vaginal flora.15 
The respiratory microbiome of ELBW infants 

exposed to chorioamnionitis was observed 
to have decreased genus Lactobacillus, which 
has shown an association with subsequent 
BPD development.10 Moreover, the finding 
of a less diverse microbiome in the tracheal 
aspirates of preterm infants with a history of 
chorioamnionitis exposure might be a sign of 
increased pathogenic bacteria community.5,16 

Antibiotic use

Antibiotics have been reported to interfere 
with gut and respiratory microbiomes, leading 
to less diversity and reduction in potentially 
favorable commensal bacteria.3,5 By altering 
the presumed unstable intestinal microecology 
of newborns, antibiotic administration can 
modify the host immune responses to allergens, 
with subsequent asthma development as 
one of the negative outcomes.17,18 Antibiotic-
induced early intestinal dysbiosis has 
been associated with greater probability of 
early asthma development and may lead to 
persistent infection.19,20 Varon et al.21 assessed 
the presence of Streptococcus pneumoniae, 
Haemophilus influenzae, and Moraxella catarrhalis 
in the nasopharynx of infants with respiratory 
tract infections before and after antibiotic 
treatment. The study revealed a significant 
reduction in the proportion of the three 
species, with an increase in the proportion of 
penicillin-resistant Streptococcus pneumoniae due 
to a decrease in the proportion of penicillin-
sensitive Streptococcus pneumonia. Moreover, a 
longitudinal study by Salter et al.22 found that 
the impact of respiratory diseases and antibiotic 
use on the nasopharyngeal mibrobiota was 
a disordered microbial environment, which 
differed across individuals and diseases. 
However, prophylactic administration of 
antibiotics to mothers before preterm delivery 
does not influence the respiratory mibrobiome 
composition of premature newborns.10

Relationship between lung microbiome and 
intestinal microecology

The microbiome of the gastrointestinal tract is 
the most populated one with an estimated 1014 
bacteria whereas the lower airway microbiome 
harbors only approximately 10–100 bacteria 
per 1,000 human cells.17 Having the same 
embryonic origin, the gut and the respiratory 
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tract share structural resemblances, despite 
dissimilar environmental characteristics 
and functions.23 Extensive study of the gut 
microecology has been feasible due to the ease 
of fecal sample collection and the abundant 
microbial community members residing in the 
gut.23 However, the more challenging study 
of respiratory microbiome faces numerous 
obstacles such as the low microbial load of 
the lung, bronchoscopic contamination upon 
sample retrieval, continuous dissemination 
from oral or gastrointestinal sites and 
elimination mechanisms.23 The role of 
microaspiration in establishing the airway 
microbiome is illustrated by the presence 
of microbes, originally from the intestinal 
microecology, in the respiratory tract.17 The 
intestinal microecology is lead by the main four 
bacterial phyla, namely, Firmicutes, Bacteroidetes, 
Proteobacteria and Actinobacteria but the major 
phyla in both gut and lung microenvironments 
are Bacteroidetes and Firmicutes.17,23 The term 
gut-lung axis is used given the modulating 
effect on the gut microbiome on the lung. 
For example, Arrieta et al.19 observed a 
temporary intestinal microbial dysbiosis in 
the first 100 days of life in infants at greater 
risk of asthma, with recovery of lost microbial 
members in murine models leading to less 
airway inflammation. Additionally, intestinal 
microbial diversity investigations revealed 
increased asthma diagnoses in children with 
lower microbial diversity at 1 week and 1 
month of age, emphasizing the magnitude of 
factors influencing the microbiome early in 
life.24 The neonatal period is a decisive time 
for the development of the immune system 
that has a lifelong impact on an individual’s 
health.18 Notably, the presence of favorable 
microbes such as Bifidobacterium longum is 
associated with decreased prevalence of 
asthma.18 Short chain fatty acids (SCFA) 
produced by the gut microbes can also 
influence the fate of respiratory conditions.25 
As demonstrated by Trompette et al.26 in their 
study involving mice, a higher proportion 
of circulating SCFA can confer a protective 
effect against allergic disease development. 
Chen et al.27 were the first ones to report 
an inverse relationship between Helicobacter 
pylori and development of childhood asthma 
and this finding may be explained by the 
hygiene hypothesis.28 Interestingly, this 

protective effect of Helicobacter pylori may 
lead to generation of Helicobacter pylori-based 
therapeutic compounds to prevent asthma 
development or its progression.28 Furthermore, 
daily intake of Lactobacillus acidophilus and 
Bifidobacterium animalis in young children 
aged 3-5 years decreases the incidence of cold 
symptoms.29 Since intestinal inflammation is a 
characteristic feature of cystic fibrosis (CF), it 
exposes the involvement of the gastrointestinal 
tract in another chronic lung disease. In their 
study involving CF children, Bruzzese et al.30 
found a disordered intestinal microbiome in 
CF patients, aggravated by antibiotic use and 
partially restored to a healthy status with 
Lactobacillus GG utilization. Thus, manipulation 
of the gut microbiota can alleviate pulmonary 
symptoms or even prevent the occurrence 
pulmonary diseases. Deeper insight into the 
novel concept of gut-lung axis is key for the 
evolution of modern and gut-targeted therapy 
in the context of pulmonary diseases.

Lung microbiome and pulmonary diseases 
in neonates

Bronchopulmonary Dysplasia (BPD)

Prevention of BPD remains a challenging task 
in the Neonatal Intensive Care Unit (NICU). 
Despite advances in non-invasive ventilation 
strategies and improved survival rates of 
extremely preterm infants, the BPD incidence 
has remained stable.31 The lung microbiome 
is now being thoroughly investigated, in 
search of potential causal factors involved in 
the pathogenesis of BPD. The existence of 
Ureaplasma species in the airway of premature 
infants has been linked to inflammation in the 
lungs, leading to extended use of supplemental 
oxygen and thus an augmented BPD risk.32,33 
This possible relationship has prompted 
the use of macrolides to target Ureaplasma 
infection in preterm lungs. Clarithromycin 
has demonstrated positive outcomes, with 
a reduction in BPD rates in preterm infants 
colonized with Ureaplasma urealyticum.34 
Additionally, azithromycin is a promising 
therapy but requires further evaluation.35 One 
study found the presence of Corynebacterium 
species to be more likely in infants with 
longer duration of mechanical ventilation and 
severe BPD.36 Inflammatory insult might also 
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explain this finding; however, additional and 
larger studies are warranted to recognize the 
effect of Corynebacterium species on the airway 
of extremely preterm infants. Wagner et al.33 
found that development of severe BPD in 
mechanically-ventilated premature neonates 
correlated with increased microbial community 
turnover with time and greater relative 
abundance of Ureaplasma at birth compared 
to Staphylococcus. Yet, the association between 
rate of microbial turnover and BPD severity is 
still uncertain since the impact of factors such 
as antibiotic use on the lung microbiome is 
still imprecise. Potentially owing to hospital 
environmental differences, the most prevalent 
organisms in the study by Wagner et al.33 were 
Staphylococcus and Ureaplasma, unlike the report 
by Lohmann et al.16, in which Acinetobacter 
was dominant. According to the Shannon 
diversity index, Lohmann et al.16 reported a 
probable connection between an early, initial, 
less diverse microbiome and subsequent 
BPD. Nevertheless, lower birth weight and 
gestational age still significantly influenced 
BPD incidence. A recent systematic review of 6 
studies regarding airway microbiome and BPD 
occurrence demonstrated: (1) the existence of 
a respiratory tract microbiome soon after birth, 
with dominating species being Staphylococcus 
and Ureaplasma, (2) the relationship between 
BPD and great airway microbial community, 
(3) the relationship between BPD and varying 
quantity of Proteobacteria and Firmicutes 
and lastly, (4) the link between BPD and 
lower detection of Lactobacillus.31 The role of 
microbial disruptions in BPD progression is 
still vague and further research is required to 
elucidate this relationship.

Asthma

Asthma is a chronic condition, characterized 
by airway inflammation, which affects 10% 
of the pediatric population.37 Microbial-
host interactions and modulation of the 
immune system are closely linked and arising 
disturbances in any of these factors can cause 
individuals to be more prone to developing 
atopic allergic diseases.38 Microbiome 
dysbiosis in the childhood period has been 
implicated in the pathogenesis of asthma.39 
Perez et al.40 noted a predominance of 
Proteobacteria compared to Firmicutes from the 
nasopharyngeal microbiome of preterm infants. 

Bisgaard et al.41 found that in the neonatal 
period, hypopharyngeal colonization could be 
utilized as a potential indicator of early asthma 
development. Hypopharyngeal colonization 
with Streptococcus pneumoniae, Haemophilus 
influenzae, Moraxella catarrhalis, or a combination 
of these bacteria, significantly increases the 
risk of wheezing events, and also leads to a 
rise in eosinophil and total IgE levels.41 Teo et 
al.42 studied the nasopharyngeal microbiome 
of infants and reported the association of 
Streptococcus pneumoniae, Haemophilus influenzae 
and Moraxella catarrhalis with acute respiratory 
illness and found Streptococcus pneumoniae 
colonization to be related to consequential 
chronic wheeze in children who were atopic 
by the second year of life. In addition, another 
study in young children found a significant 
relationship between wheezy episodes and 
Haemophilus influenzae and Moraxella catarrhalis, 
but on the other hand, Streptococcus pneumoniae 
was not found to have a significant association 
with recurrent wheeze.43 The PARSIFAL and 
GABRIELA studies revealed the protective 
effect of childhood exposure to multiple 
and diverse microbial communities against 
asthma.44 Exposure to a wide array of 
microorganisms in the farming environment 
can lead to activation of Toll-like receptors, 
with subsequent set-off of their respective 
signaling pathways and a resulting increase in 
activation of type 1 helper T cells.44 This can 
lead to reduced action of the type 2 helper T 
cell, which is distinctively found in asthma.44 

Using bacteria-free and specific pathogen-free 
mice, Herbst et al.45 also exposed the worth 
of the microbiome as a shield against asthma.

Cystic Fibrosis (CF)

CF is a multi-organ, autosomal recessive 
condition which occurs due to a defect in the 
cystic fibrosis transmembrane conductance 
regulator gene, with involvement of both 
gram-negative and gram-positive bacteria.46,47 
A study using newborn pigs revealed inhibition 
of elimination mechanisms of the respiratory 
tract, consequently triggering the flow of 
reactions causing inflammation and subsequent 
changes in the cystic fibrosis lungs.46 In their 
study, Frayman et al.48 assessed the lower 
respiratory tract microbiome of young children 
with CF using bronchoalveolar lavage samples. 
Although a diverse lower airway microflora 
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is observed in children with CF, microbial 
diversity decreases with increasing age; yet, 
this finding does not correlate with a decreased 
lung function by the age of 6 years.48 Gangell 
et al.49 demonstrated that the organisms with 
stronger inflammatory effects in the lungs of 
young children with CF were Staphylococcus 
aureus, Pseudomonas aeruginosa, and Aspergillus 
species. Another study examined the relation 
between lung microbiome, pulmonary 
function and airway inflammation in children 
with CF using molecular techniques to 
analyze saliva, oropharyngeal swabs, induced 
and expectorated sputum.50 Analysis of the 
collected samples revealed a higher relative 
abundance of Pseudomonas and Staphylococcus 
in the lower respiratory tract samples 
compared to the upper respiratory tract ones. 
Furthermore, Pseudomonas, Staphylococcus 
and Enterobacteriaceae were associated 
with increased airway inflammation and a 
relationship between the upper and lower 
respiratory tracts’ microbial divergence and 
an increased sputum neutrophil elastase 
was noted.50 An investigation regarding the 
changes in the nasopharyngeal microbiome of 
CF infants from the time of diagnosis until 6 
months of age was conducted by Prevaes et al.51 
For CF subjects, the findings were as such: (1) 
initial detection of mainly Staphylococcus aureus 
and relatively lower levels of Corynebacterium 
and Moraxella, (2) by 3 months of age, 
Streptococcus mitis was the main organism 
detected, and (3) antibiotic usage was followed 
by a reduction of presumably favorable 
bacteria related to airway microbial stability 
(Corynebacterium and Dolosigranulum) with 
increased pathogenic ones (Gram negative 
Burkholderia and Enterobacteriaceae species); 
however the control subjects displayed 
Moraxella species during the first 6 months 
of life.51 Further antibiotic-related studies are 
necessary to supplement these results, paving 
the way for targeted antibiotic treatment. For 
now, antibiotic prophylaxis therapy is the 
mainly applied.51 

Pneumonia

Studies have found that a disordered respiratory 
microbiome in the neonatal period may have an 
impact on maturation of the immune system.52 
Colonization of the respiratory tract of healthy 
newborns with Streptococcus pneumoniae, 

Haemophilus influenzae, or Moraxella catarrhalis is 
associated with an increased risk of developing 
pneumonia.52 Different microorganisms are 
associated with development of different types 
of pneumonia. According to Sakwinska et al.53, 
a high abundance of Moraxella lacunata complex 
was found in the nasopharyngeal samples of 
patients with viral pneumonia and it was also 
observed to be 7-fold more abundant in viral 
compared to non-viral pneumonia patients. 
Additional viral pathogens detected in the 
nasopharynx of viral pneumonia patients were 
respiratory syncytial virus, adenovirus, human 
metapneumovirus and rhinovirus.53 On the 
other hand, the three most common bacterial 
pathogens detected in the nasopharynx of 
patients with bacterial pneumonia included 
Streptococcus pneumoniae, Haemophilus influenzae 
and Moraxella catarrhalis; however, Haemophilus 
influenzae was especially abundant in the 
nasopharyngeal samples of patients with no 
definite etiology.53 Also, the nasopharyngeal 
microbiome was observed to be richer and 
more diverse in healthy children compared 
to pneumonia patients.53 In the search for 
the definite etiologies of ventilator-associated 
pneumonia (VAP), a frequent complication 
of mechanical ventilation in neonates, Lu et 
al.54 prospectively studied the diversity of 
microbiome in VAP. Newborns suffering from 
respiratory distress syndrome (RDS) and VAP 
constituted the experimental group whereas 
those suffering from RDS but not VAP formed 
the control group. Within the first day of 
intubation, no differences were observed in the 
constituent ratio of any genus between the two 
study groups. Within 1-3 days of intubation, 
the results demonstrated a higher ratio of 
Klebsiella, Acinetobacter and Streptococcus in the 
VAP group and a lower ratio of Serratia and 
Achromobacter compared to the control group. 
This less diverse lower airway microbiome was 
induced by VAP. Analysis of sputum samples 
from 3-5 days after intubation revealed lower 
proportions of Klebsiella, Acinetobacter, Serratia 
and Achromobacter but higher proportion of 
Streptococcus in the VAP group compared to the 
non-VAP group. Given the study outcomes, the 
authors concluded that the constituent ratios 
of Klebsiella, Acinetobacter and Streptococcus 
could be used as early predictors of VAP in the 
initial 3 days of intubation.54
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Therapeutic interventions targeting the 
lung microbiome

The theory that all bacteria are detrimental to 
human health has been rendered obsolete and 
the symbiotic relationship between humans 
and microbes is now well-appreciated. 
Constituents of the gut microflora have anti-
inflammatory, anti-oxidizing and pain-relieving 
properties. They also produce vitamins and 
help protect the gut from attachment of 
pathogenic bacteria which can lead to chronic 
disease.55 In an era of increasing antibiotic-
resistance, researches and clinical trials based 
on the therapeutic usage of the members of the 
gut microecology on pulmonary diseases are 
growing in number. With a biomass of up to 1.5 
kg due to the vast microbial load comprising 
the gut microbiome, it is occasionally termed 
as “forgotten organ”.55 Probiotics are defined 
as living microorganisms, which when 
consumed in sufficient amounts, benefits the 
host’s health.56 The proposed mechanisms of 
probiotics incorporate direct antimicrobial 
activity, strengthening the epithelial barrier and 
modulation of the immune system.57 The most 
frequent species used to enhance immunity 
are lactic acid bacteria, namely, specific 
strains of Lactobacillus and Bifidobacterium.58 
Their boosting effect on the innate immune 
system improves the phagocytic functions of 
peripheral blood polymorphonuclear cells and 
monocytes, and enhances the cytotoxic ability 
of NK cells.20 Additionally, evidence of the 
positive effect of probiotics on the acquired 
immune system is shown by rising levels of IgG, 
IgA, and IgM immunoglobulins after probiotic 
intake.20 In a study assessing prophylactic 
probiotic usage for the prevention of VAP 
in children in the high-risk PICU setting, 
encouraging results were noted as probiotic 
use led to a 77% decrease in VAP incidence.59 

Moreover, administration of Lactobacillus GG 
compared to placebo to children in day-care 
centers reduced the risk of developing upper 
respiratory tract infections.60 In the network 
meta-analysis evaluating probiotics for the 
prevention of respiratory infections in children 
and adolescents by Amaral et al.61, Lactobacillus 
casei rhamnosus uniquely demonstrated a 
superior effect in decreasing respiratory 
infection rates compared to placebo, while 

no beneficial outcome resulted from other 
probiotic strains. This study reinforces the 
general agreement that evidence is lacking for 
implementation of single or mixed probiotics 
usage therapeutically or prophylactically for 
respiratory infections. Despite the satisfactory 
results of probiotic use on respiratory tract 
infections in terms of fewer days of illness, 
further, large and more powered studies are 
warranted to establish the optimal strain, 
dosage and timing of therapy as well as 
potential long-term consequences.62 The 
impact of probiotics on asthmatics has been 
investigated in mice by Zhang et al.63 and they 
reported the protective effect of Lactobacillus 
rhamnosus GG against OVA-induced allergic 
airway inflammation. Chen et al.64 observed 
an advantageous effect of supplemental 
Lactobacillus gasseri A5 for a 3-month period 
in asthmatic children (6-12 years), with 
improvement in lung function and alleviation 
of asthmatic symptoms. Conversely, a recent 
meta-analysis found no benefits of probiotic 
supplementation during pregnancy or 
early life since no significant reductions in 
incidence of asthma or wheeze in infants were 
observed. Accordingly, the use of probiotics 
for the prevention of asthma in infants is not 
supported.65 In the context of CF, although 
the results of studies included in recently 
published systematic reviews endorse the use 
of probiotics to lower the rate of pulmonary 
exacerbations, the included studies were 
underpowered and had several limitations, 
such as insufficient sample size and short 
duration of probiotic supplementation, to 
determine the actual effect of probiotics.66-68 
Furthermore, as negative results are seldom 
published, it eventually leads to publication 
bias in literature analysis. In a recent double 
blind crossover placebo controlled study, 
Van Biervliet et al.69 could not validate the 
previously reported beneficial effects of 
probiotic supplementation since no significant 
associations were found for fecal calprotectin 
and pulmonary exacerbations; although a 
positive effect on gut permeability was noted. 
Additionally, Bruzzese et al.70 designed a 
multicentre RCT to evaluate the effect of 
Lactobacillus GG, supplemented for a period of 
12 months, on pulmonary exacerbations and 
hospitalization in children aged 2-16 years 
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of age with CF. The results demonstrated 
no benefit of Lactobacillus GG on respiratory 
outcomes. Another choice of therapy can be 
the use of prebiotics, which are indigestible 
substances used to fuel the growth and effect 
of specific microbes to eventually improve 
the host’s health.71 Conflicting outcomes 
also burdens the recommendation for the 
routine use of prebiotics as prophylaxis 
in at-risk children. A large study found 
the galacto-oligosaccharide/polydextrose 
(GOS/PDX)-formula to have a significant 
protective effect against respiratory infections 
in young infants.72 Yet, another large trial 
study reported no effect of a GOS-containing 
infant formula on the rate of infections or 
allergic diseases in infants, even though a 
clear prebiotic effect was demonstrated by 
changes in feacal characteristics.73 Moreover, a 
RCT by Niele et al.74, including 113 preterm 
infants, found no benefits of short-term 
prebiotic mixture supplementation of neutral 
and acidic oligosaccharide on the incidence of 
infectious and allergic conditions in infants 
during their first year of life. Interestingly, 
a recent study concluded that prebiotic-
supplemented formula compared to breast 
milk in infants was found to have comparable 
prophylaxis effects for respiratory infections, 
diarrhea and constipation.75 Thus, in the 
case of breast milk unavailability, prebiotic-
supplemented formula could be used as a 
replacement. Nevertheless, whether with the 
use of prebiotics or probiotics, consideration 
of host factors is essential as individuals differ 
from another in terms of genetic background, 
composition of intestinal mibrobiome, 
dietary habits and other aspects of living.76 
Since the maternal microbiome is intimately 
connected to the infant intestinal microbiome, 
a prospective substitute approach to reduce 
the risk of allergic diseases in infants could be 
the manipulation of maternal microbiome.71 
Under the circumstance that dysbiosis of 
the respiratory microbiome is found to be 
the underlying trigger of a certain disease, 
there will be a pressing need to evaluate the 
lung microbiome as a therapeutic target.77 

Research aimed at assessing the effect of lung 
microbiome manipulation in restoring the 
balance within the lung microenvironment 
will boom.

Summary and Expectations

In brief, the lung microbiome has now gained 
the spotlight of research but studies during 
the critical neonatal period are still lacking. 
Since BPD is the most debilitating disease 
affecting premature neonates, depicting the 
underlying mechanisms of how a disordered 
airway microbiome influences its pathogenesis 
could be a potentially groundbreaking 
revelation for improved prevention and 
therapeutic interventions. Early exposure to 
a diverse range of microbes in children has 
been found to reduce the risk of developing 
asthma. Additionally, specific pathogens have 
been detected in a chronological manner in 
CF patients. “Respiratory probiotics” might 
be a potential tool to positively influence 
the microbiome at birth.10 Moreover, future 
studies should aim to identify the viral 
and fungal communities and the inter-
microbial interactions for a more in-depth 
understanding of the respiratory microbiome 
and its function in the pathophysiology and 
evolution of pulmonary diseases. Grasping the 
machinery of the microbiome will be a step 
further towards the aim that is individualized 
medicine.
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