
Microbiome in Idiopathic Pulmonary
Fibrosis 13
Sachchidanand Pathak, Anurag Mishra, Gaurav Gupta,
Abhay Raizaday, Santosh Kumar Singh, Pramod Kumar,
Sachin Kumar Singh, Neeraj Kumar Jha, Dinesh Kumar Chellappan,
and Kamal Dua

Abstract

It is believed that Idiopathic Pulmonary Fibrosis (IPF) is an age-related chronic,
progressive, and histopathologically associated fibrosing interstitial lung disorder
which primarily affects the elderly. Despite tremendous progress in our knowl-
edge of pathophysiology of diseases, we still do not know the possible causes of
IPF. According to current research evidences, it is proposed that IPF may develop
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genotype as a result of repeated alveolar damage causing an abnormal wound-
healing response. Genomic variations in epithelial integrity and host defence
genes put people at risk for IPF, whereas immunosuppression and overt respira-
tory infection are supposed to have a high death rate. The role of infection in
disease etiopathogenesis has long been suspected and its progression, or as a
cause of acute aggravation, although preliminary investigations using classic
culture procedures have formed inconsistent findings. Current approach of
culture-independent microbiological analysis procedures to IPF patients has
previously revealed various unacknowledged variations in lung microbiome
and also a high microbial burden in bronchoalveolar lavage (BAL) in patients
with IPF. However, connection does not always imply causation. Furthermore,
lung microbiome is still incompletely defined, and more studies need to be done
to explore species other than viruses and bacteria, such as fungus. The knowledge
of microbiome’s role in aetiology and IPF progression might leads to its modifi-
cation, allowing targeted therapeutic treatment.
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13.1 Introduction

Microbiome refers as pathogenic and symbiotic organisms and a commensal’s
ecological community which share human bodily space and also the intricate
dealings of these microbes with the host. Various studies are conducted on the
microbiome of gastrointestinal tract, with about 100 trillion microorganisms; yet,
the lower respiratory tract’s epithelial surface is considered to be one of least
inhabited areas of human body which has been supposed as sterile in past.
Identifying and isolating microorganisms were challenging due to the difficulty of
physically sampling lower airways and limitations of bacterial culture, leading to the
incorrect idea. To better understand the respiratory tract’s microbiome, researchers
switched from using culture-dependent methods to using methods independent of
culture. High-throughput DNA sequencing methods use sequence similarity in
extremely conserved genes like 16S ribosomal RNA gene to rapidly identify multi-
faceted bacterial communities (with species which cannot be grown) [1, 2]. Because
of this, scientists are now studying lung microbiome in healthy volunteers and also
patients with chronic respiratory diseases as cystic fibrosis, bronchiectasis, COPD
and ILD. As a result of this investigation, researchers have discovered diverse
communities of fungi, bacteria and viruses [3, 4].

IPF is a debilitating, severe, fibrosing and deadly fibrotic ILD that predominantly
affects elderly people and eventually causing respiratory failure with the cause of
chronic dyspnoea, an inevitable reduction in the functions of lung. It is a degenera-
tive interstitial lung disease associated with ageing, via median diagnostic age of
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66 years, and a serious condition via 2.5–.5 years of survival. The IPF factors are still
unknown and yet, the particular or main causing factor has not been acknowledged,
the disease is supposed to be induced by abnormality in wound-healing mechanisms
in genetically susceptible individuals in response to unidentified environmental
triggers (such as gastric micro-aspiration, viral infections, cigarette smoke, particu-
late dust, etc.) [5, 6].The resulting extracellular matrix deposition & development of
fibroblastic foci reasons irreparable damages in lung architecture, resulting in alveo-
lar structure loss, impeded gas exchange and eventually causing respiratory failure.
Infectious agents, such as bacteria and viruses, can cause damage in alveolar
epithelial cells and apoptosis, as well as alter the host’s response toward injury.
Furthermore, researches involving genetic vulnerability to IPF have identified an
amplified risk with genetic polymorphisms involved in characteristic host response
control. A single nucleotide polymorphism in promoter region of the mucin 5B gene
(MUC5B) (rs35705950), which codes for critical component of airway mucus, and
single nucleotide polymorphism in the toll-interacting protein (TOLLIP) gene
(rs5743890), which codes for adaptor protein that controls signaling through toll-
like receptors (TLRs), are two specific examples [7, 8].

While comparing 130 IPF patients’ peripheral blood transcriptomes with
controls, 4 genes involved in immune defence, including alpha-defensins, were
found to be upregulated. These findings propose that innate immunological vulnera-
bility can contribute a significant role in IPF aetiology, and supports hypothesis that
infection, in combination with host immune system, contributes toward an abnormal
fibrosis sequence of events. This review will be looking at what we currently know
about the function of the respiratory microbiome in IPF, as well as extents of debate
&further research objectives and priorities [9, 10].

13.2 Microbiome Development and Composition
in Healthy Lungs

Initially thought to be sterile, epithelial surfaces of respiratory tract have been
revealed to support dynamic microbial populations utilizing various culture-
independent methods. Bacterial DNA was identified in 95.7% specimens of
bronchoalveolar lavage (BAL) using high-throughput sequencing of bacterial
16s-rRNA, compared with 39.1% of BAL samples using conventional standard
culture methods. Healthy lungs have bacterial communities that are quite similar
to those observed in the mouth, but with a bacterial load that is two to four times
lower. Previous studies have reported that there are approximately 10–100 bacterial
cells per 1000 human cells in lung tissues. Interestingly despite changes in tempera-
ture, pH, & oxygen concentration, level of microbiome in healthy volunteers is quite
consistent [11, 12]. Firmicutes (including genera Veillonella sp. and Streptococcus
sp.), Bacteroidetes (including the species Prevotella sp.) to a slighter extent,
Actinobacteria and Proteobacteria are the most commonly found phyla in normal
airways.
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The microbiota composition of the lungs is largely determined by three factors:
microbial immigration, which is brought on by oro-nasal cavity mucosal dispersion,
micro-aspiration of gastric contents and air inhalation; microbial elimination, which
is caused by cough, mucociliary clearance and immunity; and the microbiological
growth environment including oxygen tension, temperature, pH and nutrition avail-
ability [13–15].

The microbiota present in lungs reflects a stable condition among microbial
inflow, outflow and reproduction level, and as a result of these three variables,
with the latter being primarily impacted in the event of pathological processes of
chronic diseases. The microbiome of lung is changed across every lung disease
examined and compared to healthy volunteers. Many studies have found pollutants
samples of upper respiratory tract during sampling due to the sensitivity of molecular
technologies used, resulting in an inaccurate representation of the true microbiome.
The risk of oropharyngeal contamination should be considered, as the majority of
published research works have utilized BAL samples to describe the lung
microbiome of healthy volunteers. Furthermore, heterogeneity of the microbial
composition of lung at spatially distinct lung locations within subjects has been
demonstrated in healthy participants, but this variation is smaller than inter-subject
community variance [16–18]. Contamination has recently been shown to have a
negligible impact on microbial plethora in bronchoscopy-acquired samples,
supporting utility of bronchoscopy to study microbiome of lungs. Contamination
can occur at any point during a microbiome study, not only during
bronchoscopy [19].

While comparing data of microbiome from very identical subject specimen
utilizing distinct sequencing channel and techniques, significant variance was
observed. Other significant sources of contamination include agents and extraction
kits and in low biomass samples they become important factor as those obtained
from the respiratory system. Recall that BAL DNA sequencing provides “instanta-
neous” “snapshot” in time of bacterial diversity of lower airways, but does not assess
chronically changing microbial communities over time. Several research works have
focused on viruses and fungi in addition to the study of lung microbiota. A new study
has found that commensal fungi have an effect on both the host immune system and
bacteria in the gut. This has implications for the restoration of a healthy microbiome
following antibiotic therapy. Because of the wide variety of viruses that can be found
in the lungs, they are thought to be a catalyst for many different types of lung disease
[20–22].

13.3 Microbiome in Idiopathic Pulmonary Fibrosis

The lung microbiome: Previously considered to be sterile, the respiratory tract’s
epithelial surfaces have been demonstrated to support dynamic microbial
populations utilizing culture-independent methods. With biochemical sequence
analysis of the factor 16s-rRNA genomic regions, bacterial species can now be
recognized; in other microbiome scientific studies, groups of bacteria with similar
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genetic codes are categorized into operational taxonomic units (OTUs) and
evaluated by comparing to the 16s rRNA data base. Higher microbial 16s-rRNA
sequencing recognizes bacterial DNA in 95.7% of BAL specimens, compared to
comparison to standard culture systems, that can locate bacteria in 39.1% of BAL
samples. Using these genetic methods in characterizing microbial flora in respiratory
tract of both sick population and healthy controls have shown correlations that imply
the microbiome–host interaction that may be important in the aetiology and devel-
opment of lung disease. Moreover, when severe asthma patients were compared with
non-severe asthmatic patients and related controls, changes in the microbiome were
observed, showing that the disease phenotype may be influenced by the microbial
populations in the airway [23–25] (Fig. 13.1).

13.4 Microbiome Effect on IPF Prognosis and Exacerbation

Exacerbations are common in the IPF progression, as they are in a variety of chronic
diseases of lungs. Acute episodes and exacerbations are linked to an especially bleak
prognosis. Non-survivors exhibited shorter dyspnoea durations, higher C reactive
protein (CRP) values, inspiratory oxygen fraction (FiO2) ratios/lower arterial oxygen
tension (PaO2), lower proportions of lymphocytes and greater proportions of

Fig. 13.1 Microbiota interaction in idiopathic pulmonary fibrosis
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neutrophils in BALF than survivors. CRP was found to be only independently
associated predictor of survival among those variables, ultimately suggesting that
inflammation and/or bacterial or viral infection might be one of many pathogenic
mechanisms involved in causing acute episodes and aggravations [26, 27].

“An acute, clinically significant deterioration of unidentifiable cause in a patient
with underlying IPF” is currently a new definition of exacerbation and it necessitates
the official prohibition of infection for clinical diagnosis. The specific aetiology of
acute aggravations, however, is still unidentified, and it is uncertain whether it
reflects an augmented phase of increased lung damage response or an underlying
fibroproliferative process to an unknown previous or coexisting infection. Respira-
tory tract infections carry a mortality risk in persons with IPF, and is indistinguish-
able with acute aggravations is one of the factors suggesting an infection
involvement in aggravation. Recent investigations involving lung microbiome dur-
ing aggravations of IPF and its impact on progression of disease have also cast doubt
on the definition. According to these research works, an enhanced bacterial load at
time of diagnosis appears to be a biomarker for a disease that progresses more
quickly and has a higher mortality risk [28, 29].

Another research including 20 patients with IPF diagnosed acute aggravations
and 15 matched control subjects with constant IPF condition who undergone
bronchoscopy & extraction of DNA process found that patients with IPF had a
four-fold greater bacterial load during aggravations. In comparison to patients with
stable IPF, their BALF included a greater number of neutrophils. This suggests the
idea that bacteria have a significant role in exacerbations even if active infection is
present. They are supposed to use 16S rRNA gene qPCR and pyrosequencing to
investigate changes in BAL microbiota in both stable and acute exacerbation groups.
There was noticeable alteration in microbiota in cases of acute exacerbation, along
with a substantial increase in Stenotrophomonas sp. & Campylobacter sp., and a
substantial decrease in Campylobacter sp. & Veillonella sp., despite being known
best as gastrointestinal pathogen, was initially demonstrated in respiratory
microbiota [30–32]. Its occurrence in respiratory microbiota is most probable due
to stomach’s gastric contents silent micro-aspiration. To conclude these findings, this
pilot study shows that IPF acute exacerbation may be due to be a significant role of
various bacteria. Micro-aspiration may play a role in the apparent transfer of bacteria
that are normally restricted to the gastrointestinal system. Although a prospective
longitudinal research work is needed to validate the findings, they give a justification
for clinical trials including prophylactic antibiotics as a method to avoid acute
aggravations in IPF patients [33, 34].
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13.5 A Gut–Lung Axis and Regulation of Host Defence
in Chronic Lung Disease Aggravations: Evidence
and Implications

The exact mechanism by which bacteria influence the initial immunity which present
during the birth in healthy and sick is still being researched, and a few is revealed like
microbiota modulates and regulates immunity of lung or the formation of lymphoid
tissue associated with bronchial related. The importance of the gut commensal
microbiota as a modulator of the innate immune system is being more recognized.
The intestinal microbiota in healthy individuals is dominated by three phyla:
Ruminococcus, Prevotella and Bacteroides. Evidences reveal that the formation of
the intestinal microbiome is vital for control of an adequate immune response in
lungs during a critical early period of life. Alteration in the composition of the
microbiota of intestine impacts the progression and vulnerability of chronic lung
diseases including asthma and cystic fibrosis. Moreover, the host is more vulnerable
to lung infections, such as Klebsiella pneumoniae, Listeria monocytogenes and
viruses, in the absence of normal intestinal biota. This offers the intriguing hypothe-
sis that chronic lung disease exacerbations are caused by decreased adaptive and
innate immune system as a result of changes in the intestinal microbiota of host [35–
37]. As previously stated, individuals with progressive IPF have an enormous
burden of Staphylococcus and Streptococcus species in their lungs, and earlier
researches have shown that neutrophils from microbiota depleted mice had a
decreased capacity to kill S. aureus and S. pneumoniae. Recently, it has been
found that microbial stimulation of gut nod-like receptor sites causes an increase
in the producing of free radicals in phagocytic cells—a lung’s sentinel innate
immune cell. This suggests that circumstances related to loss of intestinal bacterial
homeostasis (such as antibiotic use) may lead to weakened lung immunity. In
COPD, viral infections can exacerbate symptoms, and the pathophysiology that
follows could be linked to dysbiosis, which alters the microbiota of the airways
and causes excessive inflammation [38, 39]. Despite the fact that damage of gastro-
intestinal commensal signaling might be responsible for impairing innate immunity
of lung in this condition, cigarette smoke also makes a significant contribution to
impeded lung innate immunity either directly or indirectly by altering innate immune
cell phagocytosis, mucus, ciliary function and directly enhancing intestinal
microbiota (e.g., enhanced formation of biofilm). These alterations may have an
influence on respiratory infections’ propensity to aggravate COPD. Providing
viruses’ proclivity for causing exacerbations in lung disease, it is worth considering
the influence of respiratory viral infection on gut microbiota. According toWang and
associates, influenza infection can cause abnormalities in the gut microbiota, includ-
ing an increase in Enterobacteriaceae and decrease in Lactococcus & Lactobacillus.
As stated earlier, this might result in a reduction of beneficial bacteria, which could
contribute to smoking-related illness. According to the scientists, these changes in
gut microbiome were not caused by lytic influenza intestinal infection [40, 41]. Th17
cells were involved in the damage, and neutralization of IL-17 reduced the severity
of the injury. In addition, reduction of the intestinal flora caused by antibiotics
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resulted in less intestinal damage. The relevance of effector T cell developed in the
lung after infection and subsequently moved to small intestine, produced IFN-g and
modified the gut microbiota, was also highlighted in the research work by scientists.
Finally, Th17 response was aided via triggered epithelial-derived IL-15 due to
changes in the gut microbiota. It is conceivable that the responses of IL-17 in
intestine contribute to the progression of lung diseases. Certain microorganisms
are eradicated by IL-17, which has been linked to the pathophysiology of sarcoido-
sis, asthma, cystic fibrosis, necrotizing bronchial asthma and bone marrow
transplant-related pneumonitis [42, 43] (Fig. 13.2).

IL-17 might potentially have an impact in the dynamic changes that occur in
pulmonary microbiome in COPD patients. In emphysema animal model, Yadava &
their colleagues studied the effects of experimental changes on the lung microbiome.
LPS/elastase was given to pathogen-free & axenic mice for 4 weeks. Through an
excess of Lactobacillus, Pseudomonas and a reduction of Prevotella, microbiota
diversity & abundance were reduced in LPS/elastase model. The loss of bacterial
load was linked to a reduction in IL-17 production. Axenic mice were given
microbiota-enriched fluid intranasally, which increased IL-17 production. In mice
with microbiota, inhibition of IL-17 resulted in decreased inflammation and disease
load. IL-17 has been linked to hepatic fibrosis in several investigations, and several
experimental models of pulmonary fibrosis are IL-17A–dependent [44, 45]. In addi-
tion, research works looking into the onset of intestinal fibrosis have found a link
between changes in the microbiome and Th17 responses. Through the adhesion of
segmented filamentous bacteria on intestinal epithelial cells, gut is a recognized
source of Th17 cells. In lungs, the situation may be identical. In animal models,
Gauguet and his colleagues revealed that intestine segmented filamentous bacteria
can enhance pulmonary innate immunity by inducing IL-17, resulting in resistance
to S. aureus pneumonia. This adds to the growing body of data that suggests the gut–
lung microbiome axis is important in regulating the lung’s innate immune response
[46, 47].

13.6 Limitation

Han and colleagues were limited to naming the progression-related bacteria Staphy-
lococcus OTU 1348 & Streptococcus OTU 1345, as 16S rRNA sequencing can
never be utilized for genetic markers. More research is required to fully characterize
these bacteria, either in form of microbe-specific sequencing or sequencing specific
to a particular culture. Despite the fact that the cohort contained multiple Strepto-
coccus and Staphylococcus species, only two OTUs were linked to progression of
diseases. In any disease related to lung, there are certain general limits to microbiome
research. Particularly in the context of the molecular technologies used, infection of
samples from upper respiratory tract during taking specimen is an apparent problem
in many research, yielding a misleading depiction of the real microbiome
[48, 49]. Kits including reagents and extraction agents can potentially be a source
of contamination, which is especially critical when working with small biomass
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samples like those from respiratory system. Contamination can occur at any point
during a microbiome study, not particularly during the bronchoscopy stage. While
corelating the data of microbiome from same patient samples using various sequenc-
ing techniques and platforms, significant variance was observed. There are a number
of biases in primer design that can favour or penalize certain bacteria, resulting in the
exclusion of entire genera [50, 51].

While studies on the IPF microbiome have used high-throughput molecular
technologies to identify bacterial species and loads, they have not yet demonstrated
a causal, mechanistic link to the disease process and advancement. In the investiga-
tional studies of IPF, it is not clear if changes to the lungs’ microbiome reflect the
disease’s aetiology or are due to a lack of underpinning immune defences in this
patient population. The information gleaned from this research is probable to be less
significant and more irrelevant because it does not reveal how the various bacterial
colonies interact with one another [52–54].

This study provides a “snapshot” of the lower respiratory microbiome by DNA
sequencing from a BAL sample, but it does not look at longitudinal modifications.
Because it is unrealistic to perform bronchoscopies on a regular basis, other
approaches of tracking the lower airway microbiome over time should be explored.
BAL taken from one lobe of lung may not be representative of microbiota in the
other lobes, especially because histological hallmark of IPF and UIP shows spatial
variability through fibrosis alongside typical parenchyma. This is the case for IPF
and UIP. Ex-planted lung tissue sections via cystic fibrosis patient were sequenced
using 16s rDNA to uncover variances in microbial communities within lungs
[55, 56]. As per our consideration of IPF microbiome improves, sample & sequenc-
ing techniques improve and composition of patient’s microbiome might serve as a
biomarker to help with prognosis & therapy stratification. A key question for future
IPF research is whether or not prophylactic antibiotics should be used to target
specific microbiome “signatures” in patients in order to improve survival, based on
the results of a trial testing co-trimoxazole in patients with IPF [57, 58].

13.7 Conclusion

As per various studies and researches, alteration in microbiome load, composition
and diversity have been linked to aetiology of disease, acute exacerbation, progres-
sion and death in idiopathic pulmonary fibrosis. Lung microbiome dysbiosis will be
linked to IPF development and progression, according to the study’s findings. When
it comes to IPF, microbiome manipulation could soon be a treatment modality to
restore a “healthy” microbiome culture. However, a comprehensive method to
account for various factors driving development of disease, advancement, & epi-
sodic exacerbating is more probable. It is unclear if antibiotics, probiotics (extrinsic
microorganisms given for health purposes) or prebiotics (molecules that encourage
growth and development of specific bacteria) should be used to control the lung
microbiome. However, modification of microbiome should focus on pathogenic
microbes while leaving the rest of the microbial population intact but that would
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be considerably more difficult to achieve. All of these studies suggest that anti-
biotherapy may have a significant role in IPF patients, and they establish a justifica-
tion for long-term anti-biotherapy related clinical trials, that acts as a modulator of
immunity and anti-bioprophyl axis to avoid acute exacerbations. Future research on
lung microbiome dynamics could aid in the selection of suitable, targeted & more
customized anti-biotherapy over the course of disease, particularly in cases of IPF
aggravations. These studies require more advanced metagenomic techniques to
determine functional relevance of particular microbial species & populations in the
development of IPF.
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