
The role of the microbiome in the pathogenesis of interstitial lung diseases

Background

The human microbiome has potentially far-reaching 
impacts upon health. While the lower respiratory tract 
had historically been considered sterile, the advent 
of more sophisticated high-throughput sequencing 
methodologies has revealed an intricate and dynamic 
bacterial population colonizing respiratory tissue. 
It is now believed that the lower respiratory tract 
harbors microorganisms which are regulated by 
myriad factors including mucociliary clearance and 
host defense mechanisms.1-4 The lung microbiome 
has been hypothesized to play a key role in injury 
and host response in idiopathic pulmonary fibrosis 
(IPF), driving progression, exacerbation and mortality. 
Patients commonly experience gastroesophageal 
reflux disease (GERD) which may facilitate an influx 
of organisms from the gastrointestinal tract, and 
altered mucociliary clearance with abnormal anatomy 
potentially driving alterations to the microbiome.5 
Recent evidence has linked microbiome symptoms 
with disease burden, but much work needs to be 

done to validate these findings and establish causal, 
mechanistic relationships.

Does the lung microbiome regulate ILDs?

Emerging evidence supports a role for the 
microbiome in some interstitial lung diseases (ILDs). 
In the landmark COMET study, Han et al. established 
an association between disease progression-
free survival time and the presence of a 16S gene 
signature tied to Streptococcus and Staphylococcus 
genera.6 This finding is backed up by data from 
mouse models showing that Streptococcus 
pneumoniae colonization exacerbates existing lung 
fibrosis.6,7 Increased bacterial burden and decreased 
diversity has been detected in bronchoalveolar lavage 
(BAL) fluid of patients diagnosed with IPF compared 
with chronic obstructive pulmonary disease (COPD) 
and healthy controls, and the species detected were  
more likely to be pathogenic Haemophilus, Neisseria  
and Streptococcus.8,9 Higher bacterial load was  
also associated with decreased progression-free
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Figure. 1: Correlation of circulating leukocyte phenotypes with microbial community. The correlation of 
microbial diversity indices and OTU abundance with (A) diverse circulating leukocyte phenotypes and (B) CD28 
determined by Person’s correlation algorithm are shown. To maintain positive or negative directional correlations,  
r coefficient instead of r2 is displayed on top in each box. Criterion for significance is set at coefficient greater 
than 0.3 (red box) or less than −0.3 (green box) and at FDR less than 0.1 after multiple testing correction shown 
in parenthesis below each coefficient r value. CCR = CC chemokine receptor; CXCR = C-X-C chemokine receptor; 
FDR = false discovery rate; OTU = operational taxonomic unit; sac = species accumulation curve.
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survival time. Interestingly, a MUC5B genotype 
previously associated with an increased risk of 
developing IPF was associated with lower bacterial 
burden, indicating that rather than a common disease 
mechanism, these associations likely constitute 
distinct predisposing factors that ultimately converge 
upon common pathology.8-11 Acute exacerbations 
also have a bacterial signature: elevated bacterial 
burden with high levels of Campylobacter (a known 
gastrointestinal pathogen) and Stenotrophomonas 
species have been found in patients experiencing  
acute exacerbations, providing a link between  
GERD and IPF exacerbation.12-14 In a separate 

analysis of the COMET study, Huang et al. showed 
that inhibition of 11 signaling pathways was 
associated with disease-free progression survival, 
8 pathways were involved in immune/inflammatory 
responses and pathogen infection, and three 
pathways were involved in the innate immune 
response.15 In yet another study, overexpression of 
genes associated with host defense and immune 
response in the lung microbiome of IPF patients was 
associated with progression and mortality.9 Together, 
these findings offer preliminary evidence of a link  
between the microbiome and IPF, via dysregulated 
host response.
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Beyond IPF, few studies have assessed the 
involvement of the lung microbiome in ILDs. Early 
research shows Staphylococcus aureus in nasal 
passages and BAL of patients with granulomatosis 
with polyangiitis (GPA), and BAL supernatant is 
a fertile culture medium for growth of S. aureus, 
compared with supernatant from IPF patients 
or healthy controls.16 Patients with rheumatoid 
arthritis and sarcoidosis show reduced bacterial 
diversity with increased levels of Paraprevotellaceae, 
Chryseobacterium, and Burkholdelia species 
compared with controls.17 However, other studies 
showed no difference between ILD, sarcoidosis,  
and controls.18,19

Towards therapies that target  
the microbiome.

While some animal models support the promise 
held by antibiotics in attenuating fibrosis,7 there is 
limited human work to corroborate the preclinical 
evidence. In one study, retrospective analysis of IPF 
patients receiving co-trimoxazole or macrolide had 
better prognosis.20 Thus, these findings should be 
interpreted cautiously and more work is required to 
establish any benefits of antibiotics on IPF patients. 
Ongoing clinical trials will be critical in this regard. 
Additional study is also required to determine the 
impact of GERD and GERD-directed therapeutic 
interventions on the lung microbiome.

Conclusion

Recent evidence identifies a role for the microbiome 
as both prognostic marker and therapeutic target in 
IPF; a shift towards pathogenic bacteria may underlie 
disease progression, acute exacerbations, and 
mortality.8,12,22 Consistent with this, antibiotics and/or 
immunization against the pathogenic organism may 
improve IPF outcomes.7,21 While most of the research 
has been in IPF, groups are beginning to map the role 
of the microbiome in other ILDs.
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Lung microbiome may predict IPF progression

Background

IPF is the most prevalent and most severe form of 
idiopathic interstitial pneumonia.1 Environmental risk 
factors and genetics signatures in IPF are relatively 
well established.1 Bacterial communities in lungs 
have only recently come to light, and a putative role 
for the pulmonary microbiome in the pathogenesis 
of IPF is emerging. While one placebo-controlled 
randomized trial has shown that treatment with 
antibiotics reduced mortality rate, this field is  
nascent and much remains to be determined.2

The process of exploring the microbiome has been 
complicated by the challenge of mapping bacterial 
communities; the overwhelming majority of species 
that colonize the human body cannot be cultured 
with available techniques.3 The development of novel 
genetic and bioinformatic approaches that allow for 
identification of bacterial communities without culture 
has allowed for the exploration and characterization 
of the lung microbiome in patients with IPF.4-6 
Culture-independent techniques have demonstrated 
relationships between the lung microbiome and other 
respiratory disorders, including asthma and COPD.7-9

What was done

In one study, Han et al. explored the relationship 
between microbial 16S gene signatures and IPF 
disease progression.10 Patients within 4 years of 
diagnosis (from the COMET study) were followed up 
for a maximum of 80 weeks. The primary outcome 
was progression-free survival (time to death, acute 
exacerbation, lung transplant, or an FVC decrease 
greater than 10% or diffusing capacity for carbon 
monoxide (DLCO) of 15% or greater). DNA obtained 
from BAL fluid (n = 55 samples) was sequenced  
and assigned to operational taxonomic units  
(OTUs) that mapped to bacteria. In a first for the 
IPF field, they found that disease progression was 
associated with OTUs representing Streptococcus 
and Staphylococcus. They further speculate that  
the TLR9 receptor may be the link between the 
microbiome and disease progression. It is also  
worth noting that not all patients had detectable 
levels of Streptococcus and Staphylococcus, and 
within the patient group this did not introduce any 
baseline differences.

The authors established a relationship between  
oral and lung microbiomes consistent with that  
shown in healthy individuals.11 The associations  
were independent of the TOLLIP G allele that has
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been associated with mortality rates in IPF patients. 
Much of the observed effect was driven by changes 
in lung function (FVC) that have been associated 
with survival but may not prove to be an effective 
surrogate for mortality. Nonetheless, based on 
these findings the lung microbiome appears to be a 
biomarker of disease severity in IPF.10

In a separate study, Takahashi et al. performed 16S 
sequencing on BAL fluid from 34 IPF patients and 
explored relationships between the microbiome and 
clinical measures.12 Patients with lower lung function, 
as measured by FVC, 6-minute walk distance, 
serum surfactant protein D, and LDH, showed lower 
bacterial diversity, lower bacterial abundance, and 
increased mortality rates. The most prevalent phyla 
were Firmicutes, Proteobacteria and Bacteroidetes; 
increases in Firmicutes and Bacteroidetes, and 
decreases in Proteobacteria, were associated with 
lower diversity. The study did not integrate any data 
from healthy controls, however bleomycin-induced 
lung fibrosis in a mouse model decreased bacterial 
diversity and composition of the lung microbiome. 
Critically, the decreased diversity appeared to be a 
prognostic indicator for poorer outcomes. Serum  
SP-D, which leaks easily into the bloodstream, 
correlated with microbial diversity and abundance  
of Firmicutes, Proteobacteria, and Veillonellaceae.

What is next

These two studies provide tantalizing evidence for 
altered microbiota in IPF. They explore relationships 
between specific bacteria and disease prognosis, 
progression, and clinical measures (including 
FVC, 6MWD, and serum SP-D). While promising, 
the findings are preliminary and the mechanism 
underlying the findings has not been identified.  
In clinical populations it is very difficult to  
disentangle common confounds including smoking 
history. Confounding factors should be considered  
in future work. The animal work shows that  
lung fibrosis may drive the alterations in bacterial 
communities. Nonetheless, the outcomes in  
humans remain preliminary and complicated by 
irreconcilable confounds.
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Sarcoidosis is not impacted  
by microbiota

Background

Sarcoidosis is characterized by the development of 
small granulomas.1 Diagnosis is complicated by the 
heterogeneity of clinical symptoms and while most 
organs can be affected, pulmonary presentation is 
most common. The etiology of the disease is largely 
‘idiopathic’, however there is some speculation 
that bacterial populations may shape relevant 
immunological processes. Disease heterogeneity 
might also indicate diverse etiology. It has long 
been hypothesized that the microbiome might 
play a role in sarcoidosis.1,2 The exact roles these 
microbial patterns could play in the pathogenesis 
are not clear; one view is that they could initiate the 
formation of persistent, granulomatous inflammation. 
As described above, there is some evidence that 
bacterial populations in lungs contribute to other 
ILDs, but it is not known whether the microbiome is 
also involved in sarcoidosis.

No evidence for a unique microbial 
signature in sarcoidosis

In this study, Becker et al. compared the pulmonary 
bacterial gene signature in patients with sarcoidosis  
(n = 31) against patients diagnosed with other ILDs  
(n = 19) and historical healthy controls.3 BAL fluid
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from the middle lobe or the lingula was analyzed by  
16S sequencing. No differences between groups were 
identified: neither bacterial composition, diversity,  
nor abundance of Atopobium, Fusobacterium,  
Mycobacterium or Propionibacterium genera were  
detected. About 20% of the OTUs were unable to  
be assigned to a genus; this number is comparable  
to other similar studies.4-6

What does this mean?

The findings do not preclude the possibility of a 
microbiological component in the pathogenesis 
of sarcoidosis. They are consistent with previous 
work showing little or no microbiome change in the 
pulmonary microbiome of patients with sarcoidosis, 
including some using culture-dependent approaches 
to identify sarcoidosis signatures, however this same 
work also detected remnant microbial molecules 
that appeared to be disease specific.5-7 Additionally, 
separate lines of evidence have implicated 
mycobacterial species and other classes including 
Haemophilus, Atopobium and Fusobacterium.7,8-11 
A recent study comparing the lung microbiota of 71 
patients with sarcoidosis, 15 patients with IPF, and  
10 healthy controls, found a significant difference in 
the redundancy analysis between the sarcoidosis and 
the healthy control group.7 The genera Atopobium 
and Fusobacterium were found more frequently in 

the sarcoidosis group and an association with the 
Scadding stage was also reported. When a 16S RNA 
gene sequencing approach was used to compare 
the microbiota in BAL from patients with rheumatoid 
arthritis, sarcoidosis and healthy controls, the 
microbiome of patient groups was found to be less 
diverse than that of healthy controls but similar to 
each other.4 Another study compared the microbiota 
of sarcoidosis patients with those from ILD and 
healthy controls and found no differences in  
the overall composition and diversity between  
these groups.6

For now, it is unclear whether the lack of a significant 
finding is due to methodological limitations or disease 
phenotype. All such research is limited by variability 
driven by sampling site, possible contamination 
during the sample process, and the inter-individual 
variability that might accompany heterogeneity of 
disease presentation and other confounds. The small 
sample size precludes subdivision of patients by 
clinical phenotype and severity and limits statistical 
power. Comparing sarcoidosis patients to patients 
with ILD allows for sarcoidosis-specific analyses 
however it is possible that changes might occur 
in both ILD and sarcoidosis that weren’t detected. 
Historical controls were included however this type of 
analysis is difficult and unlikely to be definitive.
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Proximal Brushing

Distal Brushing

Figure. 2:
% Relative abundance of OTU’s from two IPF lung explants taken from proximal and distal airway brushings  
after the lung was removed. IPF Lung 1 demonstrated 100% relative abundance of Streptococcus OTU 1350 in  
the proximal brushing. In the distal brushing, two Streptococcus OTU’s were identified, OTU 1350 at 23.89% 
and OTU 1345 at 0.81% relative abundance. Staphylococcus OTU 1348 was also identified in the distal brush 
at 1.86% relative abundance. In IPF Lung 2, neither Streptococcus nor Staphylococcus was indentified in the 
proximal brush, but the distal brush demonstrated 15.29% relative abundance for Streptococcus OTU 1345.

Han et al 2014
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Conclusion

Our understanding of the impact of the microbiome 
upon human health is rapidly evolving. Thus far,  
it is imprudent to make judgements as to whether  
or not bacterial species play a central role in  
disease processes in ILDs, however promising 
signals have been identified and ongoing work  
will ultimately provide the necessary foundation  
for the path forward.
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