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Abstract

Background

The lower airways microbiome and host immune response in chronic pulmonary diseases
are incompletely understood. We aimed to investigate possible microbiome characteristics
and key antimicrobial peptides and proteins in idiopathic pulmonary fibrosis (IPF) and
chronic obstructive pulmonary disease (COPD).

Methods

12 IPF patients, 12 COPD patients and 12 healthy controls were sampled with oral wash
(OW), protected bronchoalveolar lavage (PBAL) and right lung protected sterile brushings
(rPSB). The antimicrobial peptides and proteins (AMPs), secretory leucocyte protease
inhibitor (SLPI) and human beta defensins 1 and 2 (hBD-1 & hBD-2), were measured in
PBAL by enzyme linked immunosorbent assay (ELISA).

The V3V4 region of the bacterial 16S rDNA gene was sequenced. Bioinformatic analyses
were performed with QIIME 2.

Results

hBD-1 levels in PBAL for IPF were lower compared with COPD. The predominant phyla in
IPF were Firmicutes, Bacteroides and Actinobacteria; Proteobacteria were among top three
in COPD. Differential abundance analysis at genus level showed significant differences
between study groups for less abundant, mostly oropharyngeal, microbes. Alpha diversity
was lower in IPF in PBAL compared to COPD (p = 0.03) and controls (p = 0.01), as well as
in rPSB compared to COPD (p = 0.02) and controls (p = 0.04). Phylogenetic beta diversity
showed significantly more similarity for IPF compared with COPD and controls. There were
no significant correlations between alpha diversity and AMPs.
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Conclusions

IPF differed in microbial diversity from COPD and controls, accompanied by differences in
antimicrobial peptides. Beta diversity similarity between OW and PBAL in IPF may indicate
that microaspiration contributes to changes in its microbiome.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive and chronic interstitial lung disease; char-
acterized by a rapid decline in lung function, short life expectancy and limited treatment
options. The prevalence appears to be increasing and a better understanding of the pathogene-
sis is needed for the development of novel or improved therapy [1].

Whereas IPF is relatively rare, chronic obstructive pulmonary disease (COPD) is common
[2]. Both diseases share smoking as a risk factor, increasing prevalence at higher age and
chronic systemic inflammation. Respiratory infections may play a role in the pathogenesis of
both diseases, although the extent and nature of their involvement may differ markedly.

The respiratory tract below the vocal cords was considered sterile until recently [3]. High-
throughput 16S rDNA sequencing has revealed the presence of a diverse, low-biomass bacte-
rial microbiome in the lungs [4]. A distorted microbiome in the lower airways might be
involved in the pathogenesis of IPF and COPD, but the microbiome in both diseases are yet
incompletely characterized [5-9].

Antimicrobial peptides and proteins (AMPs) are main effector molecules in innate immu-
nity against respiratory pathogens [10]. There are few studies on AMP levels in respiratory
secretions in chronic lung diseases [11-13]. Arguably, one sign of a distorted microbiome
would be a corresponding impact on local immunity, which is not fully investigated [7], and
no studies exist on AMPs and the lower airways microbiome.

The current gold standard for lower airways sampling of the microbiome is protected sam-
pling with a sterile wax tip catheter inserted during bronchoscopy [14]. Both protected
bronchoalveolar lavage (PBAL) and protected sterile brushings (PSB) can be collected this
way.

In this study we examined the oral and lower airways microbiome and the secretory leuco-
cyte protease inhibitor (SLPI) and human beta defensins 1 and 2 (hBD-1 & hBD-2) in 12 IPF
patients, 12 COPD patients and 12 healthy controls. The aim was to investigate whether the
microbiome differed between the study groups and if levels of the immune effector molecules
varied, thus indicating a potential impact of the microbiome.

Methods
Study design

The study design is an observational case-control study of the stable lower airways microbiome
in two disease groups compared with healthy controls. Subjects were enrolled from The Ber-
gen COPD Microbiome study ("MicroCOPD") and The Microbiome in Interstitial Lung Dis-
ease study ("MicroILD") at the Department of Thoracic Medicine, Haukeland University
Hospital, Norway.

The MicroCOPD Study included 130 COPD patients, 103 healthy controls and 16 asthma
patients examined between April 2012 and June 2015. The study design and data collection are
published [15]. Patients from the MicroILD study were recruited between December 2014 and
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December 2016 prior to medical examination including bronchoscopy with PBAL for sus-
pected interstitial lung disease (ILD). Seventy patients were included in the MicroILD study,
where the IPF diagnosis was set for 12 patients in multi-disciplinary meetings. From the
MicroCOPD study, 12 COPD patients and 12 healthy controls were randomly selected by use
of the runiform () function in Stata. One COPD patient used low dose prednisolone upon
inclusion, and no participants used antibiotics at least two weeks prior to inclusion.

From all patients we collected blood samples, lung function measurements and performed
a standardized interview for medical history, medications and comorbidities.

The MicroCOPD and MicrolLD studies were approved by the Norwegian regional ethical
committee (REK) with case numbers 2011/1307 & 2014/1393 respectively. All participants
were given oral and written information regarding study participation, and all participants
provided written informed consent prior to inclusion per the guidelines of the regional ethical
committee. The study was partially funded by a grant from the regional health authorities
(“Helse-Vest”). The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Bronchoscopy

All bronchoscopies were performed in one centre with consistent methodology. The partici-
pants were in supine position with oral access and given topical anaesthesia. Light sedation
with intravenous alfentanil was offered to all. Suctioning was avoided until passing the carina
to minimize contamination. We sampled oral wash (OW), 3 x protected sterile brushes from
the right lower lobe (rPSB) and 2 x 50ml PBAL (For IPF 3 x 50ml) through a sterile protective
sheath from the right middle lobe. For fluid samples, we used a sterile phosphate-buffered
saline (PBS) fluid opened within 24 hours before the procedure. A negative control sample was
always collected directly from the PBS fluid bottle without being contaminated by the patient
or the bronchoscope.

BAL measurements

Two cytospin slides were made from BAL fluid from each participant, colored with May-
Grunwald/Giemsa staining. 300+ cells were counted from each slide to provide the BAL differ-
ential cell counts.

SLPI [16] and hBD-1 (PeproTech, London; UK) & hBD-2 (Antigenix America, Melville,
NY, US) were measured in PBAL by enzyme linked immunosorbent assay (ELISA), performed
at the Leiden University Medical Center, the Netherlands.

DNA extraction and 16S sequencing

The detailed protocol for processing is published [17]. Briefly, bacterial DNA was extracted by
enzymatic and mechanical lysis methods, using MP Biomedicals’ FastPrep -24 instrument and
the FastDNA Spin Kit from MP Biomedicals (LLC, Solon, OH, USA). The V3-V4 region of the
16S rDNA gene was PCR amplified and prepared for paired-end sequencing. After initial
PCR, an index PCR was performed, enabling 96 samples in each run. DNA in the samples was
quantified and normalized before they were loaded and sequenced according to the protocol
for 16S Metagenomic Sequencing Library Preparation for the Illumina MiSeq System (Part #
15044223 Rev. B). All runs included negative control samples of PBS fluid, a generous donor
sample similar across all runs, and for a sub-sample a mock-community, thus enabling both
assessment of laboratory reagent contamination and calculation of adjusted rates [18].
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Bioinformatics

QIIME 2 [19] was chosen as bioinformatic pipeline. The amplicon sequences were quality fil-
tered using the Divisive Amplicon Denoising Algorithm 2 (DADA2) [20] and PCR-made
sequences (chimeras) were removed through DADA2 and VSEARCH [21]. Sequences were
clustered into amplicon sequence variants (ASVs) and processed with removal of contami-
nants with the Decontam package in R, which allows for removing contaminants based on
presence in the negative control samples relative to biological samples (prevalence method)
[22]. A description of contaminants found in the negative controls is provided in the S1
Appendix. Taxonomy was assigned to the ASV's with a trained classifier using the Human Oral
Microbiome Database (HOMD) [23] and aligned with mafft [24].

Samples were rarefied to 1000 reads and a phylogenetic tree was constructed using FastTree
for diversity analyses. Principle coordinate analyses (PCoA) of weighted UniFrac distances
were run in QIIME 2 and exported to R to be plotted using ggpubr.

Statistical analyses

Stata version 14.2 was used for statistical analyses. Categorical variables were analysed as pro-
portions and continuous variables as means or medians depending on distribution. The differ-
ential abundance and its compositionality were tested with Analysis of Composition of
Microbes with Bias Correction (ANCOM-BC) [25] in R and ANOV A-like differential expres-
sion analysis 2 (ALDEx2) in QIIME 2. Differences in alpha diversity, expressed as Faith’s phy-
logenetic and Shannon’s non-phylogenetic diversity indexes, were tested with Kruskal-Wallis
tests in Stata. Differences in beta diversity, exemplified with phylogenetic weighted and
unweighted UniFrac and non-phylogenetic Bray-Curtis, were tested with pairwise PERMA-
NOVA in QIIME 2. Pairwise correlations between the antimicrobial peptides and 1) the rela-
tive abundance of the two most common phyla and three most common genera, 2) alpha
diversity, and 3) lung function were tested with Spearman’s p. For all analyses, differences or
correlations with a p-value < 0.05 were considered significant.

Results

The demographics of the participants are outlined in Table 1. Lung function varied between
the study groups as expected, and the IPF patients were predominantly male with higher age
compared to COPD patients and controls.

PBAL measurements are shown for each study group in Table 2. IPF patients had signifi-
cantly higher percentage of neutrophils and lower percentage of eosinophils in PBAL than
COPD patients and controls, as expected. In IPF patients, hBD-1 was significantly lower in
PBAL compared with COPD patients (p<0.01) and trending lower than for controls. Human
beta defensin-2 was higher in IPF patients than in controls (p = 0.01) and trending lower than
for COPD patients (p = 0.06). SLPI in PBAL did not differ significantly, but there was a trend
towards lower levels in IPF patients compared to COPD patients and controls.

The correlations between levels of AMPs in BAL and lung function, smoking, and use of
inhaled steroids (COPD only), is presented in the S1 Table. Among 48 associations tested, only
3 was found statistically significant.

Taxonomy

The taxonomic distribution by study groups for the different sample types is illustrated with
rank abundance plots at phylum and genus levels in Fig 1A and 1B respectively. Each bar rep-
resents one taxon and is visualised in the order of decreasing relative abundance in OW for

PLOS ONE | https://doi.org/10.1371/journal.pone.0262082 January 6, 2022 4/16


https://doi.org/10.1371/journal.pone.0262082

PLOS ONE

The lower airways microbiome and antimicrobial peptide levels in a IPF and COPD cohort

Table 1. Characteristics of the study population.

IPF COPD Controls IPF vs COPD IPF vs Controls COPD vs Controls
n=12 n=12 n=12 P’ P’ p*
Sex, % 0.04 0.41 0.21
Women 33 75 50
Men 67 25 50
Age, mean years (SD) 73.2 (11.1) 65.7 (7.6) 66.4 (7.7) 0.07 0.10 0.82
Smoking, % 0.02 0.33 0.01
Never 33 0 17
Ex 58 50 83
Current 9 50 0
Pulmonary function, mean % of predicted (SD)
FVvC 74 (15.6) 96 (21.8) 109 (14.0) 0.01 <0.01 0.09
FEV, 77 (11.7) 57 (16.1) 100 (10.8) <0.01 <0.01 <0.01
DLCO 55 (14.9) 63 (25.5) 103 (12.3) 0.45 <0.01 <0.01

* p for sex and smoking tested by Pearson chi square test, and age and lung function tested by ANOVA.

https://doi.org/10.1371/journal.pone.0262082.t001

IPF patients. The predominant phyla found in IPF patients were Firmicutes, Actinobacteria
and Bacteroidetes; whereas Proteobacteria was the third most predominant in COPD patients
(Fig 1A). The relative abundance of the 12 most common genera displays the dominance of
Streptococci for all study groups, followed by Rothia, Veillonella and Prevotella for IPF patients

(Fig 1B).

Differential abundance analysis with ANCOM-BC at phylum level showed no statistically
significant differences between the study groups, but there were several significant results at
genus level, with infrequent microbes (Table 3).

No significant differences were found in the differential abundance of genera or phyla
between the study groups for any sample types when performing ALDEx2 analysis (Table 3).

Testing the 90 pairwise correlations between lung function, the measured levels of SLPI,
hBD-1 & hBD-2, and the relative abundances of the most common phyla and genera, stratified

Table 2. BAL cell counts and antimicrobial peptides in BAL in the three study groups.

IPF COPD Controls IPFvs COPD | IPF vs Controls | COPD vs Controls
n=12 n=12 n=12 P’ P’ P

BAL cell content %, mean (SDS)
Macrophages 72.4 (25.0) 86.2 (5.8) 78.9 (12.1) 0.08 0.44 0.07
Neutrophils 11.8 (10.2) 4.4 (2.7) 5.1(3.7) 0.02 0.047 0.57
Lymphocytes 15.6 (24.8) 8.7 (4.6) 15.3 (11.1) 0.35 0.97 0.07
Eosinophils 0.1 (0) 0.8 (1.1) 0.7 (0.7) <0.01 <0.01 0.93

Antimicrobial peptides in BAL, median (IQRS)
SLPI** ng/ml 136 (106-235) | 196 (148-299) | 184 (153-274) 0.20 0.10 0.89
hBD-1*** pg/ml 205 (136-254) | 606 (371-692) | 403 (170-503) <0.01 0.08 0.15
hBD-2*** pg/ml 116 (10-171) 10 (10-58) 10 (10-10) 0.06 0.01 0.47

* p for BAL cell counts tested by ANOVA and for antimicrobial peptides tested by Kruskal-Wallis test.

** Secretory leucocyte protease inhibitor (SLPI).

“**human beta defensins 1 and 2 (hBD-1 & hBD-2). Lower limit of detection for hBD-2 was 10 pg/ml.

¢ Interquartile range (IQR), Standard deviation (SD).

https://doi.org/10.1371/journal.pone.0262082.t002
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Fig 1. a. Bacterial taxonomy at the phylum level by study groups (IPF: Idiopathic pulmonary fibrosis, COPD: Chronic obstructive pulmonary
disease, controls) and sample types (OW: Oral wash, PBAL: Protected bronchoalveolar lavage, rPSB: Right protected sterile brushes). Each bar
represents one taxon and is visualised in the order of decreasing relative abundance in OW for IPF patients. b. Bacterial taxonomy at the
genus level by study groups (IPF: Idiopathic pulmonary fibrosis, COPD: Chronic obstructive pulmonary disease, controls) and sample types
(OW: Oral wash, PBAL: Protected bronchoalveolar lavage, rPSB: Right protected sterile brushes). Each bar represents one taxon and is
visualised in the order of decreasing relative abundance in OW for IPF patients.

https://doi.org/10.1371/journal.pone.0262082.9001

by study group, 5 were statistically significant for lung function, and 4 were statistically signifi-
cant for the AMPs (S2 Table). Three of each of the significant correlations were in the IPF
group, where notably hBD-1 was negatively correlated with the relative abundance of Firmi-
cutes (p = 0.03, correlation coefficient -0.64), an association driven by the abundance of Strep-
tococci (p = 0.007, correlation coefficient -0.80). This association was not seen for COPD
patients and controls (Fig 2).

Diversity

The distribution of alpha diversity is visualized in Fig 3 by study groups and sample types.
Faith’s phylogenetic diversity was significantly lower in IPF patients in both PBAL compared
to COPD patients (p = 0.03) and controls (p = 0.01), and in rPSB compared to COPD patients
(p = 0.02) and controls (p = 0.04). No differences between study groups were found for OW.
No differences were found with Shannon’s non-phylogenetic diversity. There were no signifi-
cant correlations between either metric of alpha diversity and SLPI, hBD-1, or hBD-2 using
Spearman’s p (S3 Table).

The principal coordinates analysis (PCoA) plots for weighted UniFrac (Fig 4) show oral
samples separate from bronchial samples to a lesser degree in IPF patients compared to COPD
and controls. This was confirmed statistically by PERMANOVA tests (54 Table).

Further exploration of the PCoA analyses with loading plots are presented in the S1
Appendix.

Table 3. Differentially abundant phyla or genera found by differential abundance testing.

Test Sample Type
ANCOM-BC ow

PBAL

rPSB

ALDEx2 ow

PBAL

rPSB

https://doi.org/10.1371/journal.pone.0262082.t003

Level Taxonomic results
Phyla No differential abundant phyla
Genera IPF vs COPD: Bacteroidetes[G-5], Peptostreptococcaceae[XI][G-1], Kingella

IPF vs Control: Mogibacterium, Mycoplasma
COPD vs Control: Peptostreptococcaceae[XI][G-1], Mycoplasma, Kingella
Phyla No differential abundant phyla
Genera IPF vs COPD: Alloscardovia, Bacteriodales [g-2], Peptoniphilus, Mogibacterium, Moraxella
IPF vs Control: Lactobacillus, Mogibacterium
COPD vs Control: Filifactor, Moraxella
Phyla No differential abundant phyla
Genera IPF vs COPD: Corynebacterium, Segetibacter, Lactobacillus, Lautropia
IPF vs Control: Corynebacterium, Segetibacter, Lactobacillus, Lautropia
COPD vs Control: none

Phyla No differential abundant phyla
Genera No differential abundant genera
Phyla No differential abundant phyla
Genera No differential abundant genera
Phyla No differential abundant phyla
Genera No differential abundant genera
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Fig 2. The relationship between levels of human beta defensin 1 (hBD-1) and the relative abundance of Firmicutes
in BAL fluid in IPF patients, COPD patients and controls.

https://doi.org/10.1371/journal.pone.0262082.9002

Discussion

This study has demonstrated that the lower airways microbiome and levels of lower airways
antimicrobial peptides in IPF patients differed from those in COPD patients and controls.
Compared to COPD patients and controls, IPF patients exhibited less phylogenetic alpha
diversity in their microbiome of the lower airways and a more similar phylogenetic beta diver-
sity between oral and lower airways. The differences in the lower airways microbiome between
IPF patients and the other study groups were mirrored by changes in levels of the antimicro-
bial peptides. In IPF patients, hBD-1 was lower compared to COPD patients and hBD-2 was
higher compared to controls. Although there was no statistically significant association
between alpha diversity and the AMPs, hBD-1 was negatively correlated with the relative
abundance of Firmicutes, in contrast with COPD patients and controls.

Only a few studies on chronic pulmonary diseases have performed analysis of AMPs in
BAL. These peptides are produced in the lung and other mucosal tissues, as well as by immune
and inflammatory cells, and play an important role in antimicrobial activity, immune modula-
tion and wound repair [10]. Inflammatory markers might have a stronger signal in BAL fluid
compared to blood. Hollander et al [13] found significantly higher values for SLPI and IL-8 in
BAL concentrations compared to plasma, suggesting predominant production in lung tissue.
In our study, IPF patients had lower levels of SLPI and hBD-1 in PBAL compared to COPD
patients and controls. We have previously shown that SLPI was lower in sputum during
COPD exacerbations compared to in stable COPD [11] and neutrophilic inflammation has
been associated with SLPI deficiency or inactivation [12]. Thus, lower levels of SLPI and hBD-
1 could be an effect of the increased neutrophilic inflammation seen in the IPF group, or
merely impaired wound repair, altered microbiome and higher disease burden. Of note, neu-
trophil counts in PBAL are inversely correlated with FVC and thus a potential marker of dis-
ease activity [26]. Also TGF-J activity in the lungs of IPF patients could have contributed to
these lower levels [27].

The airway mucosal surfaces contain a diversity of microbes whose composition differs
between patients with pulmonary diseases and healthy controls. A double-blind multicentre
study with 181 patients randomised to receive co-trimoxazole or placebo had no effect on lung
function, but resulted in improved quality of life and mortality reduction, possibly due to the
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Fig 3. Faith’s phylogenetic diversity and Shannon’s non-phylogenetic diversity by study groups (IPF: Idiopathic pulmonary fibrosis,
COPD: Chronic obstructive pulmonary disease, controls) and sample types (OW: Oral wash, PBAL: Protected bronchoalveolar lavage,
rPSB: Right protected sterile brushes) illustrated with boxplots. Faith’s phylogenetic diversity was significantly lower in IPF patients for
PBAL compared to COPD patients (p = 0.03) and controls (p = 0.01), and in rPSB compared to COPD patients (p = 0.02) and controls

(p = 0.04). No significant results for Shannon’s non-phylogenetic diversity.

https://doi.org/10.1371/journal.pone.0262082.9003

antimicrobial and immunomodulatory effects of antibiotics [28]. Han et al [29] evaluated the
lung microbiome in stable IPF and linked microbial composition and bacterial burden with
disease outcome. They found operational taxonomic units (OTUs) belonging to either the
Streptococcus or Staphylococcus genus to be associated with increased risk of disease progres-
sion. Although we do not know whether a distorted microbiome in IPF patients is a cause or a
consequence of IPF, it cannot be ruled out as a predictor for disease progression.

In the healthy lung, the most common bacteria described in the lower airways thus far are
similar to those in the upper airways, and are dominated by the phyla Firmicutes, Bacteroidetes
and Proteobacteria, and the genera Prevotella, Veillonella and Streptococcus [14,30].

In our study, the most abundant phyla (Firmicutes and Bacteroidetes) were shared by IPF
and COPD patients, while Actinobacteria and Proteobacteria were the third most abundant
phyla in the respective study groups. This is coherent with other studies [6,31-34]. The most
abundant genera in our study were Streptococcus, Rothia, Veillonella and Prevotella, which are
described earlier for IPF patients, but also in other chronic pulmonary diseases [29,35]. The dis-
tribution of the most abundant genera appeared somewhat dissimilar in the rank abundance
plots, but were not found to be significantly different in the differential abundance analyses.

We used various statistical tests to explore the compositionality of the data. ALDEx2 found
no phyla or genus with statistically significant abundance between study groups, but the newer
and perhaps more robust algorithm, ANCOM-BC, found several genera, which differed signif-
icantly between IPF patients and the other study groups. Neither of these were among the 20
most abundant genera overall, thus raising the question as to which degree this is clinically rel-
evant. Interestingly though, several of these genera likely originate from the oropharynx,
where some are linked to periodontal diseases (Mogibacterium, Filifactor, Lactobacillus) [36].
One possible interpretation is that IPF patients are more vulnerable to changes in airway
microbiota as a result of microaspiration of pathogenic oral microbes than healthy controls
and stable COPD patients. The finding of more similarity between oral and bronchial samples
for IPF patients than for COPD patients and controls is in line with this hypothesis.

Microbial diversity is another important factor to examine when assessing the microbiome.
In our study there were several statistically significant differences in diversity. Lower phyloge-
netic alpha diversity in IPF patients is in line with some previous studies. In a study of 65 IPF
patients and 44 control subjects, Molyneaux et al [35] demonstrated that the microbial com-
munities of subjects with IPF were less diverse compared to healthy controls. Takahashi et al
[34] found that alpha diversity was smaller in a IPF progression group than in the non-pro-
gression group, suggesting the diversity of the pulmonary microbiome could be used as a prog-
nostic indicator. O’Dwyer et al [37] showed that decreased alpha diversity of lung microbiota
in IPF patients was significantly associated with increased alveolar concentrations of cytokines,
indicating a possible immune-microbiome interaction. However much remains to be discov-
ered regarding the microbiome on alveolar surfaces.

The similar beta diversity in the oral and lower airways in IPF patients in our study could
indicate that microaspiration is a pathogenic factor. Several studies indicate that the lung
microbiome is influenced by silent microaspiration from the oropharynx [30,31,38]. Since gas-
troesophageal reflux disease (GERD) has an estimated prevalence of up to 90% in IPF patients
[39], this is highly relevant.
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Fig 4. Principal coordinates analysis (PCoA) of weighted UniFrac (beta diversity). PERMANOVA (999
permutations) for the underlying distance matrices showed significant more similar beta diversity among the sample
types for IPF (Idiopathic pulmonary fibrosis) patients illustrated by the blue dot OW (oral wash), green dot PBAL
(protected bronchoalveolar lavage) and red dot rPSB (right protected sterile brushes) compared to COPD (Chronic
obstructive pulmonary disease) and controls.

https://doi.org/10.1371/journal.pone.0262082.g004

Some studies have described that increased lung bacterial burden in IPF patients predict sub-
sequent disease progression [35,37,40]. GERD and microaspiration are possible sources of an
increased bacterial burden. The finding of lower alpha diversity, differences in taxa composition
linked to oral taxa, and a different local immune signature in IPF patients could perhaps all be
consequences of these mechanisms. Due to the resembling upper and lower airways microbiota,
microbial samples of the oral flora in IPF patients could possibly be important predictors of dis-
ease progression in itself, with the advantage of being vastly simpler to collect and measure.

Sampling low biomasses is challenging. The density of the bacterial DNA in the upper air-
ways is at least 100-fold higher than in the lower airways [38]. In order to minimize contami-
nation from the upper airways, we standardized protected sampling. However, there are some
methodological limitations to address. First, there was a slight difference in PBAL volume col-
lected between the study groups as described in the methodology chapter. Whether this affects
the dilution of the measured markers is possible, however BAL yield differs between subjects
invariably and we measured concentrations and relative abundances. Thus, this should not
affect the interpretation of lung microbiota data. Relative abundance data are compositional
and bacterial DNA burden varies more between specimens than dilution can affect [41]. An
increased fraction of neutrophils in PBAL in IPF patients was in line with previous studies
[42], indicating representative BAL cell compositionality. Second, collecting PBAL from one
lobe might not be fully representative for the disease examined, but intra-subject variations are
less than inter-subject variation when studying the bacterial communities [43]. Third, low bio-
mass samples are vulnerable to contamination from multiple sources during sampling and lab-
oratory processing [44]. A newly published paper describing the use and implications with the
validated Decontam method in the MicroCOPD study helped us identify contaminants [45].
Fourth, the sample size was limited and therefore we could not adjust for all variables within a
category. Several confounders could have influenced our results, including smoking, lung
function and medication use. Fifth, the exploratory nature of the study, and lack of standard-
ized effect size measures for differences in taxonomy, prevented us from performing a priori
sample size calculations. Finally, this is a cross-sectional study and consequently there is need
for longitudinal studies to follow microbiota alterations over time and conclude on its conse-
quences for disease development.

The role of the microbiome in pulmonary chronic diseases is incompletely understood.
This study has demonstrated that the lower airways microbiome differed between IPF patients,
COPD patients and healthy controls. IPF patients demonstrated lower diversity in the lower
airways, associated with differences in levels of the AMPs, indicating that the microbiome is
either impacting the immune system or vice versa. There are limited treatment options and
the impact of novel classes of antifibrotic drugs on the microbiome in IPF is unknown. Future
research on modifying the microbiome in IPF patients may be a worthwhile effort in searching
for treatments preventing IPF progression.
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