Editorial

Gary B Huffnagle1,2
Bacterial colonisation/infection is ubiquitous in patients with COPD and is likely a
biologically relevant facet of disease progression. Correlations have been reported
between the identiﬁcation of bacteria and
increases in the intensity of the inﬂammatory/immune response, cough, sputum
production and rates of acute exacerbations of COPD.1–5 The inﬂammatory/
immune response in COPD also persists
despite smoking cessation and there is a
particularly
enhanced
inﬂammatory
response in chronic bronchitis and acute
exacerbations of COPD, all of which is
consistent with a microbial mechanism
underlying chronicity and exacerbations.
Chronic bacterial colonisation in COPD
subjects had been traditionally evaluated
by cultivation-based methods of sputum
and bronchoalveolar lavage (BAL), with
the magnitude and types of organisms
varying widely. Culture-independent analyses, such as those used in the study by
Einarsson et al,6 are providing new
insights into the pulmonary microbiome
of patients with COPD. This current
study underscores the concept that the
COPD lung harbours a microbiome distinct from that in healthy non-smokers
and smokers, which is not captured completely by standard culture techniques.
Overall, this study, together with complementary studies from other labs,6–13 is
building a ‘research mosaic’ that is identifying the changes in the microbiome that
occur during COPD and delineating their
importance in the pathogenesis of the
disease.
In the paper by Einarsson et al,6 the
objective was to determine whether there
are differences in the lower airway
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microbiota between subjects with COPD,
smokers and non-smokers. Lower airway
samples in the study were obtained by
BAL and the microbiota determined
by both culture-based and cultureindependent analyses, using Illumina
MiSeq sequencing, targeting the 16S
rRNA gene in bacteria. Both bacterial
load and measurements of community
composition were performed in this study.
There is one secondary readout of this
study that should be emphasised: culturebased analysis of the subjects clearly
demonstrated that viable bacteria, both
aerobic and anaerobic, were isolated from
the lungs of non-smokers, as well as
healthy smokers and subjects with COPD.
This is consistent with other recent
studies of the healthy lung microbiome,
including those from our group,14–17 and
the myth that the healthy lungs are ‘free
from bacteria’ should be laid to rest once
and for all, as we have discussed in more
detail recently.18
The study by Einarsson et al6 also
reported that for the majority of patients
with COPD, the lung microbiota is signiﬁcantly different than that present in individuals without disease, including healthy
smokers. It has been documented that,
surprisingly, smoking in and of itself does
not alter the lung microbiome.17 The
observation that the lung microbiota is
different during COPD is consistent with
a number of other studies in the ﬁeld that
have used a variety of sample types.7–13
However, what is emerging in the ﬁeld is
the concept that changes in overall bacterial community diversity during COPD do
not necessarily follow a straight progression of either increasing diversity or
decreasing diversity during the progression of disease. Community diversity may
increase at some stages, perhaps owing to
impaired clearance of microaspirated
anaerobes from the upper airways. At
other stages, such as during advanced
disease, community diversity may decrease
as a result of the emergence of a pathogen
that numerically dominates the diseased
COPD lung.
However, it is also important to
re-emphasise the need for proper
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technical controls in any sequencing-based
study of metagenomic DNA samples in
which the target DNA is of low abundance, such as for lower airway metagenomic DNA. The study by Salter et al19
clearly demonstrated how ‘diversity’ in a
sample will increase as the biomass drops
because the ratio of background reagent
signal to target signal increases. The
reagents for DNA isolation, ampliﬁcation
and the sequencing reaction will all generate sequence reads at low target DNA
concentrations that create problems in
separating true biological signal from
noise. The study by Einarsson et al6 provided information in the online supplement to address the background issue. It
is my opinion that all the respiratory journals should require robust technical controls for culture-independent microbiome
analysis, especially when signiﬁcant conclusions are based on either (1) the statistically signiﬁcant occurrence of a rare
organism or (2) changes in community
diversity that are attributed to changes in
rare operational taxonomic units (ie, the
length of the community membership
‘tail’ changes). These data can be included
in online supplements but it is important
for the validity of the study.
This study used BAL samples, which
are robust samples for the lower airways.
To date, our laboratory has predominantly
used BAL samples for our studies of the
lung microbiome.14 15 20 However, there
is no single analysis of the airway microbiome that provides a complete picture of
the microbiology of the lungs. The lungs
are difﬁcult to study longitudinally and
cross-sectionally. Total BAL, sputum, cellfree BAL supernatants and biopsies are all
samples that provide different insights
into the processes of lung microbiology.
In addition, different types of culturebased and molecular analyses add to the
larger story that includes changes in
microbial composition, total colonisation
levels, macro-anatomic and microanatomic heterogeneity, culturability and
changes in microbial gene expression and
metabolism, among other things. The
ultimate outcome under study is a change
in the health status of the host. The combination of both culture and molecular
analyses is a key feature of this current
study and one that should be increasingly
used in future microbiome analyses of
respiratory health and disease.
One other emerging concept supported
by this study is that there is no ‘smoking
gun’ for a bacterial species that is associated
with worsening disease in COPD. It was
observed that there is a loss of the bacteria
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Another piece in the ‘research mosaic’
that describes the role of the lung
microbiome in COPD
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typically found in healthy individuals such
as Prevotella and Veillonella14 17 and scattered acquisition of more well-known
COPD-associated pathogens such as those
within the Pseudomonas, Haemophilus and
Streptococcus species. The paper contains
data that are consistent with a model of a
change in the lung environment during
COPD that favours the outgrowth of a
microbe and perpetuation of the inﬂammatory processes, rather than a transmissible
infectious process.
One of the admitted limitations of this
study is the sample size. In fact, relatively
small sample sizes have plagued all BAL
microbiome studies in COPD. With the
cost of sequencing having dropped and the
methodologies (procedural and bioinformatic) having been vetted, studies such as
those by Einarsson et al6 and others are
providing the rationales for much larger
cohort analyses of the relationship between
changes in the lower airway (BAL) lung bacterial microbiome and clinical parameters
in COPD. These are the studies that will be
needed to glue down this developing
research mosaic that depicts the role of the
lung microbiome in COPD pathogenesis.

