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The clinical burden of chronic obstructive pulmonary disease (COPD) remains one of the most significant
unmet needs not only in respiratory medicine but in global health [1, 2]. Despite drives to improve
diagnosis rates, encourage smoking cessation and improve function with pulmonary rehabilitation and
prescription of inhaled therapies, impacts on quality of life and healthcare resources continue to place an
unacceptable load on both patients and health services [1]. A key driver for this health burden is acute
exacerbations, which continue to affect a patient’s health even after optimal medical management is in
place [1].

One of the key complexities of treating COPD patients is the marked heterogeneity of disease from patient
to patient and in their subsequent response to therapy [3]. This complexity is even greater when
considering acute exacerbations. A number of studies have identified a key role for infection, both viral
and bacterial [4, 5], in triggering exacerbations and modifying their severity [6]. However, despite their
association with acute infections, exacerbations are far from random events and frequent exacerbation
appears to be both a sustained and clinically important phenotype in many patients [7, 8]. This persistent
trait suggests the presence of a key intrinsic feature in some patients which contributes to exacerbation risk
and highlights the need for additional treatment in that group. Understanding the nature of this factor,
and therefore the drivers to exacerbation risk, has led to studies of airway inflammation. Here two key
endotypes of disease start to emerge: those associated with a signature of eosinophils and with one of
neutrophils [9, 10]. There is a current interest and a growing body of data to suggest that measurement of
biomarkers in either blood or sputum may help predict response to therapy [9].

It is in this context that we revisit the role of inhaled corticosteroids (ICS), an important and widely used
treatment for patients with COPD [11]. Many studies have identified potential benefits of ICS prescription
for patients in terms of lung function, symptom control and exacerbation prevention [12–14]. This has
seen them established as a mainstay of guideline supported therapy [15]. However, recently a number of
reports have highlighted potential deleterious effects of ICS in some patients, with increased risk of
pneumonia identified in both interventional [16, 17] and observational studies [18]. The identification that
ICS use in COPD may carry both benefit and risk has led a drive to find clinical tools to help stratify
patients and predict response [19]. Post hoc analysis of ICS intervention trials has identified that
eosinophilic inflammation is a marker of steroid response [9], with patients manifesting evidence of
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eosinophilic inflammation receiving the most benefit from treatment. This is perhaps of little surprise
considering the key role of ICS in the management of asthma [20] and the understanding of eosinophilic
inflammation as conventionally steroid responsive in this condition [21]. However, clinicians remain
uncertain as to which COPD patients will and will not benefit from ICS use, and understanding of the
mechanisms which define this heterogeneity of response is lacking.

The evolving field of respiratory molecular microbiology has identified that the airways are far from sterile,
but are, in both health and disease, inhabited by rich microbial communities that influence lung health
and immune vigour [22]. Recent studies have identified that COPD is associated with an abnormal
microbial pattern compared with healthy lungs [23, 24]. This dysbiosis may be a key driver to both
ongoing inflammation and risk of exacerbation [5]. The intrinsic status of the airway milieu is therefore
intimately connected to the constant interaction between the microbiome and host mucosal immune and
inflammatory responses and any disruption of this may have adverse effects.

The study by CONTOLI et al. [25], published in the European Respiratory Journal, is timely in its
investigation of this phenomenon. By using a randomised controlled interventional study they sought to
investigate the direct impact of ICS on sputum bacterial load over a 12-month period and importantly to
stratify responses by patient eosinophils levels in both blood and sputum. The importance of using
bacterial load as a key index of microbiological status has long been debated [26], but its choice is
supported by previous observations that higher bacterial loads have been associated with greater levels of
neutrophilic airway inflammation [10] and lung function decline [27].

Despite a relatively small sample size, with 30 patients in each of the treatment (ICS/long-acting β2
agonists (LABA)) and control (LABA) arms, the study generates some significant and fascinating results.
Both groups had comparable airway bacterial loads at baseline, but after 1 year of treatment the ICS group
had manifest a significant rise in load not seen in the LABA arm. Furthermore, a trend towards greater
numbers of potentially pathogenic bacteria, especially the key pathogen nontypeable Haemophilus
influenzae, was seen in the ICS group. No effect on the incidence of viral infection was seen, although
sample numbers were small and overall detection rates were low. Perhaps most interesting was the
relationship between ICS effects on bacterial load and eosinophil levels prior to study intervention. The
rise in bacterial load driven by ICS use was only seen in patients with low (<2%) sputum or blood
eosinophils measured prior to commencing the intervention.

The study is small, but follow-up over a year and the use of steroid naïve patients ameliorated some of the
effects of small sample size on measured effects. There are a number of technical considerations regarding
the methods used, which are acknowledged in the paper, including the type of microbial analysis
performed: a biased 16S rRNA PCR assay rather than the more definitive DNA sequencing approach. A
full description of the exact nature of the microbial diversity leading to increasing loads is consequently
incomplete. Furthermore, measurement of sputum cell counts failed to elicit differences in inflammatory
profiles in follow-up, stable-state samples out to 1 year so the real importance of rising load in stable
disease remains uncertain but at exacerbation higher loads were related to more neutrophilic
inflammation.

Despite these issues, the finding that ICS use leads to greater levels of bacterial colonisation in
non-eosinophilic COPD raises many important questions about the role of eosinophils and the
mechanisms by which microbial dysbiosis develops in COPD. Eosinophils themselves can play an
important role in the immune response to bacterial infection; both by secretion of antibacterial proteins
[28] and by coordinating adaptive immune responses [29]. The relevance of this cell type is underwritten
by a recent analysis for the AERIS COPD (Acute Exacerbation and Respiratory Infections in COPD)
cohort that suggests eosinophil-associated inflammation appears to be a relatively stable clinical phenotype
in COPD and one that persists despite the long-term use of ICS-containing inhaled treatment [30]. The
concept that these patients with eosinophil-associated disease are somewhat protected from the deleterious
effects of ICS use on bacterial infection resonates with the reanalyses of clinical trials demonstrating
additional clinical benefit in this group [9].

The fine equipoise of airway immune responses balance microbial control with minimal inflammation and
can be dramatically influenced by therapy. Modern inhaled steroids are potent immunomodulatory drugs
and their impact in COPD, which is associated with pre-existing immune dysfunction, may be even more
significant than in other conditions [31]. ICS have been shown to downregulate many key aspects of
innate and adaptive immunity [32]; recently, we have shown that ICS use in COPD is associated with a
significant drop in the numbers and function of a key arm of the immune response to the microbiome:
the mucosal associated invariate T-cell (MAIT) [33]. The fact that ICS may impair these responses and
that colonising bacteria may gain an advantage is therefore not surprising; however, the key mechanistic
question arising from this study is why are patterns of eosinophilic inflammation not associated with
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adverse changes in microbial load and how is this patient group “protected” from the adverse effects of
ICS and its impact on bacterial infection. More work is required to better understand this and to
subsequently develop new and better approaches to treatment.

There is an emerging narrative that the “yin and yang” of airway endotypes in COPD are eosinophilic and
neutrophilic dysbiotic inflammation. Ultimately these disease traits are more than simple markers of ICS
response and detailed studies of the mechanisms of disease and therapeutic response are required to give
us new and perhaps discrete approaches to effective disease modifying interventions. Considering the long
standing and competing theories of COPD origins, in the era of Brexit, perhaps Anglo-European accord
can be helped by accepting that both the British and the Dutch hypotheses appear to be valid [34];
describing parallel, but distinct biological origins of disease that require quite different approaches to
treatment. If we are to define the new era of a more personalised approach to treating COPD, informative
studies such as the one by CONTOLI et al. [25] are key to improving our understanding of disease and to
the better design of definitive intervention trials that are needed to lighten the load for our patients.
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