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ABSTRACT Inhaled corticosteroid-containing medications reduce the frequency of COPD exacerbations
(mainly infectious in origin) while paradoxically increasing the risk of other respiratory infections. The
aim was to determine the effects of inhaled corticosteroids on airway microbial load in COPD patients and
evaluate the influence of the underlying inflammatory profile on airway colonisation and microbiome.

This is a proof-of-concept prospective, randomised, open-label, blinded endpoint study. Sixty patients
with stable moderate COPD were randomised to receive one inhalation twice daily of either a combination
of salmeterol 50 μg plus fluticasone propionate 500 μg or salmeterol 50 μg for 12 months. The primary
outcome was the change of sputum bacterial loads over the course of treatment.

Compared with salmeterol, 1-year treatment with salmeterol plus fluticasone was associated with a
significant increase in sputum bacterial load (p=0.005), modification of sputum microbial composition
and increased airway load of potentially pathogenic bacteria. The increased bacterial load was observed
only in inhaled corticosteroid-treated patients with lower baseline sputum or blood eosinophil (⩽2%)
levels but not in patients with higher baseline eosinophils.

Long-term inhaled corticosteroid treatment affects bacterial load in stable COPD. Lower eosinophil
counts are associated with increased airway bacterial load.
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Introduction
Exacerbations of chronic obstructive pulmonary disease (COPD) have a major impact on the quality of
life, prognosis and progression of the disease [1].

Inhaled corticosteroids (ICSs) in association with long-acting β2 agonists (LABAs) are recommended
treatments for COPD patients at high risk of exacerbation [1]. Interestingly, recent analyses suggest that
blood eosinophilia predicts a greater efficacy of ICS/LABA combination in preventing exacerbations over
LABA alone, thus providing a possible biomarker to identify patients who are more likely to benefit from
this treatment [2–4].

There is an apparent paradox related to ICS treatment in COPD: on the one hand, ICS/LABAs effectively
prevent COPD exacerbations that are commonly related to an infective aetiology [5] and, on the other
hand, the same combinations increase the risk of pneumonia [6, 7].

Many COPD patients have chronic bacterial colonisation of the airways, and airway bacterial load in stable
COPD is related with both the frequency of exacerbations [8] and decline in lung function [9]. An
increase of the airway bacterial load over 1 year has been previously observed in a population largely
treated with ICS-containing medications [9]. A greater sputum bacterial load has been also reported in
COPD patients receiving high-dose ICSs [10]. No control group was included in these observational
reports.

With this background, we conducted a proof-of-concept prospective, randomised, open-label, blinded
endpoint (PROBE) study specifically powered to determine the effects on sputum bacterial load of
12-month treatment with either LABA or LABA/ICS combination in COPD patients. In addition,
exploratory analyses stratified by sputum/blood eosinophil counts were performed to evaluate the influence
of the underlying inflammatory profile on chronic airway colonisation and microbiome.

Methods
Study design
Consecutive COPD patients, according to Global Initiative for Chronic Obstructive Lung Disease
definition [1], were screened for eligibility from May 4, 2009 to May 7, 2012 among the cohort of patients
visiting the outpatient clinic of the Research Centre on Asthma and COPD, University of Ferrara, Italy. 60
steroid-naïve COPD patients with stable disease (post-bronchodilator FEV1 ⩾50 and <80% predicted) on
treatment with the LABA salmeterol (SALM) were recruited to participate in this PROBE study [11].

Assessed for eligibility: 93

Recruited: 68

Randomised: 60

Not randomised: 8 patients 
did not produce adequate 

amount of sputum at baseline

Excluded: 25 patients did not 
accept to take part to the study

30 patients were randomised to salmeterol/
fluticasone 50/500 µg b.i.d.

30 patients were randomised to salmeterol
50 µg b.i.d.

Analysed: n=30 Analysed: n=30

FIGURE 1 Trial profile.
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This is an exploratory proof-of-concept study designed to investigate the effect of long-term treatment
with an inhaled corticosteroid (fluticasone propionate) added to a LABA on sputum bacterial load in
stable COPD patients. For ethical reasons, we were not allowed to enrol patients with more severe disease,
for which treatment with LABA alone, as the comparator arm, is considered inappropriate and patients
would have been undertreated.

Patients were randomised to receive either SALM alone (50 μg one inhalation twice daily, n=30) or the
ICS/LABA inhaled fixed combination (salmeterol 50 μg plus fluticasone propionate 500 μg (SALM/FP one
inhalation twice daily, n=30)) for 12 months. After baseline evaluation and randomisation (visit 0),
patients were seen every 3 months in an outpatient setting. Patients were instructed to contact the centre
for an unscheduled visit in case of worsening symptoms. Exacerbation episodes were treated with
antibiotic and systemic corticosteroids [1]. The study conformed to the Declaration of Helsinki, the work
was approved by the institutional ethics committee, and informed written consent was obtained from each
subject. A detailed description of the study design, randomisation and masking procedures, exacerbation
definition, lung function measurements and quality of life assessment is reported in the supplementary
material.

This study is registered with ClinicalTrials.gov, number NCT01213693.

Randomisation and masking
Patients were randomised to receive either SALM/FP (50/500 μg twice daily; study group, n=30) or SALM
(50 μg twice daily only; control group, n=30) for 12 months (figure 1). Patients were randomly assigned to
a treatment group according to a list prepared with the use of a random number generator.

The physicians who performed the medical evaluation and collection of clinical and functional data of the
patients did not have access to the microbiological data of the scheduled visits. The microbiological loads
for both bacteria and viruses were assessed in a blind manner. Therefore, the data used for the evaluation
of both primary and secondary outcomes were acquired in a blinded fashion (PROBE study) [11].

Microbiological assays
Sputum collection and analyses, quantitative bacteriology, respiratory virus and atypical bacteria detection
and microbial identification and profiling assays are detailed in the supplementary material and in the
supplementary tables S1 and S2.

Eosinophil counts and bacterial load
Because a differential count of ⩾2% in blood has been previously reported to be predictive of an
eosinophil count ⩾3% in induced sputum [12], we performed post hoc analyses to evaluate changes in
bacterial load according to the level of baseline blood (⩾2% or <2%) and sputum eosinophils. Recurrent
sputum eosinophilia was defined as high eosinophil counts (above cut-off values) in ⩾50% of available
samples obtained in at least four visits (at baseline, at the end of treatment and at least in two scheduled
visits during the study).

Analyses
The primary outcome was the assessment of bacterial load in the sputum of COPD patients after
12 months of treatment with SALM/FP compared with that in COPD patients treated with SALM.
Secondary outcomes included assessment of viral detection; the clinical and inflammatory outcomes are
detailed in the supplementary material.

In a previous study [9], mean increase in bacterial load of 0.46 log10 colony-forming unit (CFU) mL−1 was
observed over 1 year in sputum samples of 30 stable COPD patients. The vast majority of these subjects
(93%) were treated with an ICS containing medication. Based on these premises: 1) we postulated no
change in sputum bacterial load over 1 year in COPD patients not receiving an ICS-containing medication
and 2) we calculated that the bacterial load would increase up to a mean value of about
0.5 log10 CFU mL−1 in a COPD population that was 100% treated with ICS-containing medications. As we
recruited only steroid-naïve subjects, we considered that a greater increase in sputum bacterial load was to
be expected than the reference considered [9], and a 20% increased value of 0.6 log10 CFU mL−1 was
assumed for our primary analysis. The common standard deviation for the change is assumed to be 0.8.
The type I error is set to 0.05 and the power should be at least 80%. Under these assumptions a sample
size of 30 patients per treatment group have to be available for the analysis. A similar number of subjects
were enrolled in the study where increased sputum bacterial load was observed over 1 year [9].

The tests used for statistical comparisons are detailed in the Methods section of the supplementary
material. p-values of 0.05 or less were considered to indicate statistical significance.
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Results
Study design and patient characteristics
In total, 93 patients met the criteria for inclusion; however, 25 patients refused to take part in the study. 68
patients were recruited, but eight patients were not randomised because they did not produce adequate
amount of sputum at baseline (figure 1). Thirty patients were randomised to receive one inhalation twice
daily of a combination of SALM/FP 50/500 µg, and 30 were randomly selected to receive SALM 50 µg
twice daily. No differences were found between the two groups of patients for the demographic
characteristics (table 1) and comorbid conditions (supplementary material). Further patients’ clinical and
functional characteristics are detailed in the supplementary material.

Sputum sampling
As per the inclusion criteria, sputum samples were collected for all patients at baseline (n=30 in each
group) and at the end of the 1-year study treatment (for the primary analysis of the study). Sputum was
obtained in 90%, 80%, and 83% of patients treated with ICS/LABA and 86%, 73%, and 83% of patients
treated with LABA alone at the 3-, 6-, and 9-month study visits, respectively. Samples for all visits were
available in 24 (80%) and 22 (73%) patients treated with ICS/LABA and LABA alone, respectively. No
differences in demographic characteristics and/or lung functions were found between patients with
samples for all study visits and the entire study population.

Bacterial and viral load at stable state
Baseline bacterial loads were similar between the two groups (figure 2a and 2c).

The total bacterial load, which includes any type of bacteria grown in cultures from the sample, was
significantly increased with respect to baseline (p=0.005) at the end of the study in the SALM/FP group,
whereas the end-study total bacterial load had not changed from baseline in the SALM group (figure 2a).
A progressive increase in sputum bacterial load was confirmed in the SALM/FP group when the analysis
was confined to patients for whom sputum samples were obtained and assessed at every visit (figure 2b).

Supplementary table S3 lists the potentially pathogenic airway bacteria (PPB) detected by conventional
culture assays in the study for each visit. A high variability in the detection of specific potential pathogens
was observed for patients from visit 1 (baseline) to visit 4 (12 months) in both treatment groups. No
correlation was found between the ICS treatment and detection of specific individual pathogens. In stable
conditions, the rate of detection of PPB in the sputum sample did not significantly change throughout the
study (PPB were identified in approximately one-third of sputum samples at each study visit)
(supplementary table S3). Conversely, an increase of PPB load was observed at the end of the study in the
SALM/FP group (figure 2c), although the change, in the relatively low number of samples considered, did
not reach statistical significance. These data were confirmed by the PCR assay performed in sputum
samples for selected bacteria pathogens (supplementary figure S1) [10].

TABLE 1 Demographic and clinical characteristics of the study population

Study population SALM/FP SALM p-value

Patients n 60 30 30
Age years 70.6±0.9 70.5±1.2 70.6±1.3 >0.05
Male/female n 48/12 23/7 25/5 >0.05
Smoking habit pack-years 25±4 28±6 23±5 >0.05
Chronic bronchitis 27% 23% 30% >0.05
FEV1 pre-bronchodilator L 1.42±0.03 1.44±0.03 1.41±0.04 >0.05
FEV1 pre-bronchodilator % pred 58.6±0.7 58.8±1.0 58.3±1.1 >0.05
FEV1 post-bronchodilator L 1.56±0.04 1.55±0.05 1.57±0.06 >0.05
FEV1 post-bronchodilator % pred 63.9±0.9 63.1±1.3 64.6 ± 1.2 >0.05
Number of moderate-to-severe
exacerbations in the previous year

0.91±0.09 0.86±0.13 0.96±0.13 >0.05

Patients with ⩾1 moderate-to-severe
exacerbation in the previous year

72% 73% 70% >0.05

Data are presented as mean±SEM, unless otherwise stated. SALM/FP: salmeterol/fluticasone
propionate-treated group; SALM: salmeterol-treated group; FEV1: forced expiratory volume in 1 s.
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No differences in respiratory virus detection were observed at baseline and over the study period within and
between groups. By real-time PCR analysis, low rates of viral detection were found throughout the study as
detailed in the supplementary material. The detected viruses are detailed in supplementary table S3.
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FIGURE 2 Airway bacterial load and microbiome analysis. a) Total bacterial load is shown as colony-forming units (CFU) per mL and was
assessed at baseline (V0) and after 12 months of therapy (V4) in sputum samples from patients in both the salmeterol/fluticasone (SALM/FP) and
SALM alone groups. b) Total bacterial load of patients for whom sputum samples were obtained and assessed at every visit. c) Airway bacterial
load of pathogenic airway bacteria (PPB) at baseline (V0) and after 12 months of therapy (V4). d) Analysis of sputum microbial composition (alpha
diversity evaluated by Shannon’s index) restricted to the 41 bacterial or fungal pathogens detected by multiplex 16s RNA qPCR assay (*: p<0.05
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e) Microbial quantification by multiplex 16s RNA qPCR assay in the sputum samples.
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Sputum microbial identification
The sputum microbial analysis was performed in 120 paired sputum samples (60 samples at baseline
versus 60 samples at the end of 1-year treatment) of the patients treated with SALM alone (n=30) or
SALM/FP combination (n=30). The analysis was performed by multiplex quantitative PCR assay designed
to detect bacterial 16S rRNA and fungal ribosomal rRNA gene sequences for 41 bacterial or fungal
pathogens (supplementary material). Overall, we found a significant increase in the number of microbes
identified in the ICS/LABA group (+12%; p<0.05) but not in the LABA treated group (−3%; p=0.23). No
composition dissimilarity was found in the microbial profiling of the two groups at baseline and at 1-year
(figure 2d, supplementary table S6). However, in patients treated with SALM/FP (but not in SALM-alone
treated patients) we found a significant increased mean α diversity (figure 2d, supplementary table S7 and
table S8) after 1 year of treatment. The microbial composition also shifts toward an increased detection of
the Firmicutes phylum (+6%; p<0.05) and Candida spp. (+5%; p=0.10) which was paralleled by a
significant reduction in Proteobacteria phylum detection (−9%; p<0.05) (figure 2d).

Increased relative abundance in Streptococcus pneumoniae (p<0.05) and Haemophilus influenzae (p<0.05)
was found after 1 year of treatment with SALM/FP but not with SALM alone. In patients treated with
LABA only, we found a significant increase in the relative abundance of Prevotella spp. (p<0.05). No other
significant changes in sputum microbial composition were found (figure 2e).

Clinical outcomes
Although the study was not designed to assess the effects of the treatment arms on COPD clinical
outcomes, we found a small improvement in patients receiving ICS/LABA over LABA alone in relevant
clinical outcomes (e.g. SGRQ) as detailed in the supplementary material (supplementary figure S2). A
nonsignificant trend was found in the SALM/FP group in the reduction of exacerbation rate, when
compared with the previous year. No change in the exacerbation frequency was observed in the SALM
group (supplementary material).

Airway inflammation at stable state
No difference in terms of total and differential inflammatory cell counts was documented at baseline and
over the study period within and between study groups in stable conditions (supplementary table S4).

Airway inflammation and microbiology during COPD exacerbations
Twenty-two and 28 exacerbations occurred in patients treated with SALM/FP and SALM alone,
respectively, none of which required hospitalisation.

A significant correlation was found between neutrophil cell counts and total bacterial load at exacerbations
(p=0.041; r=0.29 figure 3). A detailed description of the changes of airway inflammation and bacterial
(including PPB) and viral loads at exacerbation compared to stable state is available in the supplementary
material (supplementary figure S3).

Predictors for changes in bacterial load in patients treated with ICS/LABA combination
The changes in bacterial load in the SALM/FP group did not correlate with any of the baseline
demographic characteristics, functional parameters, and/or SGRQ values, nor with the changes of clinical
outcomes throughout the study (supplementary material).

FIGURE 3 Correlation between
sputum neutrophil cell counts and
total airway bacterial load at
exacerbation.
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Blood eosinophil cell count was available at recruitment in 87% and 83% of patients in the SALM/FP and
SALM groups, respectively. A significant correlation was found between blood eosinophil cell count and
sputum eosinophil count at baseline (p=0.004; r=0.37; supplementary figure S4). When patients were
stratified based on blood eosinophils, the 1-year ICS/LABA treatment resulted in a significant increase
(+2.47±0.44 log10 CFU·mL−1) in the total bacterial load in patients with <2% blood eosinophil counts at
baseline but not in patients with ⩾2% baseline blood eosinophil levels (+0.91±0.37 log10 CFU·mL−1)
(figure 4a). The latter group consisted of 53% of the ICS/LABA-treated patients assessed in the study.
Because few patients (10%) reported sputum eosinophil levels ⩾3% at baseline, we performed stratification
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FIGURE 4 a) Total bacterial load at baseline (V0) and after 12 months of therapy (V4) in sputum samples of
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analysis with a cut-off value of 2% sputum eosinophil. One-year treatment with ICSs resulted in a
significant increase in total bacterial load that was limited to patients with <2% baseline sputum
eosinophils (+2.14±0.31 log10 CFU·mL−1) with no change in the bacterial load (+0.34±0.42 log10 CFU·mL−1)
of patients with ⩾2% baseline sputum eosinophils (the latter group comprising 37% of ICS/LABA-treated
population) (figure 4b). Multiple regression analysis confirmed the interaction between treatment regimen
and sputum eosinophil level at baseline as a predictor of increased bacterial load (supplementary material
and table S9).

Similarly, the microbial analysis showed that among COPD patients treated with SALM/FP, the increased
relative abundance in S. pneumoniae and H. influenzae was limited to those with blood eosinophils <2%.
In these patients, we also found a numerical increase in relative abundance in Moraxella catarrhalis after
1 year of SALM/FP treatment compared with baseline (figure 4e).

Furthermore, the 1-year ICS treatment did not modify total bacterial load in patients with recurrent
sputum eosinophilia (+0.75±0.39 log10 CFU·mL−1), whereas a significant bacterial load increase was
observed compared with baseline (+2.15±0.32 log10 CFU·mL−1) in patients with no recurrent sputum
eosinophilia (the latter group comprising 60% of ICS/LABA-treated patients with at least four sputum
samples tested during the study) (figure 4c).

Of note, a significant negative correlation was found at baseline between blood eosinophil counts and total
sputum bacterial load (p=0.003; r=−0.28; figure 4d).

PPB tended to be frequently detected during exacerbation in patients with baseline blood eosinophil cell
count <2%, compared with patients with baseline blood eosinophil cell counts ⩾2% (85% versus 61%,
respectively; p=0.082).

Discussion
This study was designed in a controlled fashion to evaluate the effect of 1-year treatment with the inhaled
corticosteroid FP added to SALM (a LABA) as the primary outcome, on sputum microbiological loads.
Corticosteroid-naïve COPD patients who received SALM alone were recruited to the study.

By conventional sputum cultures, and confirmed by molecular techniques, we found that FP added to
SALM increased bacterial load in sputum samples from patients with moderate COPD with moderate
airflow limitation. Conversely, no change was found in the frequency of detection of respiratory viruses.
The reasons for the observed differential effects of ICS treatment on bacterial and viral loads are unclear.
The differences between the mechanisms involved in combatting bacterial and viral infections of the
airways may explain the different susceptibility to steroid treatment. In addition, viral detection is rather
low in stable-state disease [13].

Our results show that treatment with high doses of FP in addition to SALM increases airways
bacterial load in the airways of stable-state COPD patients. At variance with previous occasional reports
[9, 10], this is the first prospective study, to our best knowledge, powered to test this hypothesis as the
primary outcome. Several studies investigated the effects of ICS on pulmonary host defence against
bacterial pathogens. FP can impair bacterial clearance by interfering with key elements of innate
antimicrobial activity, such as 1) inhibition of macrophage antimicrobial activity [14], 2) inhibition of the
macrophage release of cytokines such as TNF and IP-10 [15], 3) downregulation of the expression of
MHC class II molecules in macrophages [16] and reduction of adaptive immune responses [17]. However,
there are contrasting data on the modulatory effects of ICSs on bacterial immune responses, with some
studies showing that FP potentiates PPB clearance in human airway epithelial cells [18] and enhances
the epithelial expression of molecules that are involved in innate immune responses in airway mucosa
[19]. Further studies are needed to explore the effects of inhaled corticosteroids on host defence
mechanisms against bacterial infection, particularly in COPD patients with airway bacterial colonisation
and documented impaired immune response to infections [20]. Our study proves that in this
clinical condition, the ultimate result of long-term treatment with ICS is a net increase of the airways’
bacterial load.

On examination of the correlations between inflammatory markers and changes in bacterial load, we found
that ICS-containing treatment led to a significant increase in bacterial load only in patients with low
eosinophil counts. Eosinophils are known to contribute to the immune response to pathogens. They can act
as antigen-presenting cells to CD4+ T-cells, thereby promoting T-cell proliferation and polarisation [21].
Moreover, eosinophils exhibit a potent bactericidal activity through the release of eosinophil cationic protein
(ECP) and major basic protein (MBP) [22]. Thus, they can play an important role in both the innate and
adaptive immune responses. Indeed, eosinopenia is regarded as an independent predictor of poor clinical
outcomes of severe infection, such as bacteraemia [23] and COPD exacerbations [24, 25]. In line with these
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concepts, and with recent publication [26], we found a negative correlation between eosinophils and airway
bacterial load in COPD patients at baseline.

ICS/LABA prevents exacerbations more effectively than LABA alone in eosinophilic patients [2, 3], in
which eosinophilic exacerbations most frequently occur [12], and in whom bacterial aetiology is less likely
[12, 27]. In this eosinophilic environment, our study suggests that bacterial load is not modified by
chronic ICS treatment. Conversely, the low eosinophil group that is less prone to benefit from a chronic
ICS treatment for exacerbation prevention in addition to LABAs, develops increased airway bacterial load
and infectivity and thus increased risk of infective events [7]. Consistent with these concepts is also our
finding that patients with low blood eosinophil levels have higher detection rates of PPB at exacerbation.

Although small, the sample size was adequately powered to test the primary hypothesis of the study. We
acknowledge the obvious limitation that the study was not powered to capture clinical outcomes and
investigate the stratification of the sub-analyses performed; in particular, whether the increased bacterial
load leads to increased infectious events. Despite the lack of power, a significant result emerged from this
assessment, which is in line with the results of a very recent meta-analysis reporting an increased risk of
pneumonia in ICS-treated COPD patients with low blood eosinophil counts [28]. We are aware that the
studied population (∼1 exacerbation in the previous year) (table 1) was not entitled to regular ICS/LABA
treatment [1]. For ethical reasons, this is the only population where this proof-of-concept study could be
conducted. Notably, the population of our study is broadly similar to the population that has been
previously tested in some randomised controlled trials evaluating the effects of SALM/FP fixed
combination and mono-components [6, 29] and on average complies with the approved indications for
SALM/FP in COPD (50/500 μg one inhalation twice daily) in Europe.

Previous studies have showed that the composition of the lung microbiome changes between healthy,
smoking and COPD patients (mainly characterised by Proteobacteria and Firmicutes phyla) [30–32].
Moreover, it has been documented that the changes in the lung microbiome are associated with COPD
exacerbation events and are potentially implicated in mediating host inflammatory responses, with the
Proteobacteria phylum mainly expressed in exacerbations of bacterial aetiology and Firmicutes spp. in
eosinophilic exacerbations [33]. To our best knowledge, our study is the first to longitudinally evaluate the
effect of adding an inhaled corticosteroid to LABA in COPD on sputum microbial composition. We
recognise that our microbial analysis is limited in that it does not cover the entire airway ecology.
However, since it includes the most representative pathogens belonging to the main phyla of airway
microbiology [30–33], it can be considered representative of airway microbial composition. We confirmed
that the composition of sputum microbiome in COPD is relatively stable over time [33]. SALM/FP (but
not SALM alone) treatment leads to specific perturbations in microbiome diversity with an increase in the
relative expression of firmicutes and reduction in proteobacteria. Moreover, in line with the data from
sputum cell cultures, we found that the addition of ICS to LABA resulted in increased abundance of
potential pathogen microbes (Pneumococcus, Haemophilus and Moraxhella) only in COPD patients with
baseline eosinophil levels <2%. The mechanisms by which these communities of different micro-organisms
interact with the epithelium and/or influence the immune system in COPD are virtually unknown.

In conclusion, the results of our randomised controlled trial indicate that during stable disease, ICS
increases the total bacterial load, as well as the potentially pathogenic bacterial load, but not the viral load,
and modifies microbiome composition. Whether the increased bacterial load [8] or the change in airway
microbial composition [34] reported in COPD patients treated with ICS/LABA results in infectious clinical
consequences must be evaluated with properly designed studies. The increase in bacterial load appears
limited to patients with low blood and/or sputum eosinophil levels. Larger randomised controlled trials are
required to evaluate whether such a biomarker-driven pharmacological approach would result in
significant improvement of clinical outcomes in COPD.
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