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ABSTRACT

Introduction Patients with chronic obstructive pulmonary
disease (COPD) with frequent exacerbations (ExCOPD) are
commonly treated with inhaled corticosteroids (ICS) and
are at risk of infections caused by potential pathogenic
bacteria (PPB) including Pseudomonas aeruginosa (PsA).
Objectives To investigate the association between the use
of ICS and PsA infection among ExCOPD.

Methods Case—control study with longitudinal follow-

up that recruited ExCOPD after a hospitalisation due to
exacerbation between 2012 and 2020. Patients with
isolation of PsA (COPD-PsA) in sputum either during
admission or follow-up were compared with those with
other or no PPB. Clinical, functional characteristics, DDD,
use of ICS and survival were evaluated. Cox regression
analysis was performed to evaluate the risk factors
associated to PsA infection and mortality.

Results 358 patients (78% male, mean age 73+9

years) were enrolled and followed up for a median of 4
years (IQR=3-8). 173 patients (48.3%) had at least a
positive culture for PsA. COPD-PsA had more frequent
exacerbations, more severe airflow limitation and higher
mortality (69.4% vs 46.5%, p<0.001). There were no
differences in the use of ICS between groups but the

dose of ICS was significantly higher among COPD-PsA
(median of 500 pg fluticasone propionate equivalents
(IQR=250-1000) vs 400 pg (IQR=200-1000), p=0.007).
Blood eosinophil count (BEC) was not different between
ICS users and non-users. In multivariate analysis, the dose
of ICS was an independent risk factor for PsA infection and
mortality but not ICS use.

Conclusions ICS dose, but not its use, could be a risk
factor for PsA infection in patients with severe COPD
regardless of BEC.

INTRODUCTION

Chronic  obstructive pulmonary disease
with frequent exacerbations (ExCOPD) is a
specific clinical phenotype that is associated
with progressive decline in lung function,
higher mortality and morbidity.! * About 50%
of acute COPD exacerbations (AECOPD)
are caused by potential pathogenic bacteria
(PPB) infections either isolated from sputum
or bronchial secretions cultures.”™

KEY MESSAGES

= Are inhaled corticosteroids (ICS) use a potential risk
factor for Pseudomonas aeruginosa infection among
frequent-exacerbator severe chronic obstructive
pulmonary disease (COPD)?

= The use of high-dose ICS in severe patients with
COPD with frequent exacerbations is associated to
Pseudomonas aeruginosa infection and poorer sur-
vival, regardless of blood eosinophil count, effect not
observed with low to medium doses.

= These findings should help the clinicians modify
their daily practice regarding their decision on pre-
scribing ICS for patients with severe COPD, especial-
ly regarding the dose of ICS.

Haemophilus influenzae, Streptococcus pneu-
moniae and Moraxella catarrhalis are the most
commonly isolated PPB.” * Other Gram-
negative bacteria, specifically Pseudomonas
aeruginosa (PsA) and Stenotrophomonas malto-
philia, are associated with more severe exac-
erbations and debilitated patients.® 7 PsA
isolation during AECOPD hospitalisations
is associated with greater degree of airway
obstruction, use of systemic corticosteroids,
poorer lung function, previous isolation of
PsA and previous hospital admission.*"’
Further, PsA has been linked to increased
airway inflammation in patients with coprDp"
and mortality.'

Inhaled corticosteroids (ICS) are indicated
in the treatment of ExCOPD, especially if
blood eosinophil count (BEC) are higher
than 300 cells/pL.”® '*; however, ICS therapy
is associated with various adverse effects espe-
cially the risk of pneumonia'® which raises
the debate about the prescription of ICS
in patients with infectious exacerbations.
Further, long-term use of ICS is associated
with increased bacterial load in airway as
well as modification of microbiome compo-
sition.'® The relationship between ICS use
and the risk of PsA infection and its clinical
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consequences in patients with COPD are not well stab-
lished and could modify the indication of this treatment
in patients with ExCOPD caused by PsA.

Accordingly, our study aimed to: (1) investigate the
association between the use of ICS and PsA infection
among ExCOPD; (2) identify the risk factors associated
with PsA infection among ExCOPD population and (3)
study the risk factors associated with mortality among
ExCOPD.

METHODS

Study design and ethics

Case—control study that recruited patients with
confirmed diagnosis of COPD based on Global Initiative
for Chronic Obstructive Lung Diseases (GOLD) criteria
with a history of frequent exacerbations after a hospital-
isation due to AECOPD."” The study was conducted in
a tertiary teaching hospital between 2012 and 2020. All
patients were regularly followed up after discharged in
ordinary outpatient respiratory clinics or through an
integrated care programme for ExXCOPD running in the
same hospital'’ for a maximum of 8 years. All the patients
signed a written informed consent.

Patient and public involvement
It was not appropriate or possible to involve patients or
the public in the design, conduct, reporting or dissemi-
nation plans of our research.

Population

All patients who had a diagnosis of COPD according
to GOLD criteria" after a hospitalisation for AECOPD
with a history of 2 or more exacerbations per year, able
to produce a sputum sample either during admission
or follow-up, and living in the area of influence of the
hospital were included in the study. Patients with COPD
with growing of PsA in at least one sputum culture taken
either during admission or follow-up (either being as
single isolated microorganism or mixed with other PPB)
were considered cases (COPD-PsA group). Patients with
cultures resulting in other PPB different to PsA or growing
of usual respiratory flora were considered controls
(COPD-non-PsA group). Further, patients during the
follow-up who had invalid sputum sample or unable to
produce sputum with no previous sputum sample posi-
tive for PsA were considered as COPD-non-PsA. Patients
with COPD with non-respiratory comorbidity including
deteriorative cognitive function or psychiatric illness that
affected their mental capacity and substantially affected
the prognosis of the disease were excluded from the
study.

Procedures

All patients underwent clinical evaluation, pulmonary
function testing, chest X-ray and chest CT to rule out
bronchiectasis when suspected (>98% underwent CT

scan during hospitalisation or on follow-up). Detailed
drug history—namely long-acting B2 agonist, long-
acting antimuscarinic bronchodilators, and inhaled
ICS including the type of ICS and its dose modification
over the study duration—was taken. All the doses of ICS
were calculated as fluticasone propionate equivalents
where 100-250 pg daily dose was considered as low dose,
400-500 pg as medium dose and >1000 g as high dose."”
All acute exacerbations as defined by GOLD guide-
lines" and requiring hospital contact (as outpatients or
requiring an emergency visit or new hospitalisation) were
recorded. AECOPD was treated according GOLD guide-
lines."”” The patients were followed up after discharge
from the hospital initially after 2 weeks and later every 3
to 6 months as scheduled visits.

Sputum culture

A sputum sample was taken for microbiological evalua-
tion during hospitalisation for AECOPD for every patient
admitted, on follow-up if the patient had either previous
positive culture for PPB or at presentation with symptoms
of AECOPD. Respiratory samples were collected in sterile
containers within 24 hours of admission during hospital-
isation and on follow-up while presenting to the hospital
outpatient respiratory clinics. Samples were transferred
within 2hours to the microbiological laboratory for
Gram staining and bacterial culture. Sputum samples
were tested for viability of culture according to Murray-
Washington criteria.'® In case of non-viable sample,
another sputum sample was recollected. Patients who
were unable to give valid sputum sample during hospital-
isation, bronchoscopy was performed and bronchial aspi-
rate was collected. A sputum bacterial load >10°or bron-
chial aspirate bronchial load >10* colony forming units/
mL was considered as significant. The identified micro-
organisms were classified as PsA and other PPB including
Streptococcus pneumoniae, Haemophilus influenzae, Moraxella
catarrhalis, methicillin-susceptible or methicillin-resistant
Staphylococcus aureus and other Gram negative-bacilli.
Other micro-organisms such as Streptococcus viridans,
Staphylococcus epidermidis or Candida spp were considered
non-PPB.

Variables and outcomes

ExCOPD and mortality were recorded for every patient
during follow-up. The higher value of blood eosinophils
was recorded. New episodes of PsA infection, PPB infec-
tion or pneumonia during hospitalisation and follow-up
were also recorded. Further, the use of ICS and its dose
were also recorded during follow-up of patients for
further analysis.

Statistical analysis

Quantitative data were presented as mean+SD or median
and IQR according to its normal distribution, while qual-
itative data were presented as number and percentage
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(%). Unpaired Student’s t-test, Mann-Whitney U test and
x” tests were used as appropriate. Spearman correlation
coefficient was used to study the collinearity between
BEC, ICS and PsA infection. Bivariate and multivariate
Cox regression analysis were used to evaluate the hazard
factors associated with PsA infection as well as mortality.
Cox regression analysis was considered based on the fact
of the change of ICS use and dose—as a covariate—over
the follow-up duration of the study. A multivariate model
was built on the basis of the prescreening univariable
significance and the clinical relevance of covariates in the
initial comparisons according to the presence or absence
of PsA infection. The covariates were introduced in the
model manually where multiple multivariate models were
evaluated. The multivariate model with the best overall
goodness-of-fit was chosen. HR and 95% CI were shown.
In all Cox regression models, fluticasone propionate
equivalents ICS doses were considered for both groups
of patients. Kaplan-Meier survival analysis was plotted in
order to identify the survival probability among ICS users
during follow-up. A two-tailed p<0.05 was considered
statistically significant. SPSS package (V.22.0, IBM) was
used for all analyses.

RESULTS

Patient characteristics

The current study enrolled 358 patients with COPD after
discharge for an AECOPD and followed-up for a median
of 4 years (IQR=3-8). 173 patients (48.3%) had at least
one sputum with growing of PsA. Table 1 shows the base-
line and clinical characteristics of the studied COPD
population classified according to presence (COPD-PsA)
or absence of PsA infection (COPD-non-PsA).

Male constituted the majority of COPD-PsA and COPD-
non-PsA groups (86.7% and 69.7%, respectively, p<0.001;
table 1). There was no statistically significant difference
regarding age, smoking history, associated comorbidities,
modified medical research council (mMRC) dyspnoea
scale, history of AECOPD or pneumonia (p>0.05,
table 1); however, more frequent exacerbations and lower
forced expiratory volume in 1 s (FEV %) predicted were
detected among COPD-PsA group (p<0.00land 0.036
respectively, table 1). The majority of COPD-PsA group
were GOLD III and IV (46.8% and 28.1% respectively,
p=0.008; table 1). Bronchiectasis was more frequently
associated with PsA infection (26% vs 11.4%, p=0.001;
table 1). COPD-PsA group had more frequently detected
PPB compared with COPD-non-PsA group (4.49+4.66 vs
0.66+1.02, respectively, p<0.001; table 1). Inhaled antibi-
otics, either colistin or tobramycin, were more frequently
prescribed among COPD-PsA group (p<0.01, data not
shown). Systemic corticosteroids courses administrated
during AECOPD were significantly more frequent
among those with PsA infection rather than non-PsA
group (7.68+7.14 vs 5.39+5.50, p=0.001, table 1). Further,
mortality was higher among COPD-PsA throughout the
8 years of follow-up (69.4% vs 46.5%, p<0.001; table 1).

Inhaled corticosteroids

The use of ICS was not different between patients in the
COPD-PsA group when compared with COPD-non-PsA
(87.9% vs 82.7%, p=0.170, table 1). The daily dose of
ICS was significantly higher among COPD-PsA group
when compared with COPD-non-PsA infection (median
of 500 (IQR=250-1000) vs 400 (IQR=200-1000)pg /
day fluticasone propionate equivalents respectively,
p=0.007, table 1). Fluticasone propionate was the most
frequently used ICS, followed by budesonide (p=0.003,
table 1). On follow-up, there was a statistically signifi-
cant reduction of the daily ICS dose used in both groups
when compared with the doses at the time of enrolment
to the study (median of 400 (IQR=100-1000) vs 500
(IQR=200-1000) pg/day fluticasone propionate equiva-
lents, p<0.0001, online supplemental figure S1).

We found no statistically significant difference between
COPD-PsA and COPD-non-PsA groups regarding the
incidence of pneumonia (p=0.118, table 1). Further,
there was no association between the use of ICS and
pneumonia (p=0.858, data not shown). Moreover, BEC
was not different between ICS users and non-users
(270.8+318.4 vs 252.5+263.5, p=0.692).

Correlations

PsA infection positively correlated with BEC (r=0.381,
p<0.001, (online supplemental table S2) as well as ICS
dose (r=0.107, p=0.042, (online supplemental table S2);
but there was no correlation between PsA infection and
ICS use (r= -0.008, p=0.884 online supplemental table
S2). Further, there was neither correlation between BEC
and ICS dose nor BEC and ICS use (p>0.05, (online
supplemental table S2).

Regression and survival analysis

In the bivariate cox regression analysis, neither ICS use
nor the type of ICS nor the use of systemic corticoster-
oids during AECOPD (>3 courses throughout follow-up
duration) were independent risk factors associated to
PsA infection among patients with COPD (p>0.05; online
supplemental table SI1); however, the dose of ICS was a
statistically significant independent risk factor for PsA
infection (OR 1.15, 95% CI 1.04 to 1.28, p=0.009; online
supplemental table SI). Similarly, ICS use was not a risk
factor for development of pneumonia (HR 1.28, 95% CI
0.83 to 1.98, p=0.270); while the dose of ICS was a signifi-
cant weak risk factor for development of pneumonia (HR
1.12,95% CI 1.0 to 1.25, p=0.043).

Moreover, the daily dose of ICS, not its use, was a signif-
icant risk factor associated to PsA infection in multivar-
iate Cox regression analysis (HR 1.26, 95% CI 1.01 to
1.57, p=0.040, table 2) after correction for age, mMRC
dyspnoea scale, the degree of airway obstruction based
on GOLD classification and the use of systemic corti-
costeroids during AECOPD with cumulative hazard of
90% of acquiring PsA infection in case of high ICS dose
(figure 1) on follow-up.
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Table 1 Baseline characteristics of the COPD population classified according to PsA infection during the study duration

(2012-2020)

Character COPD-PsA COPD-non-PsA Sig.
(n=173, 48.3%) (n=185, 51.7%) (P value)

Age 73.63+8.43 73.29+9.71 0.729
Gender <0.001*

Male 150 (86.7) 129 (69.7)

Female 23 (13.3) 56 (30.3)
Smoking status

Active smoker 40 (23.1) 48 (26.2) 0.794

Ex-smoker 132 (76.3) 136 (73.2)

Non-smoker 1(0.6) 1(0.5)
Smoking index 64.14+30.42 59.94+30.49 0.207
Comorbidities 171 (99.4) 181 (97.8) 0.204
Associated bronchiectasist 45 (26) 21 (11.4) 0.001*
No of exacerbations 6.62+5.91 4.08+3.61 <0.001*
Associated pneumonia 82 (47.4) 76 (41.1) 0.118
mMRC dyspnoea scale 2.53+0.84 2.44+0.77 0.289
No of cultures with PBB+ 4.49+4.66 0.66+1.02 <0.001*
Baseline pulmonary function testing

FEV, % predicted 41.34+£17.7 45.2+16.53 0.036*

DLCO % predicted 41.46+17.21 43.9+19.16 0.301

RV 198.64+61.92 196.93+61.56 0.841
GOLD classification 0.008*

| 10 (5.8) 6 (3.3)

Il 33 (19.3) 62 (34.4)

Il 80 (46.8) 77 (42.8)

% 48 (28.1) 35 (19.4)
Medications
ICS 152 (87.9) 153 (82.7) 0.17
Type of ICS 0.003*

Fluticasone propionate 108 (62.4) 78 (42.2)

Fluticasone furoate 6 (3.5) 14 (7.6)

Beclomethasone 10 (5.8) 22 (11.9)

Budesonide 28 (16.2) 39 (21.1)
Dose of ICS§ 500 (250-1000) 400 (200-1000) 0.007*
LAMA 158 (91.3) 174 (94.1) 0.306
LABA 168 (97.1) 177 (95.7) 0.558
Theophylline 28 (16.2) 34 (18.4) 0.584
Roflumilast 8 (4.6) 5(2.7) 0.331
Courses of systemic corticosteroids 7.68+7.14 5.39+5.50 0.001*
Mortality 120 (69.4) 86 (46.5) <0.001*

*Significant p<0.05.

TBronchiectasis diagnosed based on CT taken either during hospitalisation or on follow-up of the patients.

FPositive sputum or bronchial aspirate culture for potential pathological bacteria.

§Fluticasone propionate equivalents (daily dose).

COPD, chronic obstructive pulmonary disease; DLCO, diffusion capacity for carbon monoxide; FEV,, forced expiratory volume in 1's; ICS,
inhaled corticosteroids; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified medical research
council; PsA, Pseudomonas aeruginosa; RV, residual volume.
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Table 2 Multivariate Cox regression analysis of predictors of acquiring PSA infection

95% CI for HR

B SE Df Sig. HR Lower Upper
Age 0.025 0.081 1 0.758 1.03 0.88 1.20
Basal mMMRC dyspnoea scale 0.340 0.112 1 0.002* 1.41 1.13 1.75
FEV,% predicted -0.182 0.088 1 0.038* 0.83 0.70 0.99
Systemic corticosteroids uset -0.254 0.187 1 0.175 0.78 0.54 1.12
ICS use -0.499 0.433 1 0.249 0.61 0.26 1.42
ICS doset 0.232 0.113 1 0.040* 1.26 1.01 1.57

*Significant p<0.05.

TSystemic corticosteroids use>3 courses during the follow-up duration (2012-2020).

FFluticasone propionate equivalents (daily dose).

FEV,, forced expiratory volume in 1 s; ICS, inhaled corticosteroids; mMMRC, modified medical research council; PsA, Pseudomonas

aeruginosa.

Patients with COPD using higher daily ICS dose, but
not the use of ICS, were also at 1.33 hazard of mortality
in multivariate cox regression analysis (95% CI 1.07 to
1.65, p=0.01, table 3) after being adjusted for age, nMRC
dyspnoea scale and FEV,% predicted as a measure of
airway obstruction severity. The use of ICS had a protec-
tive trend against mortality; however, it does not reach a
statistical significance (HR=0.55, p=0.172, table 3). Both
PsA infection and higher mMRC dyspnoea scale were
additional hazard factors of mortality (p<0.05). Further,
BEC 2>300cells/ul. was a protective factor against
mortality (HR 0.71, 95% CI 0.52 to 0.99, p=0.04). Kaplan-
Meier survival analysis showed that the high dose of ICS
was associated with significant worse survival of 25%
vs 50% compared with low-to-medium ICS dose users
(p=0.001, figure 2).

DISCUSSION
Severe ExCOPD are frequently infected by PsA at some
point in the natural course of their disease. EXCOPD are

INo ICS
, Low dose ICS (100-
59

250ug/day)
|, AMeéd:mdme ICS (400-500

Y,
. High dose ICS (>=1000
08 " ugfday)

0.0

DID 500‘.00 lDUIIJ .00 1 50{] .00 EDD('J .00 250‘0 .00 300’0 .00
Follow-up (days)
Figure 1 Hazard function analysis of dose of ICS
and its relation to acquiring PsA infection. ICS, inhaled
corticosteroids; PsA, Pseudomonas aeruginosa.

commonly treated with ICS and we have shown that the
presence of PsA in sputum is a marker of severity and
mortality. In an attempt to demonstrate an association
between PsA and ICS use, we show here that higher
dose of ICS was an independent risk factor for PsA infec-
tion but not the use of them. Moreover, patients with
continued use of high daily dose of ICS had worse survival
compared with low-to-medium ICS dose. Meanwhile, the
use of ICS was not associated with poorer survival, and in
fact, it seemed to be a protective factor against mortality
in multivariate analysis.

Previous studies

Almagro et al found that 16% of their AECOPD admis-
sions were caused by PsA infection and that PsA infection
was significantly related to posthospitalisation mortality
up to 3 years." Similarly, EKI6f et al found that PsA was
a strong independent risk factor for all causes of death
during AECOPD admissions and a cause of subsequent
hospitalisation on 2 years of follow-up of their patients
with COPD." Further, Jacobs et al found that those
outpatient COPD with PsA isolation had lower FEV %
predicted and were at higher risk of mortality compared
with negative PsA group.”’ Ni et al in their meta-analysis
found that the coexistence of COPD and bronchiec-
tasis was associated with higher rate of PsA infection.”!
Martinez-Garcia et al found that severe exacerbations
and severe airway obstruction were risk factors for first
PsA isolation among COPD cohort; while persistent PsA
infection was related to the presence of bronchiectasis
and severe persistent exacerbation as well as associated
with increased mortality.” Our results agree with these
studies as our COPD population with PsA had more severe
airway obstruction, more frequent exacerbations, higher
mortality and higher frequency of associated bronchiec-
tasis. We found also that PsA infection was a risk factor
of mortality in multivariate analysis which could be an
important factor explaining the higher mortality among
our COPD-PsA population. Further, we found that low
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Table 3 Multivariate Cox regression analysis of predictors of mortality among COPD population

95% ClI for HR

B SE Df Sig. HR Lower Upper
Age 0.088 0.077 1 0.253 1.09 0.94 1.27
Basal mMRC dyspnoea scale 0.348 0.102 1 0.001* 1.42 1.16 1.73
FEV,% predicted -0.097 0.081 1 0.231 0.91 0.78 1.06
Pseudomonas aeruginosa infection 0.464 0.165 1 0.005* 1.59 1.15 2.20
Blood eosinophils >300 cells/uL -0.340 0.166 1 0.040* 0.71 0.52 0.99
ICS use -0.593 0.435 1 0.172 0.55 0.24 1.30
ICS doset 0.283 0.110 1 0.010* 1.33 1.07 1.65

*Significant p<0.05.
TFluticasone propionate equivalents (daily dose).

COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in 1 s; ICS, inhaled corticosteroids; mMMRC, modified medical

research council.

lung function as expressed by FEVI% predicted was a risk
factor for acquiring PsA infection which is in accordance
with Martinez-Garcia et al.?

Interpretation of the results
Frequent antibiotic and oral corticosteroid courses used
commonly in the management of AECOPD'’ could cause
a microbiota modification that leads to isolation of PsA.?
ICS is recommended in the management of ExCOPD,"
but some controversies are present about the prescrip-
tion of ICS in stable COPD since ICS use has been linked
to increased risk of pneumonia in previous studies.'? %
Interestingly, in the current analysis, we found that
neither ICS use nor ICS type nor the use of systemic
corticosteroids during AECOPD was a risk factor associ-
ated to PsA infection. Conversely, the use of ICS showed a
protective trend against mortality in our studied ExCOPD
population. Additionally, ICS use was not associated with

|- No ICS

‘ Log rank=16.811, p=0.001
- Low-dose ICS (100-250

+4 ay)
_._&*'_*1 | Medum-dose ICS (400-500
H, day)
k! 1 High-dose ICS (=>1000
L [ ugday)
0.5 -~ No ICS-censored
o 1 i Low-dose ICS-censored
) - Medium-dose ICS-censored
h — - High-dose ICS-censored
z o I .
g 1 1
2 o6 Ot L[
8] \—Ll—\, 14
Ly
0.4 o A
e
Ly

s

T T
250000  3000.00

T T T
100000 150000 200000
Follow-up (days)

T T
00 500.00

Figure 2 Kaplan-Meier survival analysis according to the
dose of ICS among the patients with COPD throughout
the study (2012-2020) (log rank=16.811, p=0.001). COPD,
chronic obstructive pulmonary disease; ICS, inhaled
corticosteroids.

increased risk of pneumonia; however, high dose of ICS
was a weak risk factor for development of pneumonia
(HR=1.12). In line with our results, Garcia-Vidal et al
found that there is no relation between the use of ICS
and PsA infection in their COPD cohort.? However, ICS
use was linked to increased risk of pneumonia in previous
studies'” * especially the use of fluticasone propionate
compared with budesonide.?* # Martinez-Garcia et al
found that ICS increased the risk of pneumonia among
patients with COPD with low BEC (<100/uL) and it was
associated with chronic bronchial infection.?® We found
that there was no association between the use of ICS
and BEC in our severe COPD population; however, BEC
2300 cells/ulL was protective against mortality. Yang and
Yang found that increased blood eosinophils is associated
with decreased mortality in severe AECOPD.?

In addition, we found that high dose ICS is a strong
independent risk factor for acquiring PsA infection even
after adjustment to use of systemic corticosteroids as well
as for mortality. This could be explained on the basis
that ICS use, especially in high doses, is associated with
change of local airway defence mechanisms including
T-cells, alveolar macrophages and various signalling cyto-
kines.'® 3% Garcha et al found that airway bacterial load
in stable COPD is related to higher dose of ICS use.”’
Similarly, Contoli ¢t alfound that 1year of high-dose flut-
icasone propionate use among stable COPD was associ-
ated with significant increase of sputum total bacterial
load specially referred to Streptococcus pnewmoniae and
Haemophilus inﬂuenzae.16 Further, Hakansson et al found
in bronchiectasis patients that PsA isolation was more
frequent among those using ICS and that higher ICS
dose was associated with mortality.”'

Clinical implications

Our data could reinforce the concept that, by itself,
the use of ICS in ExCOPD are of benefit regardless the
infectious aetiology based on the improvement of their
survival.
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In addition, our data discourage the use of high doses
of ICS in ExCOPD, since itwas directly linked to increased
risk of PsA infection and mortality. Current guidelines
recommend the use of the lowest effective ICS dose® >
and to consider the benefit-risk balance before initiating
an ICS prescription. Previous reviews showed a relatively
flat dose-response curve for ICS-clinical response and
a steep dose-response for ICS-side effects.” > Both the
Informing the Pathway of COPD Treatment (IMPACT)
study” and TRIBUTE study” used low-medium doses
of ICS and found that there was a significant reduction
of moderate-to-severe AECOPD with no increased risk
of pneumonia after 52 weeks of therapy. Interestingly,
in line with our data, a recent study by EkIof et al found
that ICS was a risk factor for acquiring PsA infection as a
dose-dependent risk compared with those not using ICS
in severe COPD Danish cohort.”®

Limitations

The current study has some limitations. First, we did not
study the underlying mechanisms of increasing mortality
among COPD-PsA population using ICS. However,
increased airway inflammation caused by PsA and its high
virulence in terms of biofilm formation and resistance of
airway-mediated clearance mechanism could be possible
mechanisms among ExCOPD patients.gg_41 Second, an
overlap between the airway colonisation and new airway
infection could be present as we did not analyse separately
those with chronic bronchial infection. However, lower
airways bacterial colonisation is associated with frequent
AECOPD and could modulate the characteristics of the
exacerbation.”” Lastly, we used only ordinary microbio-
logical culture rather than quantitative PCR for bacterial
detection in the current study. Microbiological detection
in the airways using molecular techniques could be more
accurate and discriminatory™; however, it is costly and
not available in all centres. To our knowledge, this is the
first case—control study with longitudinal follow-up that
demonstrates that not ICS use, but ICS dose is associated
to PsA infection in frequent exacerbator COPD patients.

CONCLUSIONS

ICS dose could be an important risk factor for PsA infec-
tion in ExCOPD but not its use. Further, high ICS dose is
an independent risk factor for mortality. Moreover, PsA
infection is another important risk factor for mortality
among those patients. However, further studies are still
required to evaluate the relationship between ICS and
PsA infection in patients ith COPD.
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