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Methods: Aretrospective cohort study was performed. All patients with COPD and respiratory isolation of
Aspergillus spp. over a 12-year period were included. Patients were assigned to 2 categories: colonisation

Keyworlclis: and pulmonary aspergillosis (PA), which includes the different clinical forms of aspergillosis. A binary
ég’lf];gl us logistic regression model was performed to identify the predictive factors of PA.

Invasive pulmonary aspergillosis Re.sults: A tota.l of 123 pati(.ents were included in the s.tudyz 48 (39.0%) with cplonisation and 75 ((.51.0‘.’/0)
Colonization with PA: 68 with probable invasive pulmonary aspergillosis and 7 with chronic pulmonary aspergillosis.
Risk factors Spirometric stages of the GOLD classification were not correlated with a higher risk of PA. Four indepen-
dent predictive factors of PA in COPD patients were identified: home oxygen therapy (OR: 4.39; 95% CI:
1.60-12.01; p=0.004), bronchiectasis (OR: 3.61; 95% CI: 1.40-9.30; p=0.008), hospital admission in the
previous three months (OR: 3.12; 95% CI: 1.24-7.87; p=0.016) and antifungal therapy against Candida
spp. in the previous month (OR: 3.18; 95% CI: 1.16-8.73; p=0.024).

Conclusions: Continuous home oxygen therapy, bronchiectasis, hospital admission in the previous three
months and administration of antifungal medication against Candida spp. in the previous month were

associated with a higher risk of pulmonary aspergillosis in patients with COPD.
© 2019 Elsevier Espafia, S.L.U. and Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia
Clinica. All rights reserved.

Factores clinicos asociados a enfermedad pulmonar por Aspergillus spp. en
pacientes con enfermedad pulmonar obstructiva cronica

RESUMEN

Palabras clave: Objetivo: Conocer las caracteristicas clinicas y epidemiolégicas de los pacientes con enfermedad pul-
Aspergillus monar obstructiva crénica (EPOC) y aislamiento de especies de Aspergillus en muestra respiratoria e
EPOC

L . . identificar factores que nos ayuden a diferenciar entre colonizacién e infeccién.
Aspergilosis pulmonar invasiva

Colonizacién
Factores de riesgo
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Meétodos: Estudio de cohortes retrospectivo en el que se incluyeron todos los pacientes con EPOC y ais-
lamiento de Aspergillus spp. en muestra respiratoria durante un periodo de 12 afios. Se asignaron los
pacientes a 2 categorias: colonizacién y aspergilosis pulmonar (AP), que incluye las diferentes formas
de presentacion clinica. Se aplicé un modelo de regresién logistica binaria para identificar los factores
predictores de desarrollo de AP.

Resultados: Un total de 123 pacientes fueron incluidos en el estudio: 48 (39%) colonizados y 75 (61%) con
AP: 68 con AP invasiva probable y 7 con AP crénica. No hubo correlacién entre el riesgo de APy los estadios
espirométricos de la clasificacion GOLD. Se identificaron como factores predictores independientes de
AP en pacientes con EPOC la oxigenoterapia domiciliaria (OR: 4,39; IC 95%: 1,60-12,01; p=0,004), las
bronquiectasias (OR: 3,61;1C95%: 1,40-9,30; p=0,008), 1a hospitalizacién en los 3 meses previos al ingreso
(OR: 3,12;1C95%: 1,24-7,87; p=0,016) y la terapia antifliingica frente a Candida spp. en el mes previo (OR:
3,18; IC 95%: 1,16-8,73; p=0,024).

Conclusiones: La oxigenoterapia continua domiciliaria, las bronquiectasias, la hospitalizaciéon en los 3
meses previos al ingreso y la utilizacién de terapia antiftingica frente a Candida spp. en el mes previo se
asocian a mayor riesgo de AP en pacientes con EPOC.

© 2019 Elsevier Espaiia, S.L.U. y Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia Clinica.

Todos los derechos reservados.

Introduction

Pulmonary aspergillosis (PA) is an infection caused by a fila-
mentous fungus of the genus Aspergillus with different forms of
clinical presentation depending on the immune status and the
presence of underlying lung disease: colonisation, allergic bron-
chopulmonary aspergillosis, non-invasive chronic lung forms and
invasive forms.!? Invasive PA (IPA) classically affects patients with
immunosuppression, such as severe neutropenia, haematological
malignancies or patients who have undergone a transplantation.>#
In recent years, an increase in the number of infections caused by
this fungus has been observed in patients with a lower degree of
immunosuppression, such as patients with lung diseases receiving
corticosteroids, cancer, elderly individuals with prolonged hospi-
talisations or stays in intensive care units.”~’ Chronic obstructive
pulmonary disease (COPD) that has received corticosteroids and
antibiotics is the most frequent IPA risk group nowadays in hos-
pitalised non-neutropenic patients.® Several factors involved in
the progression of COPD have been linked to an increased risk of
IPA.8° In this group of patients, the meaning of the isolation of
Aspergillus spp. in a respiratory sample is controversial. It is ques-
tioned whether colonisation could be a temporary state, a chronic
carrier with a benign course or an early sign of invasive disease.!%!!
Various factors such as a high percentage of colonisations, a less
aggressive and less specific clinical presentation or the absence of
invasive diagnostic tests, make it difficult to differentiate between
fungal disease and colonisation, which implies a delay in diagno-
sis. Bulpa et al. have proposed the criteria of possible, probable
and proven IPA in patients with COPD.!2 On the other hand, we
know that early diagnosis and treatment are crucial to improve the
prognosis of the disease.!213

The objective of this study was to identify factors that help us dif-
ferentiate between colonisation and fungal lung disease in patients
with COPD and respiratory isolate of Aspergillus spp.

Material and methods
Study design

A retrospective cohort study was conducted in an 84-bed
hospital in Ribeira (A Coruiia, Spain) with a reference popula-
tion of 65,000 inhabitants. This hospital has a 41-bed Internal
Medicine hospitalisation ward without critical or transplant units.
All patients with isolation of Aspergillus spp. in a respiratory sam-
ple for a period of 12 years (from 1 January 2007 to 31 December
2018) were included. Respiratory samples were examined by Gram
staining and evaluated according to the Murray and Washington

criteria. Those belonging to group 4 (10-25 epithelial cells and
>25 leukocytes) and group 5 (<10 epithelial cells and >25 leuko-
cytes) were considered valid.

The variables collected were: age, gender, Charlson index,
comorbidities, stage of severity of COPD, clinical phenotype,
previous structural lung changes, continuous home oxygen
therapy (CHOt), systemic steroids and antibiotic therapy in
the three months prior to admission and during the pre-
isolation episode, taking nystatin or fluconazole in the previous
month, hospitalisations in the previous year, exacerbations
that led to admission or emergency care in the last year,
days from admission to isolation, microbiological, radiological
and laboratory data, antifungal treatment, clinical course and
mortality.

For the assessment of the degree of comorbidity we used
the Charlson comorbidity index.' In patients with COPD, the
classification was performed according to the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) guidelines!> and
the clinical phenotype according to the Spanish COPD guide-
line (GesEPOC).'® The use of systemic steroids was defined as
taking steroids for at least 48h. Additionally, the cumulative
dose and the mean daily dose of prednisone or equivalent were
calculated. We defined combined broad-spectrum antibiotic ther-
apy as the combined use of antibiotics with coverage against
3rd generation cephalosporin-resistant gram-negative bacillus
and fluorquinolones and methicillin-resistant gram-positive bac-
teria. Respiratory samples were processed by the Microbiology
Department of the reference hospital, performing standard pro-
cedures that included Gram staining and culture in Sabouraud
medium for fungal isolation. The samples were incubated at
between 32 and 37°C and fungal colonies were identified by
macro- and microscopic methods and mass spectrometry from
2012. Serum galactomannan was determined using the Platelia
Aspergillus EIA test (Bio-Rad Laboratories, France, Ref. 62794),
according to the manufacturer’s recommendations: an index >0.5
is considered positive. The Ouchterlony immunodiffusion method
(Microgen Bioproducts) was used to detect serum precipitins
against Aspergillus. The radiological tests were reviewed by the
same radiologist to try to minimise the disparity of criteria. The
patients were assigned to two categories: (a) colonisation (patients
with isolation of asymptomatic Aspergillus spp. or with new res-
piratory symptoms with good clinical evolution with appropriate
antibiotic) and (b) PA (considering the criteria of Bulpa et al.!2
for IPA regardless of GOLD stage and those of Denning et al.!” for
chronic forms: aspergilloma, chronic cavitary PA, chronic necro-
tising PA). There was no case of possible IPA (since isolation of
Aspergillus spp. was required as a criterion to be included in the
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Table 1
Epidemiological data and comorbidities of the patients included in the study according to diagnostic category.
Variables Total Colonisation PA Univariate analysis
n (%) n (%) n (%) OR 95% ClI p
Male 99 (80.5) 38(79.2) 61 (81.3) 1.14 0.46-2.84 0.767
Age (mean+SD) 75+7 76+£7 75+7 0.395
Comorbidity
Charlson (mean =+ SD) 35+23 3.7+23 33+23 0.275
Coronary heart disease 18 (14.6) 8(16.7) 10(13.3) 0.76 0.28-2.11 0.610
Heart failure 58 (47.2) 26 (54.2) 32(42.7) 0.63 0.30-1.30 0.213
Diabetes 30(24.4) 16(33.3) 14 (18.7) 0.45 0.19-1.05 0.065
Kidney failure? 19(15.4) 6(12.5) 13(17.3) 1.46 0.51-4.16 0.469
Liver disease 8(6.5) 5(10.4) 3(4) 0.35 0.08-1.57 0.260
Cerebrovascular disease 20(16.3) 6(12.5) 14 (18.7) 1.60 0.57-4.51 0.366
Neoplasms 20(16.3) 8(16.7) 12(16) 0.95 0.35-2.53 0.922
Respiratory comorbidity
Structural change 105 (85.4) 36(75) 69 (92) 3.83 1.32-11.06 0.009
Bronchiectasis 81 (65.9) 25(52.1) 56 (74.7) 2.71 1.25-5.85 0.010
Exacerbator phenotype 103 (83.7) 38(79.2) 65 (86.7) 1.71 0.65-4.48 0.272
CHOt 46 (37.4) 8(16.7) 38 (50.7) 513 2.12-12.42 <0.001
Severity classification according to GOLD
Stage | 13(10.6) 6(12.5) 7(9.3) 0.489
Stage Il 62 (50.4) 27 (56.2) 35(46.7)
Stage Il 32(26) 11(22.9) 21(28)
Stage IV 16 (13) 4(8.3) 12(16)
Stage III-1V 48 (39) 15(31.2) 33 (44) 0.157
Classification according to GesEPOC
A (non-exacerbator) 15(12.2) 9(18.8) 6(8) 0.034
B (mixed COPD-Asthma) 20(16.3) 6(12.5) 14 (18.7)
C (acute emphysema) 29 (23.6) 6(12.5) 23(30.7)
D (chronic acute bronchitis) 59 (48) 27 (56.2) 32(42.7)
Total 123 48 75

CHOt: continuous home oxygen therapy; CI: confidence interval; OR: odds ratio; PA: pulmonary aspergillosis; SD: standard deviation.

Significant values are highlighted in bold.
2 Glomerular filtration rate <45 ml/min.

study). All patients were followed up until the end date of the study
or death.

Statistical analysis

Frequencies and percentages were calculated for qual-
itative variables. Quantitative variables were expressed as
mean + standard deviation. The comparison of quantitative vari-
ables was performed using a Student’s t-test (for variables with
normal distribution) and Mann-Whitney U test (for variables with
non-normal distribution). The qualitative variables were compared
using the chi-square test or Fisher’s exact test. The degree of associ-
ation was estimated using the odds ratio (OR) with a 95% confidence
interval (95% CI). A binary logistic regression analysis (successive
step procedure)was performed to study which variables were inde-
pendent predictors of developing lung disease due to Aspergillus
spp. The presence of PA was assigned as a dependent variable and
independent variables were those that presented significant differ-
ences (p <0.05) in the bivariate analysis. The absence of significant
collinearity has been confirmed through the inflation factor of the
variance between the variables included in the model. To assess
mortality, survival curves were drawn using the Kaplan-Meier
method at the end of the follow-up period and at 120 days. Sta-
tistical analysis was carried out using the Statistical Package for
the Social Sciences (SPSS) program for Windows version 18.0 (SPSS
Inc., an IBM Co. Chicago, Illinois, USA).

Ethical considerations

We obtained the approval of the ethics committee of the centre
for the use of medical data. Anonymity and confidentiality were
guaranteed at all times, as well as data protection.

Results

A total of 123 patients with isolation of Aspergillus spp. in res-
piratory sample were included: 48 patients were colonisations
and 75 PA: 68 probable IPA, one aspergilloma, 5 chronic necro-
tising PA and one chronic cavitary PA. The incidence of isolation of
Aspergillus spp. was one case for every 200 admissions in Inter-
nal Medicine/year and its distribution in the last 12years was
similar (mean 10 cases/year). Most of the isolates were in spu-
tum, with Aspergillus fumigatus being the most frequently isolated
species in 111 patients (90.3%), followed by Aspergillus niger in
nine (7.3%), Aspergillus terreus in two (1.6%) and Aspergillus spp. in
eight (6.5%). The determination of serum galactomannan was per-
formed in 34 patients (27.7%), with it being positive only in five.
The mean follow-up time after isolation was 1.251 days for coloni-
sation (range 37-4.092 days) and 176 days for PA (range 1-3.603
days).

Descriptive analysis

Table 1 shows the epidemiological data and comorbidities of the
patients in our study. The mean age was 75 and the majority were
male. Previously, 85.4% of the patients had structural lung changes
(bronchiectasis 65.9%, bullae-cavities 14.6%, interstitial lung dis-
ease 8.1%, lung surgery 4.9% and pleural disease 16.3%), with them
being more common in PA. No significant differences were found
between the groups with respect to other comorbidities or in the
severity of COPD according to the GOLD spirometric classification.
In contrast, greater use of CHOt devices was observed (50.7 vs.
16.7%; p<0.001) in patients with PA.

Table 2 shows the data related to the use of steroids, antibi-
otics, antifungals and previous hospitalisations. Patients with PA
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Table 2
Risk factors included in the study according to diagnostic category.
Variables Total Colonisation PA Univariate analysis
n (%) n (%) n (%) OR 95% CI D
Steroid treatment
Inhaled steroids 109 (88.6) 41 (85.4) 68 (90.7) 1.65 0.54-5.06 0.371
Steroids 3 m preadmission 83(67.5) 25(52) 58(77.3) 2.93 1.29-6.69 0.009
Cumulative dose 3 m 1161 +1067 683 +£772 1375+1116 0.001
>100 mg 81 (65.8) 25(52) 56 (74.6) 2.50 1.11-5.60 0.024
>700 mg 49 (39.8) 10(20.8) 39 (52) 3.90 1.68-9.05 0.001
>20 mg/day 75 (61) 22 (45.8) 53 (70.6) 2.65 1.21-5.80 0.014
Steroids admission-isolation 115(93.5) 43 (89.5) 72 (96) 1.67 0.10-27.46 1.000
Cumulative dose 977+ 834 6494511 1173+927 0.001
>100 mg 112 (91) 41 (85.4) 71 (94.6) 2.59 0.41-16.19 0.363
>700 mg 62 (50.4) 17 (35.4) 45 (60) 2.55 1.18-5.50 0.016
>20 mg/day 114 (92.6) 42 (87.5) 72 (96) 3.42 0.30-38.96 0.555
Antibiotic (AB) treatment
AB 3m preadmission 101 (82.1) 34(70.8) 67 (89.3) 3.44 1.31-9.02 0.009
AB admission-isolation 117 (95.1) 44 (91.6) 73 (97.3) 1.55 0.12-25.45 0.956
CBSAT® 3 m preadmission 11(8.9) 1(2) 10(13.3) 7.23 0.89-58.43 0.049
CBSAT® admission-isolation 40 (32.5) 6(12.5) 34 (45.3) 5.52 2.08-14.65 <0.001
Antibiotics (AB) class
Carbapenem 54 (43.9) 10(20.8) 44 (58.7) 539 2.34-12.42 <0.001
Piperacillin-Tazobactam 40 (32.5) 8(16.7) 32(42.7) 3.72 1.53-9.02 0.003
Fluoroquinolones 107 (87) 40 (83.3) 67 (89.3) 1.67 0.58-4.81 0.335
B-lactams group 1° 77 (62.6) 26 (54.2) 51 (68) 1.79 0.85-3.79 0.122
Aminoglycosides 17 (13.8) 5(104) 12(16) 1.63 0.53-4.98 0.381
Glycopeptides 13(10.6) 4(8.3) 9(12) 1.50 0.43-5.17 0.519
TMP-SMX 45 (36.6) 8(16.7) 37 (49.3) 4.86 2.01-11.78 <0.001
Linezolid 11(8.9) 1(2.1) 10(13.3) 7.23 0.89-58.43 0.049
Previous antifungal treatment
Nystatin/Fluconazole one month prior 44 (35.8) 8(16.7) 36 (48) 4.61 1.90-11.17 <0.001
Hospitalisation and previous exacerbations
No. of days since last admission 88+96 135+110 62+79 0.002
Hospitalisation 3 m previous 60 (48.8) 14 (29.2) 46 (61.3) 3.85 1.77-8.37 <0.001
Last hospitalisation 1st month 41 (33.3) 8(16.7) 33(44) 3.92 1.62-9.52 0.002
Last hospitalisation 2nd month 14(11.4) 5(10.4) 9(12) 1.17 0.36-3.73 1.000
Last hospitalisation 3rd month 5(4.1) 1(2.1) 4(5.3) 2.64 0.28-24.43 0.647
No. exacerbations/year 23+14 22+1.5 24+14 0.451
No. of days admission-isolation 11+£11 645 13+13 0.004
Total 123 48 75

CI: confidence interval; mg: milligrams; OR: odds ratio; PA: pulmonary aspergillosis; TMP-SMX: trimethoprim-sulfamethoxazole; 3 m: 3 months; 1 m: 1 month.

Significant values are highlighted in bold.

3 CBSAT: Combined broad-spectrum antibiotic therapy that includes antibiotics with coverage against Gram-negative problem bacillus and Gram-positive methicillin-

resistant cocci.

b B-lactams group 1: includes 2nd and 3rd generation amoxicillins and cephalosporins.

had received antibiotics and steroids more frequently in the three
months prior to admission and a higher cumulative dose. Consider-
ing the period from admission to isolation, the frequency of steroid
and antibiotic use is similar, but the use of broad-spectrum antibi-
otics and the cumulative dose of prednisone were higher in patients
with PA. The use of antifungals against Candida albicans (nystatin or
fluconazole) in the previous month was also higher in patients with
PA. The percentage of patients hospitalised in the three months
prior to admission was higher in patients with PA, although there
were no differences in the number of exacerbations in the previous
year.

Table 3 shows the diagnostic studies performed. Regarding the
analytical parameters, greater leukocytosis was observed (64 vs.
41.6%; p=0.020), increased ESR (42 vs. 24mm/h; p=0.091) and
hyponatraemia (29.3 vs. 12.5; p=0.034) in the PA group without
differences in haemoglobin, platelets, C-reactive protein, creati-
nine, lactate dehydrogenase and albumin. The presence of hyphae
was higher in PA (62.7 vs. 29.2%; OR: 4.07; 95% Cl. 1.87-8.88;
p<0.001) and the coexistence with other microorganisms in the
episode was similar in both groups (53.3 vs. 43.8%; p=0.300) with
the most frequently isolated pathogens being: Stenotrophomonas

maltophilia, Pseudomonas aeruginosa, methicillin-resistant Staphylo-
coccus aureus and Escherichia coli.

Table 4 shows the progression of the patients included in
the study. Of the patients with PA, no antifungal treatment
was performed in 11 patients (six diagnostic errors, four post-
mortem results and one non-treatment decision); they all died.
The rest received voriconazole alone (39 patients; 52%), voricona-
zole with switch to itraconazole (10 patients; 13.3%), caspofungin
or amphotericin with switch to voriconazole (4 patients; 5.4%)
or itraconazole alone (11 patients; 14.7%). The delay in the start
of treatment was 11+17 days (median 5 days). Fig. 1 shows
the survival curves at 120 days and at the end of the follow-
up period. Mortality related to Aspergillus spp. at the end of the
episode was higher in the PA group (46.7 vs. 2.1%; p<0.001) as
was the hospital stay and readmissions within three months after
discharge.

During the follow-up of the colonised patients, PA was revealed
in 21.2% (nine probable IPA and one chronic necrotising PA)
with a mortality attributed to this cause of 70%, with the mean
time since the index episode being 648 days (range 394-3.347
days).
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Table 3
Diagnostic procedures performed.
Variables Total Colonisation PA Univariate analysis
n (%) n (%) n (%) OR 95% ClI p
Microbiology
Sputum 117(95.1) 48 (100) 69(94.2) 0.133
BAS/BAL (bronchoscopy) 5(4.1) 0 5(6.7)
Biopsy 1(0.8) 0 1(1.3)
Hyphae 61(49.6) 14(29.2) 47(62.7) 4.07 1.87-8.88 <0.001
Determination serum GM 34(27.7) 2(4.2) 32(42.7)
Determination precipitins 28(22.8) 2(4.2) 26(34.7)
Radiology
No. of patients with chest X-ray 123 (100) 48 (100) 75 (100)
Infiltrates/Consolidation 61(49.5) 13(27.0) 48 (64)
Nodules 8(6.5) 1(2) 7(9.3)
Cavitations 5(4.1) 0 5(6.6)
No. of patients with chest CT 65(52.8) 9(18.8) 56(74.7)
Infiltrates/Consolidation 39 (60) 3(33.3) 36(64.2)
Nodules 16(24.6) 2(22.2) 14 (25)
Cavitations 3(4.6) 0 3(5.3)
Micronodules 11(16.9) 0 11(19.6)
Centrilobular nodules 10(15.3) 0 10(17.8)
Tree-in-bud 23(35.3) 0 23(41)
Ground glass 20(30.7) 2(22.2) 18(32.1)
Halo sign 5(7.6) 0 5(8.9)
Half-moon sign 0 0 0
Total 123 48 75

BAL: bronchoalveolar lavage; BAS: bronchial aspirate; CI: confidence interval; CT: computed tomography GM: galactomannan; No.: number; OR: odds ratio; PA: pulmonary

aspergillosis; Rx: X-ray.
Significant values are highlighted in bold.

Table 4
Evolution of patients included in the study.
Variables Total Colonisation PA p
n (%) n (%) n (%)
Mortality at the end of the episode
Alive 87 (70.7) 47 (97.9) 40 (53.3) <0.001
Dead 36(29.3) 1(2.1) 35(46.7)
Mortality at the end of the follow-up period
Alive 41(33.3) 19(39.6) 22 (29.3)
Total deaths 82 (66.7) 29(60.5) 53(70.7) <0.001
Related death 50 (40.7) 8(16.7) 42 (56)
Death from other cause 32(26) 21 (43.8) 11(14.7)
Other
Hospital stay 34431 16+9 32420 <0.001
30-day readmission 25(24.3) 7 (14.6) 18 (32.7) 0.032
90-day readmission 43 (44.3) 13 (27.7) 30 (60) 0.001
Total 123 48 75

PA: pulmonary aspergillosis.
Significant values are highlighted in bold.

Factors associated with lung disease due to Aspergillus spp.:
multivariate analysis

In our study we found that CHOt (OR: 4.39; 95% CI: 1.60-12.01;
p=0.004), bronchiectasis (OR: 3.61; 95% CI: 1.40-9.30; p=0.008),
hospitalisation in the three months prior to admission (OR: 3.12;
95%Cl: 1.24-7.87; p=0.016) and antifungal therapy against Candida
spp. in the previous month (OR: 3.18; 95% CI: 1.16-8.73; p=0.024)
are statistically significant and independently associated with the
presence of lung disease due to Aspergillus spp. (Table 5).

Discussion

Aspergillus spp. lung infections in patients with COPD can be
serious, reaching mortality figures similar to neutropenic patients
according to the series.'® On the other hand, the significance of an
isolation of Aspergillus spp. in a respiratory sample remains contro-
versial. The high comorbidity and fragile situation of COPD patients

makes it difficult to perform invasive tests and this forces us to
look for other factors that help us differentiate between colonisa-
tion and PA in order to make an early diagnosis. In our study, CHOt,
bronchiectasis, hospitalisation in the three months prior to admis-
sion and the use of nystatin or fluconazole in the previous month
are independent risk factors for PA.

Recent studies have shown that sputum samples or bronchial
secretions are just as useful for demonstrating IPA as those obtained
by BAL.'” Bouza et al. observed that the probability of IPA increased
with the number of samples in which the fungus was isolated.!! In
our study, most of the samples were sputum, with the average being
2.6 positive samples.

Another important aspect is knowing which patients with COPD
have a higher risk. The existence of a structural lung change can
be an important substrate for Aspergillus spp. We have observed
that the presence of bronchiectasis is greater in patients with
PA, with a risk 3.6times greater. Previous studies have also
indicated that patients with more severe COPD have a greater



S. Molinos-Castro et al. / Enferm Infecc Microbiol Clin. 2019;38(1):4-10 9

A L B e A A 4 | Colonisation
or disease
! ~~Colonisation
_ 0,8+ W —IDisease
[ ,
2 +—Colonisation-
c : censored
> T 2 .
a g N i~ Disease-
o 2 censored
= +
©
E
S 044
(@]
0,2
0,0
T T T T T T T
0 20 40 60 80 100 120
Days from first isolation to
120 days or death
B . Colonisation
1,04 g ,
3 or disease
}’ "’+-_ "~ Colonisation
0,8 X I Disease
{— Colonisation-
: censored
A : |- Disease-
06 \ %-t, censored
L o
\ H+
0,4 f=n
— !
B! b
s TN '
0,2 “ = e
0,0
I U | 1 I 1
0 1000 2000 3000 4000 5000

Days from first isolation to
the current day or death

Fig. 1. Kaplan-Meier survival curves for patients colonised by Aspergillus and pul-
monary aspergillosis 120 days after isolation (A) and at the end of the follow-up
period (B) (Log Rank test, p<0.001).

susceptibility to developing PA.2°2! However, we have not
observed these differences when using the GOLD 2017 classifica-
tion, based on spirometry, but the use of CHOt is more frequent
among those who are diagnosed with PA. This could be explained
because in the previous classifications chronic respiratory failure
was included directly in stage 1v, regardless of FEV1. It is possible
that other indications of oxygen therapy coexist, which are a con-
founding factor, so we consider that specific studies are necessary.

On this substrate, a patient with COPD with structural pathol-
ogy, other factors that favour the proliferation of Aspergillus spp.
such as steroids, could act. Some authors have reported that steroid

Table 5
Variables included in the multivariate analysis to predict pulmonary aspergillosis.

treatment is associated with an increased risk of PA.82223 In our
study, this is so when considering the three months prior to admis-
sion; however, there is no difference between the groups during
the pre-isolation admission and this variable is not supported in
the multivariate analysis. We believe that this may be due to the
high frequency of steroid administration in patients with COPD
exacerbation. The cumulative doses in both periods are also higher
in patients with PA. Another risk factor discussed is the use of
prior antibiotic therapy.®?> We have seen that patients with PA
have received antibiotics more frequently in the three months
prior to admission. On the other hand, during the index episode
there are no differences in the overall use of antibiotics, but in
terms of type, and it is more frequent in patients with PA who
have received broad-spectrum antibiotics. It is complex to inter-
pret these data, because we cannot attribute causality, and it could
be a reflection of the poor clinical evolution of the patient, which
led to antibiotic escalation prior to the isolation of Aspergillus
spp.

Other factors such as hospitalisation in the three months prior
to admission or the use of nystatin or fluconazole in the previ-
ous month have shown significant differences, with a three-fold
greater risk of presenting PA. These patients often require pro-
longed hospitalisations and frequent use of corticosteroids and
antibiotics. This can cause the appearance of Candida spp. infections
and, consequently, the use of nystatin or fluconazole, both with-
out activity against Aspergillus spp. The use of these drugs could
cause a decrease in colonisation by Candida spp. thus favouring
the proliferation of Aspergillus spp., as has been shown in other
studies.?42>

Typical radiological abnormalities of IPA are rare in these
patients. Stergiopoulou et al. have described the histological
lesions that explain the radiological alterations (infiltrates and nod-
ules without the halo sign) observed in COPD patients receiving
corticosteroids.2® In our study, the most frequent radiological alter-
ations were infiltrates and nodules; we only found the halo sign in
five patients.

Another important aspect to highlight is the high frequency
of association with other pathogens already described by other
authors.® In 40 (53.3%) of the 75 patients with PA another pathogen
was isolated, with the appropriate antibiotic and poor clinical
response.

Mortality in our series reached figures of 46.7% at 120
days, increasing to 56% when we prolonged the follow-up. It
should be noted that all cases that did not receive antifungal
treatment died and that 21.2% of the colonised cases devel-
oped PA in subsequent years with an attributable mortality
of 70%. Therefore, we believe that an early start of treatment
with effective drugs, such as voriconazole, once the suspicion
is established, in these patients and a follow-up of colonised
patients is important, especially if other risk factors for PA are
added.

Variables Bivariate analysis Multivariate analysis
OR 95% CI p OR 95% CI p

Bronchiectasis 3.83 1.32-11.06 0.009 3.61 1.40-9.30 0.008
Continuous home oxygen therapy 5.13 2.12-12.42 <0.001 4.39 1.60-12.01 0.004
Hospitalisation 3 months preadmission 3.85 1.77-8.37 <0.001 3.12 1.24-7.87 0.016
Corticosteroids 3 months preadmission 293 1.29-6.69 0.009

Antibiotics therapy 3 months preadmission 3.44 1.31-9.02 0.009

Antifungal therapy against Candida spp. 4.61 1.90-11.17 <0.001 3.18 1.16-8.73 0.024
Gender 1.14 0.46-2.84 0.767

Age 0.395

CI: confidence interval; OR: odds ratio.
Significant values are highlighted in bold.
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Strengths and limitations

Our study presents the limitations of a retrospective study
where the results depend on the quality of the data collected. Per-
haps the most important limitation is that most patients have no
histological confirmation and isolation was done in sputum sam-
ples. This could lead to errors in the categorisation of patients.
Another limitation is that not all patients have had CT and galac-
tomannan performed during the episode, which makes it difficult
to speculate about their value in the diagnosis of PA.

As strengths, it should be noted that they are patients with COPD,
a population at risk that is becoming increasingly important and is
little studied, and the size of the series is considerable. In addition,
the factors found are clinical factors that are easy to obtain due
to the clinical history without the need for invasive procedures in
patients with high comorbidity.

Conclusions

In patients with exacerbation of COPD and isolation of
Aspergillus spp. in a respiratory sample that does not improve
despite adequate antibiotic and steroid treatment, CHOt,
bronchiectasis, hospitalisation in the three months prior to
admission and the use of antifungals against Candida spp. in the
previous month there is an association with an increased risk of
presenting PA. Thus, with a patient in these circumstances, we
should suspect infection by said fungus and consider starting an
antifungal treatment early.

Funding

This research did not receive specific financial assistance from
public sector agencies, the commercial sector or non-profit organ-
isations.

Conflicts of interest
The authors declare that they have no conflicts of interest.

References

1. Soubani AO, Chandrasekar PH. The clinical spectrum of pulmonary aspergillosis.
Chest. 2002;121:1988-99.

2. Forttn], Meije Y, Fresco G, Moreno S. Aspergillosis. Clinical forms and treatment.
Enferm Infecc Microbiol Clin. 2012;30:201-8.

3. Motll6 C, Ferra C, Lépez L, Morgades M, Batlle M, Ribera JM. Tratamiento de
rescate con infliximab de la enfermedad injerto contra el huésped resistente a
corticoides. Med Clin (Barc). 2011;137:115-8.

4. Perea S, Patterson TF. Invasive Aspergillus infections in hematologic malignancy
patients. Semin Respir Infect. 2012;17:99-105.

5. Wanderwoude KH, Blot SI, Depuydt D, Benoit D, Temmerman W, Colardyn F,
et al. Clinical relevance of Aspergillus isolation from respiratory tract samples in
critically ill patients. Crit Care. 2006;10:R31.

6. Garnacho-Montero |, Amaya-Villar R, Ortiz-Leyba C, Leén C, Alvarez-Lerma F,
Nolla-Salas ], et al. Isolation of Aspergillus spp. from the respiratory tract in
critically ill patients: Risk factors, clinical presentation and outcome. Crit Care.
2005;9:R191-9.

7. Soubani AO, Khanchandani G, Ahmed HP. Clinical significance of lower respira-
tory tract Aspergillus culture in elderly hospitalized patients. Eur J Clin Microbiol
Infect Dis. 2004;23:491-4.

8. GuineaJ, Torres-Narbona M, Gijén P, Muiioz P, Pozo F, Peldez T, et al. Pulmonary
aspergillosis in patients with chronic obstructive pulmonary disease: Incidence,
risk factors and outcome. Clin Microbiol Infect. 2010;16:870-7.

9. Huerta A, Soler N, Esperatti M, Guerrero M, Menendez R, Gimeno A, et al.
Importance of Aspergillus spp. isolation in acute exacerbations of severe
COPD: prevalence, factors and follow-up: the FUNGI-COPD study. Respir Res.
2014;15:17.

10. Bulpa PA, Dive AM, Garrino MG, Delos MA, Gonzalez MR, Evrad PA, et al. Chronic
obstructive pulmonary disease patients with invasive pulmonary aspergillosis:
benefits of intensive care? Intensive Care Med. 2001;27:59-67.

11. Bouza E, Guinea ], Peldez T, Pérez-Molina ], Alcald L, Muifioz P. Workload due
to Aspergillus fumigatus and significance of the organism in the microbiology
laboratory of a general hospital. ] Clin Microbiol. 2005;43:2075-9.

12. Bulpa P, Dive A, Sibille Y. Invasive pulmonary aspergillosis in patients with
chronic obstructive pulmonary disease. Eur Respir ]. 2007;30:782-800.

13. Garbino J, Fluckiger U, Elzi L, Imhof A, Bille J, Zimmerli S. Survey of aspergillosis
in non-neutropenic patients in Swiss teaching hospitals. Clin Microbiol Infect.
2011;17:1366-71.

14. Charlson ME, Pompei P, Ales KL, Mackenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. ]
Chronic Dis. 1987;40:373-83.

15. The global strategy for the diagnosis, management and prevention of chronic
obstructive pulmonary disease. Global Initiative for Chronic Obstructive Lung
Disease (GOLD); 2017. Available at: https://www.goldcopd.org

16. Grupo de trabajo de GesEPOC. Guia de practica clinica para el diagnéstico
y tratamiento de pacientes con enfermedad pulmonary obstructive crénica
(EPOC). Guia Espafiola de la EPOC (GesEPOC). Arch Bronconeumol. 2017;53
[Extraordinario 1].

17. Denning DW, Cadranel ], Beigelman-Aubry C, Ader F, Chakrabarti A, Blot S,
et al., European Society for Clinical Microbiology and Infectious Diseases and
European Respiratory Society. Chronic pulmonary aspergillosis: Rationale and
clinical guidelines for diagnosis and management. Eur Respir J. 2016;47:45-68.

18. Cornillet A, Camus C, Nimubona S, Gandemer V, Tattevin P, Belleguic C, et al.
Comparison of epidemiological, clinical and biological features of invasive
aspergillosis in neutropenic and nonneutropenic patients: a 6-year survey. Clin
Infect Dis. 2006;43:577-84.

19. Escribano P, Mufioz P, Montilla P, Padilla B, Bouza E, Guinea J. Sputum and
bronchial secretion samples are equally useful as bronchoalveolar lavage sam-
ples for the diagnosis of invasive pulmonary aspergilosis in selected patients. ]
Clin Microbiol. 2016;28:331-3.

20. Barberan J, Garcia-Pérez FJ, Villena V, Fernandez-Villar A, Malmierca E, Salas C,
et al., working group on Infectious Diseases from the Spanish Society of Internal
Medicine. Development of aspergillosis in a cohort of non-neutropenic, non-
transplant patients colonized by Aspergillus spp. BMC Infect Dis. 2017;17:34-9.

21. Barberan J, Sanz F, Hernandez JL, Merlos S, Malmierca E, Garcia-Pérez FJ, et al.
Clinical features of invasive pulmonary aspergillosis vs. colonization in COPD
patients distributed by gold stage. ] Infect. 2012;65:447-52.

22. Garcés Jarque JM, Terradas Robledo R, Alvarez-Lerma F, Grau Cerrato S, Salvado
Costa M, Torres-Rodriguez JM. Rev Clin Esp. 2003;203:472-4.

23. XuH, LiL, Huang W], Wang LX, Li WF, Yuan WF. Invasive pulmonary aspergillosis
in patients with chronic obstructive pulmonary disease: a case control study
from China. Clin Microbiol Infect. 2012;18:403-8.

24. CasténJJ, Linares M], Rivero A, Casal M, Torre-Cisneros J. Factores clinicos asoci-
ados a aspergilosis pulmonar invasiva en pacientes con neumopatias crénicas y
aislamiento respiratorio de Aspergillus spp. Med Clin (Barc). 2012;139:668-71.

25. Van Burik JH, Leisenring W, Myerson D, Hackman RC, Shuman HM, Sale GE,
et al. The effect of prophylactic fluconazole on the clinical spectrum of fun-
gal diseases in bone marrow transplant recipients with special attention to
hepatic candidiasis. An autopsy study of 355 patients. Medicine (Baltimore).
1998;77:246-54.

26. Stergiopoulou T, Meletiadi ], Roilides E, Kleiner DE, Schaufele R, Roden M, et al.
Host-dependent patterns of tissue injury in invasive pulmonary aspergillosis.
Am ] Clin Pathol. 2007;127:349-55.


http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0135
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0140
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0145
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0150
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0155
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0160
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0165
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0170
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0175
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0180
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0185
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0190
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0195
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0200
https://www.goldcopd.org/
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0210
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0215
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0220
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0225
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0230
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0235
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0240
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0245
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0250
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0255
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260
http://refhub.elsevier.com/S2529-993X(19)30230-8/sbref0260

	Clinical factors associated with pulmonary aspergillosis in patients with chronic obstructive pulmonary disease
	Introduction
	Material and methods
	Study design
	Statistical analysis

	Ethical considerations
	Results
	Descriptive analysis
	Factors associated with lung disease due to Aspergillus spp.: multivariate analysis

	Discussion
	Strengths and limitations
	Conclusions
	Funding
	Conflicts of interest
	References


