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Impact of domestic mould exposure on Aspergillus biomarkers and lung function in patients with chronic obstructive pulmonary disease
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Patients with chronic obstructive pulmonary disease (COPD) are frequently colonised or sensitised by Aspergillus, but clinical significance remains unclear. Furthermore, little is known on the impact of indoor mould exposure during COPD. In this study, we assessed the relationship between domestic mould exposure, Aspergillus biomarkers and COPD severity during acute exacerbation and at stable state. Aspergillus section Fumigati culture in sputum and anti-Aspergillus antibodies detection (IgG and precipitins) were followed up in COPD patients that were prospectively recruited during exacerbation (n=62), and underwent a visit at stable state after 18 months (n=33). Clinical characteristics were collected at inclusion. Electrostatic dust collectors (EDCs) were used to measure domestic mould contamination.

Aspergillus section Fumigati was more frequently detected during exacerbation (16.9%) than at stable state (4.0%), but the frequency of patients presenting with anti-Aspergillus antibodies was similar (32.2% and 33.3%, respectively). Aspergillus section Fumigati detection was associated with a higher body-mass index (BMI) during exacerbation, whereas patients with anti-Aspergillus antibodies presented a lower BMI and forced expiratory volume in 1 second, as well as a higher frequency of inhaled corticoids and higher total mould and Penicillium exposure at final visit (P<0.05). The frequency of patients with anti-Aspergillus antibodies was higher for total mould counts >30 CFUs/cm 2 (P=0.03). Aspergillosis was diagnosed in 2 patients (6.1%) who presented increased levels of antibodies. Our data suggest that anti-Aspergillus antibodies are associated with chronic lung function alteration and/or domestic mould exposure, thereby supporting the consideration of indoor mould contamination and anti-Aspergillus antibodies kinetics in COPD management.

Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory disease, which has a global mean prevalence of 12.4% in subjects aged ≥40 years in Europe [START_REF] Blanco | Geographical distribution of COPD prevalence in Europe, estimated by an inverse distance weighting interpolation technique[END_REF], and is mainly caused by inhalation of cigarette smoke. The hallmark feature of this disease is airflow limitation, but a substantial number of patients also suffer from acute exacerbations (AECOPD), which are a major cause of morbidity, mortality and hospital admission [START_REF] Soler-Cataluña | Severe acute exacerbations and mortality in patients with chronic obstructive pulmonary disease[END_REF]. AECOPD is mainly triggered by infections due to bacteria or viruses [START_REF] Domenech | Infectious etiology of acute exacerbations in severe COPD patients[END_REF], which have been shown to be facilitated by chronic inflammation and impaired lung immune defences [START_REF] Le Rouzic | Th17 cytokines: novel potential therapeutic targets for COPD pathogenesis and exacerbations[END_REF][START_REF] Pichavant | IL-22 Defect During Streptococcus pneumoniae Infection Triggers Exacerbation of Chronic Obstructive Pulmonary Disease[END_REF][START_REF] Pichavant | Oxidative stress-mediated iNKT-cell activation is involved in COPD pathogenesis[END_REF]. In addition, COPD patients are also at risk for invasive pulmonary aspergillosis (IPA). IPA has been increasingly reported with incidences varying from 1.6 to 3.9%, probably under-estimated, and is associated with a high mortality rate (72-100%) [START_REF] Delsuc | Putative invasive pulmonary aspergillosis in critically ill patients with chronic obstructive pulmonary disease: a matched cohort study[END_REF][START_REF] Guinea | Pulmonary aspergillosis in patients with chronic obstructive pulmonary disease: incidence, risk factors, and outcome[END_REF].

Increasing evidence supports the role of filamentous fungi in stable COPD. Indeed, Aspergillus section Fumigati and anti-A. fumigatus antibodies are frequently detected in COPD patients at stable state [START_REF] Agarwal | Aspergillus hypersensitivity in patients with chronic obstructive pulmonary disease: COPD as a risk factor for ABPA?[END_REF][START_REF] Bafadhel | Aspergillus fumigatus during stable state and exacerbations of COPD[END_REF]. Although patients with or without Aspergillus section Fumigati-positive culture show no difference in exacerbation frequency or respiratory function, Aspergillus sensitisation was found to be associated with a lower forced expiratory volume in 1 second (FEV1) [START_REF] Bafadhel | Aspergillus fumigatus during stable state and exacerbations of COPD[END_REF] or bronchiectasis [START_REF] Everaerts | Sensitization to Aspergillus fumigatus as a risk factor for bronchiectasis in COPD[END_REF]. Indoor mould exposure, which is involved in the development and evolution of other respiratory diseases [START_REF] Caillaud | Indoor mould exposure, asthma and rhinitis: findings from systematic reviews and recent longitudinal studies[END_REF]; French Agency for Food, Environmental and Occupational Health & Safety (ANSES), 2016) could also play a role in the pathophysiology of COPD. However, little data is available to assess this possibility. One study evaluated fungal contamination using electrostatic dust fall collectors (EDCs) and showed no difference of fungal exposure between COPD patients and controls [START_REF] Barrera | Microbial exposure to dairy farmers' dwellings and COPD occurrence[END_REF]. Nevertheless, another study has recently shown that indoor environments were associated with greater COPD symptoms and lower FEV1 at stable state [START_REF] Tiew | Environmental fungal sensitisation associates with poorer clinical outcomes in COPD[END_REF]. The presence of indoor visible moulds was also identified as an independent risk factor of persistent bronchial obstruction [START_REF] Ciebiada | Risk factors associated with irreversible airway obstruction in nonsmoking adult patients with severe asthma[END_REF], and elevated indoor dust fungal DNA levels were found to be associated with low FEV1 or forced vital capacity in asthmatic patients [START_REF] Shendell | Associations between quantitative measures of fungi in home floor dust and lung function among older adults with chronic respiratory disease: a pilot study[END_REF]. Furthermore, visible moulds were found to be associated with FEV1 decrease in the general population [START_REF] Devien | Sources of household air pollution: The association with lung function and respiratory symptoms in middle-aged adult[END_REF].

Altogether, these data suggest mould exposure could contribute to airflow limitation during COPD.

Here, our aim was to address the specific topic of mould exposure during COPD by using EDCs, which are innovative tools used to perform quantitative and qualitative characterisation of fungal flora [START_REF] Ege | Exposure to environmental microorganisms and childhood asthma[END_REF][START_REF] Dauchy | Emergence of Aspergillus fumigatus azole resistance in azole-naïve patients with chronic obstructive pulmonary disease and their homes[END_REF][START_REF] Viegas | Characterization of Occupational Exposure To Fungal Burden in Portuguese Bakeries[END_REF]. We assessed the relationship between domestic mould exposure measured with EDCs, Aspergillus biomarkers (Aspergillus culture in sputum and anti-Aspergillus antibodies detection), and COPD severity (lung function and frequency of exacerbation episodes) in patients who were prospectively recruited during severe acute exacerbation requiring hospitalisation, and underwent a final visit at stable state after 18 months.

Methods

Patient recruitment and follow-up, data collection, clinical and environmental sampling

Patients with acute exacerbation of COPD, who had no other pulmonary diseases (tuberculosis, cancer, diffuse bronchiectasis, asthma, etc.) and had not received antifungal systemic treatment within the 6 previous months, were prospectively recruited in the Pneumology, Intensive Care or Post-Emergency services of Lille University Hospital (France) from August 2011 to November 2015. Age, sex, GOLD stage, FEV1 at stable state, frequency of exacerbation episodes in the 2 previous years, tobacco status, and corticoid treatments were collected at inclusion. The results of the cytobacteriological examination of sputum and viral analyses were also collected to determine the origin of exacerbation. Patients were asked to attend a visit at stable state 18 months after inclusion.

Sputum and serum samples were collected at inclusion and after 18 months, at stable state, for detection of Aspergillus section Fumigati and anti-Aspergillus antibodies. Home mould exposure was assessed using EDCs that were exposed for 10 weeks in the patient's bedroom.

The study was approved by the local ethics committee (North-West Ethics Committee, University of Rouen, France, referral number 2010-031) and was registered at ClinicalTrials.gov (NCT02318524).

Mycological analysis of sputa and anti-Aspergillus antibodies detection

Sputum samples were half diluted with a solution of acetylcysteine (Digest-EUR, Eurobio), and 10 µL were cultured on half-diluted Sabouraud agar medium with 0.5 g/L amikacin (SAB) at 30°C, chromogenic agar medium at 37°C and erythritol agar medium at 24°C for 7 days. Anti-Aspergillus IgG were detected using the Platelia™ Aspergillus IgG kit (Bio-Rad, Marne-La-Coquette, France), and an in-house Ouchterlony double immunodiffusion method was used for detection of anti-A. fumigatus precipitins. Patients were considered to have anti-Aspergillus antibodies when levels over 9 UA/mL using ELISA, or at least 2 precipitin arcs were detected.

Sampling and mycological analysis of indoor dust

Domestic fungal exposure was assessed from EDCs that were analysed by culture.

EDC washing consisted of shaking for 10 minutes in 20 mL of sterile NaCl 0.9% with 0.1% Tween 80 in a Stomacher® 80 Biomaster (Life System), as previously described [START_REF] Dauchy | Emergence of Aspergillus fumigatus azole resistance in azole-naïve patients with chronic obstructive pulmonary disease and their homes[END_REF][START_REF] Scherer | qPCR standard operating procedure for measuring microorganisms in dust from dwellings in large cohort studies[END_REF], and 60 µL of the collected solution were cultured on SAB at 30°C, dichloran -rose Bengal -chloramphenicol (DRBC) -benomyl and dichloran -glycerol (DG18) agar media (Oxoid, Dardilly, France) at 24°C for 7 days. The choice of DG18 medium was based on the recommendation by the ISO 16000-17 norm for analysis of air samples by culture (ISO 16000-17, 2008). The SAB medium and 30°C incubation were selected for optimal detection thermophilic pathogenic moulds, especially Aspergillus spp.

The DRBC -benomyl medium was added for its inhibitory properties on microtubule growth and hyphal elongation, which allows detection of slow-growing fungi [START_REF] Jochová | Effect of the microtubule inhibitor benomyl on protein secretion in Aspergillus nidulans[END_REF].

Moulds were identified by macroscopic and microscopic (morphology of conidiophores, conidia and hyphae) characteristics [START_REF] Anofel | Parasitologie et mycologie médicales -guide des analyses et méthodes[END_REF][START_REF] De Hoog | Atlas of Clinical Fungi[END_REF], and CFUs were counted on the 3 media for each genus or species. When moulds were detected on several culture media, the final number of colonies corresponded to the results from the medium with the highest number of colonies for a given species/genus (ISO 16000-17, 2008).

Statistical analysis

Data are presented as mean±standard error mean. Comparison of FEV1 and mould contamination levels in EDCs was assessed using the t-test or Mann-Whitney U-test in GraphPad Prism 5 for parametric or nonparametric groups, respectively. For comparison of three groups or more, the Kruskal-Wallis test was used, with Dunn's multiple comparison test as post-test to compare individual pairs of groups. The Fisher's exact test was used for proportions. A p-value of <0.05 was considered statistically significant.

Results

Patients' characteristics at inclusion and origin of exacerbations

Sixty-two patients meeting inclusion criteria and no exclusion criteria were recruited.

The sex ratio was 2.6 (46 men and 17 women), and the mean age was 63.3±10.4 years-old.

Nine patients had mild (GOLD II stage), 28 had severe (stage III) and 25 had very severe COPD (stage IV). Overall, the mean FEV1 reached 35.3±2.0% of predicted and the mean body-mass index (BMI) was 25.2±0.8 kg/m 2 . All the patients had a previous history of smoking. Mean pack years was 63.4±4.2, whereas 17/62 patients (27.4%) were current smokers. In the 2 previous years, 33% presented no exacerbation episode, whereas 24% presented at least 3 episodes. Inhaled corticoids were used as maintenance treatment in 80.6% of patients. During exacerbation, a bacterial infection was confirmed for 21 patients (33.9%), and among them the most frequent bacteria were Streptococcus pneumoniae and Haemophilus influenzae (both isolated in 6 sputa, i.e. 28.6% of patients with documented bacterial exacerbation). Pseudomonas aeruginosa was isolated in 5 patients (23.8%), and Moraxella catarrhalis in 3 patients (14.3%). Five patients (8.1%) presented a viral infection.

Frequency and clinical significance of Aspergillus positive biomarkers during exacerbation and at stable state

At inclusion, Aspergillus section Fumigati was detected in 10 out of the 59 patients who were able to expectorate (16.9%). Twenty patients (32.2%) presented anti-Aspergillus antibodies, with IgG levels varying from 2 to over 80 UA/mL and 0 to 8 anti-A. fumigatus precipitins. Five patients had both positive culture and anti-Aspergillus antibodies (8.1%). No patient presented current Aspergillus infection, but 3 patients (N°45, N°52 and N°60) had a history of Aspergillus infection 3 to 6 years before inclusion. Patients N°52 and N°60, but not N°45, received voriconazole. Mortality reached 19.4% during the 18-month follow-up period.

Thirty-three patients underwent the final visit at stable state. Sputa were sampled for 25 out of 33 patients, and Aspergillus section Fumigati was detected in 1/25 patients (4.0%), yielding a lower frequency at stable state than at inclusion, but this difference was not significant. The frequency of patients with anti-Aspergillus antibodies reached 33.3%, being similar at stable state and at inclusion. Only one patient had both positive culture and anti-Aspergillus antibodies (3.0%). When comparing the individual evolution of Aspergillus biomarkers, the 4 patients with positive culture became negative at stable state, the only patient who had positive culture at final visit was negative at inclusion, and 20 negative patients remained negative (Fig. 1). Anti-Aspergillus antibodies were detected in 3 out of 23 patients who were negative at inclusion. Among the 10 patients with anti-Aspergillus antibodies at inclusion, 8 remained positive, 3 having stable antibody levels and 5 increased antibody levels at the final visit. Aspergillosis was diagnosed at final visit in 2 patients (6.1%), who had increased anti-Aspergillus antibodies (initial diagnosis in patient N°10 and recurrence in patient N°52). Both patients presented clinical (worsening respiratory insufficiency in spite of appropriate antibiotic therapy and ventilatory support), and radiological features of aspergillosis (abnormal medical imaging by CT scan). But only patient N°10 had positive Aspergillus section Fumigati sputum culture. For patient N°10, evolution was favorable after a 6 month treatment with voriconazole. A decrease in anti-Aspergillus antibodies was observed after the end of the treatment (Fig. 2). Patient N°52 was initially treated with voriconazole, which was replaced with liposomal amphotericin B after 1 month. However, he died after 20 days. No aspergillosis was diagnosed in any of the other patients, even when significant levels of anti-Aspergillus antibodies were detected.

Relationship between Aspergillus biomarkers and patients characteristics at inclusion

Mean FEV1 tended to be lower in patients with Aspergillus section Fumigati positive culture (P=0.06; Table 1, Fig. 3A) than without, and was significantly lower in patients with (P=0.01; Table 1, Fig. 3B) than without anti-Aspergillus antibodies. Frequency of inhaled corticoid treatment was significantly higher in patients than in patients with than without anti-Aspergillus antibodies. Mean BMI was significantly higher in patients with Aspergillus section Fumigati positive culture, and lower in patients with anti-Aspergillus antibodies.

Smoking status and frequency of exacerbation with confirmed bacterial origin were similar in patients with or without anti-Aspergillus antibodies, or in patients with positive or negative culture (Table 1).

Assessment of domestic mould contamination and relationship with Aspergillus biomarkers at inclusion and final visit

EDCs were sent to the laboratory by 51 out of 62 patients. Assessment of domestic mould contamination yielded 0.6 to 98.1 CFUs/cm 2 , representing 1 to 13 genera or species. Mould frequencies and counts were higher on DG18 for most genera and species, except for Aspergillus section Fumigati and mucorales which were more frequently detected on SAB and Benomyl, respectively (Supplementary Table ). Overall counts resulting from the 3 media showed that Penicillium spp., Cladosporium spp., Aspergillus section Fumigati, Aspergillus series Versicolores and Mucorales were the most frequent moulds (in 90.2%, 64.7%, 49%, 39.2% and 33% of EDCs, respectively; Table 2). Aspergillus section Nigri, Fusarium spp. and Scopulariopsis spp., which are thermotolerant pathogenic moulds, were also frequently isolated (17.6-25.5%). Aspergillus genera represented 1.5-92.5% of total fungal flora (median 22.2%), with Aspergillus section Fumigati corresponding to 0-100% of Aspergillus spp.

(median 16.7%) (Supplementary Fig. 1). Overall mould contamination level and Penicillium spp. concentrations tended to be higher in patients with positive vs. negative culture or detection of anti-Aspergillus antibodies at inclusion (Fig. 4A-B, 4D-E), and were significantly higher in patients with positive vs. negative detection of anti-Aspergillus antibodies at the final visit (P<0.05; Fig. 4C,4F). Furthermore, when we analysed the repartition of total mould contamination level, we identified a group of 8 dwellings (15.7%) presenting a higher contamination level, >30 CFUs/cm 2 (Supplementary Fig. 2). When comparing the frequency of patients with or without anti-Aspergillus antibodies for dwellings with total contamination level of ≤ or >30 CFUs/cm 2 , we found that the frequency of patients with anti-Aspergillus antibodies tended to be higher at inclusion and was significantly higher at final visit in dwellings with contamination levels >30 CFUs/cm 2 (P=0.03; Table 3). Since Aspergillus section Fumigati was only detected in a single patient's sputum at the final visit, the impact of domestic mould contamination on this biomarker could not be assessed. We found no significant difference in mould contamination level in patients with positive culture or anti-Aspergillus antibodies when Aspergillus section Fumigati, Aspergillus spp., or Cladosporium spp. concentrations were compared (Supplementary Fig. 3). No threshold yielding significant differences between the frequencies of patients with positive or negative culture or detection of anti-Aspergillus antibodies could be identified for these specific moulds or for Penicillium spp.

Relationship between domestic mould contamination and COPD stage or exacerbation frequency

Total mould counts tended to be lower in stage-II patients than in stage-III or -IV patients, and Aspergillus section Fumigati counts tended to be higher in stage-IV than in stage-II or -III patients (Fig. 5A), but these differences were not significant. Aspergillus spp., Penicillium spp. and Cladosporium spp. counts were similar in stage-II, -III and -IV patients (Supplementary Fig. 4A). Total mould counts, Aspergillus section Fumigati, Aspergillus spp., Penicillium spp. and Cladosporium spp. counts were also similar in patients with 0, 1, 2 or more than 3 exacerbations during the previous 2 years (Fig. 5B, Supplementary Fig. 4B).

Discussion

Our study showed a 16.9% frequency of Aspergillus section Fumigati detection in sputum during AECOPD and 4.0% at stable state. These frequencies were lower than those reported previously (28%-37%) [START_REF] Bafadhel | Aspergillus fumigatus during stable state and exacerbations of COPD[END_REF]. However, lower quantities of sputum were used in our study. A limitation could also be the absence of repeated samples to detect Aspergillus section Fumigati colonisation in our study. The higher frequency of Aspergillus section Fumigati we found at inclusion is consistent with impaired immune response during exacerbation [START_REF] Berenson | Impaired innate immune alveolar macrophage response and the predilection for COPD exacerbations[END_REF], which could facilitate Aspergillus colonisation.

Conversely, the frequencies of patients with anti-Aspergillus antibodies were similar during exacerbation (32.2%) and at stable state (33.3%). Both frequencies were higher than those reported in previous studies which used skin prick test and/or A. fumigatus IgE or IgG detection by ImmunoCAP (8.5-18% in [START_REF] Agarwal | Aspergillus hypersensitivity in patients with chronic obstructive pulmonary disease: COPD as a risk factor for ABPA?[END_REF][START_REF] Bafadhel | Aspergillus fumigatus during stable state and exacerbations of COPD[END_REF][START_REF] Everaerts | Sensitization to Aspergillus fumigatus as a risk factor for bronchiectasis in COPD[END_REF], whereas IgG detection by ELISA and precipitins were used in our study. These similar frequencies during exacerbation and at stable state suggest that anti-Aspergillus antibodies are more related to chronic lung-function alteration and/or environmental exposures than acute disorders during COPD. This hypothesis is also supported by the association of anti-Aspergillus antibodies with a lower FEV1, and the higher frequency of inhaled corticoids in patients with anti-Aspergillus antibodies. The lower BMI in patients with anti-Aspergillus antibodies is consistent with the association of a lower BMI with chronic Aspergillus infections [START_REF] Ohara | Clinical characteristics of patients with Aspergillus species isolation from respiratory samples: Comparison of chronic pulmonary aspergillosis and colonization[END_REF]. Lower BMI was also identified among the risk factors of pneumonia during COPD, together with lower FEV1 or higher inhaled corticosteroid dose [START_REF] Agusti | Inhaled corticosteroids in COPD: friend or foe?[END_REF][START_REF] Crim | Pneumonia risk in COPD patients receiving inhaled corticosteroids alone or in combination: TORCH study results[END_REF]. The higher BMI in patients with positive detection of Aspergillus section Fumigati is surprising. Since A. fumigatus colonisation in COPD patients with acute exacerbation is a risk factor for invasive aspergillosis [START_REF] Blot | A clinical algorithm to diagnose invasive pulmonary aspergillosis in critically ill patients[END_REF][START_REF] Guinea | Pulmonary aspergillosis in patients with chronic obstructive pulmonary disease: incidence, risk factors, and outcome[END_REF][START_REF] Khasawneh | Isolation of Aspergillus in critically ill patients: a potential marker of poor outcome[END_REF], this result could be related to a higher risk of developing invasive aspergillosis during exacerbation for patients with higher BMI.

Anti-Aspergillus antibody detection was used as a diagnostic criterion for the 2 patients who developed aspergillosis in our study. Although a positive A. fumigatus serum test has been proposed as a criterion for IPA diagnosis [START_REF] Bulpa | Invasive pulmonary aspergillosis in patients with chronic obstructive pulmonary disease[END_REF], the clinical significance of anti-Aspergillus antibodies during COPD remains unclear, and this marker is not among the criteria that were proposed by Blot et al. for critically ill patients [START_REF] Blot | A clinical algorithm to diagnose invasive pulmonary aspergillosis in critically ill patients[END_REF]. In our study, 3 other patients presented increased anti-Aspergillus antibodies or became positive, and were not diagnosed with Aspergillus infection in the absence of clinical and radiological criteria for aspergillosis. Since elevated IgG against A. fumigatus are usually considered to indicate Aspergillus infection [START_REF] Uffredi | Significance of Aspergillus fumigatus isolation from respiratory specimens of nongranulocytopenic patients[END_REF], these data underscore the need for further studies on the kinetics of Aspergillus IgG and precipitins during COPD to evaluate its clinical significance and usefulness for the diagnosis of acute infections.

The use of EDCs for assessment of mould contamination yielded the first data on domestic fungal contamination in our region, showing frequencies of Penicillium, Cladosporium, and Aspergillus series Versicolores that were similar to those reported in other studies in France [START_REF] Dallongeville | Concentration and determinants of molds and allergens in indoor air and house dust of French dwellings[END_REF][START_REF] Reboux | Indoor mold concentration in Eastern France[END_REF]. However, higher frequencies of pathogenic thermophilic moulds, such as Aspergillus section Fumigati and Mucorales were observed in our study. Our data confirm that this easy-to-use method, which, contrary to air sampling, does not require specific equipment, and is representative of fungal exposure over several weeks, is a promising alternative for quantitative measurement of mould contamination in dwellings [START_REF] Fréalle | Classical and molecular methods for identification and quantification of domestic moulds[END_REF].

An interesting finding in our study was the higher domestic mould exposure (total counts and Penicillium spp. concentrations) of patients with anti-Aspergillus antibodies, which supports the idea that mould exposure is a risk factor for development of anti-Aspergillus antibodies during COPD. The association between anti-Aspergillus antibodies and increased Penicillium (but not other mould concentrations) could be related to the predominance of this fungal genus in indoor environments, and to increased indoor concentrations of Penicillium in dwellings with indoor air-quality problems [START_REF] Cooley | Correlation between the prevalence of certain fungi and sick building syndrome[END_REF]. The tendency to a higher total mould contamination level in dwellings from stage-III and stage-IV patients and Aspergillus section Fumigati counts in stage-IV patients is consistent with previous reports showing association between mould exposure and airway obstruction in asthmatic patients or healthy subjects [START_REF] Ciebiada | Risk factors associated with irreversible airway obstruction in nonsmoking adult patients with severe asthma[END_REF][START_REF] Devien | Sources of household air pollution: The association with lung function and respiratory symptoms in middle-aged adult[END_REF][START_REF] Shendell | Associations between quantitative measures of fungi in home floor dust and lung function among older adults with chronic respiratory disease: a pilot study[END_REF], and supports the recent finding of an association between the abundance of fungal allergens in indoor environments and greater COPD symptoms or lower FEV1 [START_REF] Tiew | Environmental fungal sensitisation associates with poorer clinical outcomes in COPD[END_REF]. Beyond the significant association between anti-Aspergillus antibodies and total fungal counts in EDCs, the higher frequency of patients with anti-Aspergillus antibodies in dwellings with total mould contamination levels of >30 CFUs/cm 2 suggests that this threshold could be used to define abnormal indoor mould exposure, as well as the need for patient's home assessment by a professional (such as a medical indoorenvironment counsellor) and remediation measures. Since the lack of threshold values is a major problem for assessment of mould exposure, and there are currently no guidelines on acceptable levels of fungal exposure in dust, this definition of a threshold for EDCs represents an important finding for the further use of this method in practical assessment of dwellings.

The absence of association between Aspergillus section Fumigati in EDCs and Aspergillus section Fumigati detection in sputum or antibody detection could be due to the fact that, although high concentrations of airborne Aspergillus section Fumigati can be found in dwellings [START_REF] Paluch | High airborne level of Aspergillus fumigatus and presence of azole-resistant TR34/L98H isolates in the home of a cystic fibrosis patient harbouring chronic colonisation with azole-resistant H285Y A. fumigatus[END_REF] or near specific reservoirs such as compost [START_REF] Williams | Estimating Aspergillus fumigatus exposure from outdoor composting activities in England between 2005 and 14[END_REF], this species is usually not predominant in the environment [START_REF] Reboux | Indoor mold concentration in Eastern France[END_REF][START_REF] Vesper | Quantitative PCR analysis of molds in the dust from homes of asthmatic children in North Carolina[END_REF]. The establishment of a relationship between Aspergillus section Fumigati exposure and colonisation/anti-Aspergillus antibodies could also be biased by the pathogenicity of these thermophilic species, which can yield transient colonisation, making low doses have a higher effect than exposure to high concentrations of non-pathogenic species [START_REF] Eduard | Fungal spores: a critical review of the toxicological and epidemiological evidence as a basis for occupational exposure limit setting[END_REF]. The fact that differences were found only when total counts or Penicillium spp. concentrations were compared (according to anti-Aspergillus antibodies status) underscores the difficulty of assessing the pathogenic effect of moulds which are usually present in low concentrations in dwellings. Using total fungal counts, which mainly reflect the usual predominant species (i.e. Penicillium and Cladosporium), as a global indicator of fungal risk could allow us to indirectly assess the risk related to minority species (such as Aspergillus section Fumigati) or to species poorly detected by culture (such as Stachybotrys chartarum).

The use of real-time PCR for DNA quantification of these species could also be helpful in further studies.

Our study was limited by the quite low number of patients. Nevertheless, this number is close to the one that was reported in several other studies where COPD patients were included during exacerbation (which is more limiting than inclusion at stable state), and sputum was analysed for bacterial and fungal culture [START_REF] Bafadhel | Aspergillus fumigatus during stable state and exacerbations of COPD[END_REF]. Home evaluation with EDCs was a supplementary cause of refusal and further limited the recruitment. Despite this quite low number of patients, we were able to confirm data that were observed in other studies (such as a lower FEV1 or higher frequency of inhaled corticoids in patients with anti-Aspergillus antibodies [START_REF] Bafadhel | Aspergillus fumigatus during stable state and exacerbations of COPD[END_REF][START_REF] Everaerts | Sensitization to Aspergillus fumigatus as a risk factor for bronchiectasis in COPD[END_REF]), and provided new data on the relationship between mould exposure and bioclinical parameters during COPD.

However, having a greater number of patients would have been helpful to confirm some tendencies that were observed (e.g., relationship between mould exposure and COPD stage), or to assess more reliably the relationship between mould exposure and exacerbation 1.2 (0.6-9.3) 0.9 (0.6-1.9) 0.6 (0.6-1.2) 0.6 (0.6-0.6) 0.6 (0.6-0.6) 0.9 (0.6-9.3) Aspergillus section Nigri 25.5 1.2 (0.6-6.2) Aspergillus spp.
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  frequency. Despite this limitation, our data suggest that Aspergillus colonisation could be facilitated by impaired immune response during COPD exacerbation, whereas anti-Aspergillus antibodies are rather associated with chronic lung-function alteration. The association of mould exposure with anti-Aspergillus antibodies and association of anti-Aspergillus antibodies with a lower FEV1 suggest abnormal indoor mould contamination could contribute to the alteration of lung function during COPD, thereby supporting the consideration of domestic mould exposure in the management of COPD patients. Further studies are needed to assess the clinical significance of anti-Aspergillus antibody kinetics and the potential role of mould exposure in the development of aspergillosis during COPD. Declaration of competing interest E. Fréalle reports research grants from Gilead, MSD and Pfizer, and travel grants for congress and conference attendance by Gilead. The other authors have no conflicts of interest to disclose with the submitted work.
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 123 Fig. 1. Flow diagram of patient recruitment and follow-up
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 4 Fig. 4. Association between domestic mould contamination levels (total or Penicillium spp. counts) and Aspergillus biomarkers Total mould (A-C) and Penicillium spp. (D-F) concentrations in EDCs were compared between patients with positive or negative Aspergillus section Fumigati culture in sputum at inclusion and between patients with or without anti-Aspergillus antibodies at inclusion, and at final visit.
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 5 Fig. 5. Association between domestic mould contamination levels (total or Aspergillus section Fumigati counts) and COPD stage (A) or number of exacerbations (B)

Table 2

 2 Mould species frequency and number of colonies in electrostatic dust collectors

	Species	Frequency (%)	Median CFUs/cm 2 (min-max)
	Penicillium spp.	90.2	3.1 (0.6-64.2)
	Cladosporium spp.	64.7	1.9 (0.6-15.4)
	Aspergillus section Fumigati	49.0	1.2 (0.6-11.7)
	Aspergillus series Versicolores	39.2	0.9 (0.6-24.7)
	Mucorales	33.3	
	-Mucor spp.	15.7	
	-Rhizopus spp.	13.7	
	-Lichtheimia spp.	2.0	
	-Cunninghamella spp.	2.0	
	-Other mucorales	7.8	

Table 3

 3 Frequency of Aspergillus section Fumigati detection in sputum and anti-Aspergillus antibodies in patients with total mould contamination level of ≤ or > 30 CFUs/cm 2 at inclusion and final Bold type represents statistical significance at p<0.05.

	visit			
			Total counts	
		≤30 CFUs/cm 2 >30 CFUs/cm 2 P-values
	Aspergillus section Fumigati detection in sputum			
	Inclusion (n=48)	7/41 (17%)	2/7 (29%)	0.39
	Final visit (n=25)	0/20 (0%)	1/5 (20%)	0.20
	Detection of anti-Aspergillus antibodies			
	Inclusion (n=51)	13/43 (30%)	5/8 (63%)	0.09
	Final visit (n=32)	6/25 (24%)	5/7 (71%)	0.03
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