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Highlights

• Prevalence of S. maltophilia in CF cohorts is variable between countries.

• Western Brittany cohort harbored a high but stable prevalence (around 16%).

• This high prevalence is mainly due to a high rate of intermittent colonization.

• Chronic colonization is significantly correlated to acquired resistance.

Introduction

Stenotrophomonas maltophilia is an ubiquitous bacterium, predominantly found in the water environment. In the hospital, the different reservoirs and sources of S. maltophilia can be ventilation circuits, medical or surgical equipment, contaminated solutions and sometimes the hands of staff [START_REF] Berthelot | Épidémiologie des infections nosocomiales à Pseudomonas aeruginosa, Burkholderia cepacia et Stenotrophomonas maltophilia[END_REF]. Outbreaks of S. maltophilia have been reported in the hospitals [START_REF] Alfieri | Two consecutive outbreaks of Stenotrophomonas maltophilia (Xanthomonas maltophilia) in an intensive-care unit defined by restriction fragment-length polymorphism typing[END_REF][START_REF] Klausner | Outbreak of Stenotrophomonas maltophilia bacteremia among patients undergoing bone marrow transplantation: association with faulty replacement of handwashing soap[END_REF]. For immunocompromised patients and patients with underlying respiratory disease, especially cystic fibrosis (CF), S. maltophilia represents an emerging pathogen [START_REF] Steinkamp | Prospective evaluation of emerging bacteria in cystic fibrosis[END_REF]. Indeed, lifeexpectancy of patients with CF correlates with infection by multidrug-resistant bacteria, of which S. maltophilia is the most emergent [START_REF] Steinkamp | Prospective evaluation of emerging bacteria in cystic fibrosis[END_REF]. In France, prevalence of S. maltophilia in CF patients is constantly increasing, as reported as follow: 4.7% in 1999, 8.5% in 2010, 9.9% in 2012, and 10.5% in 2016 [START_REF]Vaincre la Muco. Registre français de la mucoviscidose[END_REF]. The acquisition of S. maltophilia by CF patients is clearly identified as a marker of the severity of lung disease, and the pathogenicity of S. maltophilia is now recognized, but the clinical impact as a function of colonization status is not yet established [START_REF] Waters | Stenotrophomonas maltophilia in cystic fibrosis: serologic response and effect on lung disease[END_REF][START_REF] Waters | Chronic Stenotrophomonas maltophilia infection and exacerbation outcomes in cystic fibrosis[END_REF][START_REF] Waters | Chronic Stenotrophomonas maltophilia infection and mortality or lung transplantation in cystic fibrosis patients[END_REF][START_REF] Goss | Detecting Stenotrophomonas maltophilia does not reduce survival of patients with cystic fibrosis[END_REF][START_REF] Goss | Association between Stenotrophomonas maltophilia and lung function in cystic fibrosis[END_REF][START_REF] Berdah | Stenotrophomonas maltophilia: A marker of lung disease severity[END_REF][START_REF] Barsky | Incident Stenotrophomonas maltophilia infection and lung function decline in cystic fibrosis[END_REF].

The main aim of the present study was to shed further light on the epidemiology of S. maltophilia emergence in a French CF center located in Western France, describing modalities of colonization and co-colonization, and drug-resistance profiles.

Materials and methods

Study design

A retrospective study was performed in the University Hospital of Brest and Perharidy CF Center (Roscoff) in Western France (Brittany). All CF patients with S. maltophilia isolated in a respiratory sample (sputum or pharyngeal swab) between December 2013 and February 2017 were included. The following data were collected for positive samples: colonization density (colony-forming units per milliliter, CFU.mL -1 ), antibiotic resistance and susceptibility, bacterial and fungal co-colonization, and Murray-Washington sputum cytological quality score [13].

Data collection

Patients' microbiological history was studied to determine S. maltophilia colonization status.

Lacking any official definition, we adopted the Lee criteria [14] used to define P. aeruginosa colonization status: chronic for >50% positive samples over a 12-month period, intermittent for <50%; colonization status was undetermined in case of <12 months' microbiological history and/or if a threshold of ≥4 samples was not met. Pulmonary exacerbation was defined by onset of respiratory disorder requiring hospital visit with antibiotic therapy concomitant to isolation of S. maltophilia [15]. Eradication was defined by ≥12 months' absence of S. maltophilia on ≥4 samples. This retrospective non-interventional study was approved by the Brest Regional University Hospital ethical board (authorization #2018CE.15, study #29BRC18.0018). For all individuals included in the study, the non-opposition was obtained.

Microbiology analyses

All microbiology analyses were carried out in the central laboratory of microbiology of Brest hospital. To avoid significant changes in microbiota, only samples delivered to the laboratory within 24 hours were used for analysis, in line with the current standard operating procedures Class 1 and 2 samples, highly contaminated by saliva, were classified as poor quality; class 3 and 4 samples were classified as moderate quality, and class 5 as appropriate quality). Sputum samples were fluidified by mucolytic agents, then plated onto selective and non-selective agar media following the REMIC (Referential of the French Microbiology Society) guidelines [16].

Throat swabs were used in non-expectorating patients. For throat swabs, only two media were plated, for detection of P. aeruginosa and S. aureus. The plates were then incubated for 5 days at 37°C in 5% CO2 enriched atmosphere. Bacteria were identified by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). Antibiograms and interpretation were performed according to the EUCAST guidelines [17].

Statistical analyses

Statistical analyses used GraphPad Prism software, version 6.0. Results were reported as mean ± standard deviation (SD), with odds ratios (OR) as appropriate. Inter-group comparisons used the Mann-Whitney test for quantitative variables and Fisher exact test for qualitative variables. The significance threshold was set at 5% (p<0.05).

Results

Description of the cohort and microbial ecology

From December 2013 to February, a total of 388 CF patients (209 males, 179 females) with a mean age of 28 ± 17.8 years were included in the study. During the study period, 7.2 respiratory samples per patient (mean) were collected. S. maltophilia was isolated in 90 patients: 42 males, 48 females (Table 1). Mean age at first colonization was 24.4±13.5 years (53 adults and 27 children). 90.7% of the 194 positive samples were from sputum (n=176), and 9.3% from the throat (n=18). Sputum quality on Murray-Washington score was satisfactory (mean, 4±1). Mean S. maltophilia concentration was 4.5±2 log10 CFU.mL -1 .

Colonization status could be determined for 59 patients: 11 chronic, 48 intermittent; status was undetermined for 31 patients, due either to an insufficient number of samples or to an insufficient time of microbiological monitoring (<12 months). Over the study period, the prevalence of S. maltophilia colonization was 23%, divided as follow: 2.8% chronic, 12.2% intermittent, and 7.9% undetermined. Annual prevalence was 15.7% in 2014, 17.9% in 2015, and 16% in 2016. Chronicity resolved in three of the 11 patients categorized as chronically colonized according to our definition. But for one of these patients, eradication was secondary to a lung-transplanted, and cannot thus be considered as a case of S. maltophilia eradication.

For the two other patients, the study design did not allow the identification of the cause of the eradication.

S. maltophilia resistance was studied in 82.5% of samples (n=160 out of the 194 respiratory samples). In decreasing order, susceptibility was 94.3% for minocycline, 76.9% for cotrimoxazole, 61.3% for levofloxacin, 59.4% for associated ticarcillin-clavulanate, 41.9% for ceftazidime, and 27% for ciprofloxacin.

S. maltophilia was concomitant in 68.6% of samples positive for S. aureus, 31.4% of samples positive for P. aeruginosa (including 25.8% with non-mucoid P. aeruginosa), 15.5% of samples positive for Achromobacter spp., 2.1% of samples positive for Burkholderia spp., 7.2% of samples positive for Haemophilus influenzae, 53% of samples positive for A. fumigatus, and 53% of samples positive for Candida spp (Table 1). S. aureus was methicillin-susceptible (MSSA) in 58.2% of respiratory samples positive for S. maltophilia, methicillin-resistant (MRSA) in 11.9% and present as small-colony variant in 1.5%. In the total CF cohort, prevalence in respiratory samples were as follow: S. aureus, 82.1%; mucoid P. aeruginosa, 46.6%; non-mucoid P. aeruginosa, 22.5%; A. xylosoxidans, 3.7%; Burkholderia spp, 0 .9%; MSSA, 64.2%; and MRSA, 17.9%.

Analysis according to S. maltophilia colonization status

There were no significant differences in age or gender according to chronic or intermittent S. maltophilia colonization status. Patients with chronic colonization had significantly more sputum sampling than throat swabbing. Sputum quality and inoculum did not significantly differ according to colonization status. Co-colonization was significantly more frequent in chronic colonization for S. aureus (p<0.0001; OR, 12.5), MSSA (p<0.0001; OR, 5.1), and non-mucoid P. aeruginosa (p<0.05; OR, 2.5); No significant differences were found for the other bacteria, yeasts and filamentous fungi. S. maltophilia isolates were significantly less susceptible in chronic colonization to cotrimoxazole (p<0.0001; OR, 0.12), ticarcillinclavulanate (p<0.005; OR, 0.3), and ceftazidime (p<0.001; OR, 0.25); no significant differences were found for the other antibiotics. Comparison of isolates from initial samples found no significant difference in S. maltophilia susceptibility according to colonization status, whereas isolates from the last samples taken were significantly less susceptible to associated ticarcillin-clavulanate (p<0.01; OR, 0.11), levofloxacin (p<0.05; OR, 0.21), and cotrimoxazole (p<0.05; OR, 0.14) in case of chronic colonization.

Discussion

Given the potential pathogenicity of S. maltophilia [START_REF] Waters | Stenotrophomonas maltophilia in cystic fibrosis: serologic response and effect on lung disease[END_REF][START_REF] Waters | Chronic Stenotrophomonas maltophilia infection and exacerbation outcomes in cystic fibrosis[END_REF][START_REF] Berdah | Stenotrophomonas maltophilia: A marker of lung disease severity[END_REF][START_REF] Barsky | Incident Stenotrophomonas maltophilia infection and lung function decline in cystic fibrosis[END_REF], the high prevalence of this bacterial species is a matter of concern. This study provided a better understanding of the epidemiology of S. maltophilia in a French CF center where the majority of patients were intermittently infected with S. maltophilia. The prevalence of chronic colonization was rare (2.8%), but this population was distinguished from intermittent colonization by a greater resistance to cotrimoxazole and β-lactams, as well as a significantly greater co-colonization with MSSA (p<0.0001; OR, 5.1), and non-mucoid P. aeruginosa (p<0.05; OR, 2.5).

The present study is an epidemiological report of S. maltophilia in a high prevalent CF region in Europe (Roscoff, Western France). Prevalence was stable but above the national average. This high prevalence is mainly due to a high rate of intermittent colonization. Chronic colonization was rare (2.8%) and significantly correlated to acquired resistance (cotrimoxazole and β-lactams) as well as a significantly greater co-colonization to MSSA (p<0.0001; OR, 5.1), and non-mucoid P. aeruginosa (p<0.05; OR, 2.5).

There is no consensus definition of chronic S. maltophilia colonization [START_REF] Waters | Stenotrophomonas maltophilia in cystic fibrosis: serologic response and effect on lung disease[END_REF][START_REF] Waters | Chronic Stenotrophomonas maltophilia infection and exacerbation outcomes in cystic fibrosis[END_REF][START_REF] Waters | Chronic Stenotrophomonas maltophilia infection and mortality or lung transplantation in cystic fibrosis patients[END_REF]18]. The present study adopted the criteria used by Lee et al. to define P. aeruginosa colonization status [14].

The rationale was that chronic S. maltophilia colonization is poorly known but may well be analogous to P. aeruginosa colonization, as the environmental origin is the same. These strict criteria ensured discrimination of colonization status, although they restricted sample size for analysis, as status could not be determined for 34% of patients.

The prevalence of S. maltophilia infection has been stable in our CF center since 2012 (16.9%). Prevalence of S. maltophilia is very variable, with up to 4-fold differences between countries; within Europe, it ranged from 4.65% to 12.61% in 2012, and from 2.8% to 12.48% in 2014 [19]. Prevalence in the CF center of Roscoff (Western France) is higher than in Canada or any European country (Fig. 1) [19][20][START_REF] Hatziagorou | Changing epidemiology of the respiratory bacteriology of patients with cystic fibrosisdata from the European cystic fibrosis society patient registry[END_REF]. The hypothesis of a nosocomial epidemic is unlikely as it was ruled out by PFGE genotyping of several isolates of different patients, which found no clonal relation (unpublished data). This high prevalence is not an isolated case in Europe: the Copenhagen CF Center reported annual rates of 23-25% from 2003 to 2009 [18]. Such disparities are likely due to differences in local ecology. Over the whole period of the present study (3 years 3 months), prevalence of S. maltophilia in the cohort was 23%, comparable to the 25.1% prevalence reported by Stanojevic et al. for an 11-year period [15]. The difference between annual prevalence and prevalence over the whole study period can be attributed to high year-to-year turn-over of patients with intermittent colonization.

The high prevalence of S. maltophilia found in this cohort is mainly due to a high rate of intermittent colonization: 12.2%, versus 2.8% chronic colonization, which means that intermittent colonization was four times greater than chronic colonization. These observations were different from the other cohorts, in which chronic colonization was either equivalent [START_REF] Barsky | Incident Stenotrophomonas maltophilia infection and lung function decline in cystic fibrosis[END_REF] or less important [START_REF] Waters | Stenotrophomonas maltophilia in cystic fibrosis: serologic response and effect on lung disease[END_REF] than chronic colonization. Toronto's team reported 7% of chronic colonization in their cohort [START_REF] Waters | Stenotrophomonas maltophilia in cystic fibrosis: serologic response and effect on lung disease[END_REF]. The 2.8% rate of chronic colonization in the present study was lower, but it is difficult to draw any conclusion, as our definition of chronic colonization was more restrictive.

In our study, throat swabs were more frequently positive in patients with intermittent colonization, raising questions about the value of this type of sample in defining airway colonization in a CF patient. Although some studies highlighted that throat swabs cultures were poor predictors of pathogens, others found a good concordance with cultures obtained from a bronchoalveolar lavage [START_REF] Ramsey | Predictive value of oropharyngeal cultures for identifying lower airway bacteria in cystic fibrosis patients[END_REF][START_REF] Armstrong | Bronchoalveolar lavage or oropharyngeal cultures to identify lower respiratory pathogens in infants with cystic fibrosis[END_REF][25][26]. However, oropharyngeal cultures may underestimate bacteria associated with airway inflammation, that is why in studies aiming at deciphering the impact of S. maltophilia on lung function and clinical state, only sputum samples should be included. For non-expectorating patients, induced sputum could be useful as for

P. aeruginosa.

The high prevalence of S. maltophilia in the Roscoff CF center may not be an isolated case, but remains unexplained. Some reassurance can be found in the fact that prevalence did not rise between 2012 and 2017. S. maltophilia is remarkable for its multiple natural resistance, to most penicillins and cephalosporins, carbapenems, aminosides and macrolides. It easily acquires resistance to antibiotics, by various mechanisms: production of β-lactamases or other enzymes that modify the antibiotics, and efflux pumps [START_REF] Chang | Update on infections caused by Stenotrophomonas maltophilia with particular attention to resistance mechanisms and therapeutic options[END_REF]. In the present cohort, the highest susceptibility was to minocycline (94.3%), followed in decreasing order by cotrimoxazole (76.9%), levofloxacin (61.3%), ticarcillin-clavulanate (59.4%), ceftazidime (41.9%), and ciprofloxacin (27%), in concordance with previous studies [START_REF] Denton | Molecular epidemiology of Stenotrophomonas maltophilia isolated from clinical specimens from patients with cystic fibrosis and associated environmental samples[END_REF][START_REF] Gabriel | Antimicrobial susceptibility and synergy studies of Stenotrophomonas maltophilia isolates from patients with cystic fibrosis[END_REF]. S. maltophilia isolates from CF patients (who usually undergo numerous antibiotics courses) show less susceptibility than those from the general population, although with identical efficacy ranking [START_REF] Chang | Update on infections caused by Stenotrophomonas maltophilia with particular attention to resistance mechanisms and therapeutic options[END_REF]. Patients with chronic colonization showed significantly fewer strains of S. maltophilia susceptible to ticarcillinclavulanate (p<0.005; OR, 0.30), ceftazidime (p<0.001; OR, 0.25) or cotrimoxazole (p<0.0001; OR, 0.12) than patients with intermittent colonization. To determine whether this was due to primary resistance or to resistance acquired during the infection, resistance profiles at first and last isolation of S. maltophilia were compared between patients with chronic and intermittent colonization. No differences were found in initial isolates, whereas the last isolates from chronically as compared to intermittently colonized patients showed significantly lower susceptibility to ticarcillin-clavulanate (p<0.01; OR, 0.11), cotrimoxazole (p<0.05; OR, 0.14), and levofloxacin (p<0.05; OR, 0.21). This clearly shows acquisition of resistance during chronic infection.

In the present cohort, the rate of co-colonization by S. aureus (p<0.0001; OR, 12.5), and nonmucoid P. aeruginosa (p<0.05; OR, 2.5) was higher in chronic than in intermittent S. maltophilia colonization. This may be due to the disease stage, as chronic S. maltophilia colonization was reported in patients with advanced CF, and the prevalence of S. aureus and P. aeruginosa colonization increases with advancing CF [START_REF] Goss | Detecting Stenotrophomonas maltophilia does not reduce survival of patients with cystic fibrosis[END_REF][START_REF] Goss | Association between Stenotrophomonas maltophilia and lung function in cystic fibrosis[END_REF].

These data are of particular interest because S. maltophilia infection in patients with persistent S. aureus colonization has been described as a risk factor for worse lung function [START_REF] Junge | Factors associated with worse lung function in cystic fibrosis patients with persistent Staphylococcus aureus[END_REF]. The frequency of co-colonization with MRSA (11.9%) and P. aeruginosa (31.4%) in patients infected with S. maltophilia in the Roscoff cohort is equivalent to the frequencies reported by Berdah et al. (12% of MRSA, 29% of P. aeruginosa) [START_REF] Berdah | Stenotrophomonas maltophilia: A marker of lung disease severity[END_REF], but lower than those described by Barsky et al. (28% of MRSA 28%, 67% of P. aeruginosa) [START_REF] Barsky | Incident Stenotrophomonas maltophilia infection and lung function decline in cystic fibrosis[END_REF], and lower than those of the entire Roscoff cohort (17.9% of MRSA, 46.6% of P. aeruginosa).

Studies of the impact of co-colonization on acquisition of S. maltophilia are divergent.

According to Marchac et al., colonization by A. fumigatus is a risk factor for S. maltophilia infection, unlike colonization by B. cepacia, P. aeruginosa or S. aureus [START_REF] Marchac | Case-control study of Stenotrophomonas maltophilia acquisition in cystic fibrosis patients[END_REF]. On the other hand, Stanojevic et al. considered chronic P. aeruginosa, B. cepacia, and Aspergillus infection to be protective against acquisition of S. maltophilia [15].

S. maltophilia has been clearly identified as a marker of lung disease severity in CF patients. Indeed, its acquisition occurs in patients with worse lung function, more frequent exacerbations, hospitalizations, and intravenous antibiotic therapy [START_REF] Goss | Detecting Stenotrophomonas maltophilia does not reduce survival of patients with cystic fibrosis[END_REF][START_REF] Goss | Association between Stenotrophomonas maltophilia and lung function in cystic fibrosis[END_REF][START_REF] Berdah | Stenotrophomonas maltophilia: A marker of lung disease severity[END_REF][START_REF] Wagener | Pulmonary exacerbations and acute declines in lung function in patients with cystic fibrosis[END_REF]. However, the clinical impact of S. maltophilia according to its colonization status is not clearly established. In the early 2000s, two retrospective studies found no impact of chronic colonization on survival [START_REF] Goss | Detecting Stenotrophomonas maltophilia does not reduce survival of patients with cystic fibrosis[END_REF][START_REF] Goss | Association between Stenotrophomonas maltophilia and lung function in cystic fibrosis[END_REF]. Later, several retrospective studies based on the Toronto CF database, showed chronic S. maltophilia infection to be an independent risk factor for exacerbation, requiring hospital admission, multiplying the risk of death or lung transplantation 3-fold [START_REF] Waters | Stenotrophomonas maltophilia in cystic fibrosis: serologic response and effect on lung disease[END_REF][START_REF] Waters | Chronic Stenotrophomonas maltophilia infection and exacerbation outcomes in cystic fibrosis[END_REF][START_REF] Waters | Chronic Stenotrophomonas maltophilia infection and mortality or lung transplantation in cystic fibrosis patients[END_REF]15]. More recently, a North American team observed that the acquisition of S. maltophilia is associated with an accelerated decline in pulmonary function and that chronic colonization is associated with an increase in the rate of hospitalization [START_REF] Barsky | Incident Stenotrophomonas maltophilia infection and lung function decline in cystic fibrosis[END_REF].

Another recent French study showed that in pediatric CF patients, S. maltophilia infection is associated with more frequent exacerbations, hospitalizations, and intravenous antibiotic administration, but not with a decline in respiratory function [START_REF] Berdah | Stenotrophomonas maltophilia: A marker of lung disease severity[END_REF].

Our study has several limitations. First, the strict criteria applied to define the colonization status had limited the sample size for which we could determine colonization status. Second, as this was a single-center retrospective study focused mainly on microbiological data, no clinical data have been collected; Therefore this study did not allow any conclusions about the impact of S. maltophilia on clinical state of CF patients.

Conclusion

The present study described the epidemiology of S. maltophilia in a French CF center. In terms of natural history, the present results confirm that acquisition does not systematically become chronic, and that eradication was observed in two out of the 11 patients with chronic colonization. CF patients with chronic S. maltophilia colonization were significantly more often co-colonized by MSSA (p<0.0001; OR, 5.1), and non-mucoid P. aeruginosa (p <0.05; OR, 2.5). In the course of chronic infection, S. maltophilia acquired resistance to cotrimoxazole and β-lactams, further complicating management of an already complex chronic colonization in the absence of treatment guidelines. The role of antibiotics in treating early S. maltophilia colonization and chronic S. maltophilia infections in CF remains to be determined, as randomized controlled trials are lacking [START_REF] Amin | Antibiotic treatment for Stenotrophomonas maltophilia in people with cystic fibrosis[END_REF], and as guidelines have low levels of evidence [START_REF]Consensus documents[END_REF][START_REF] Döring | Treatment of lung infection in patients with cystic fibrosis: current and future strategies[END_REF]. 
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