
Inhaled antibiotic use is associated with Scedosporium/
Lomentospora species isolation in cystic fibrosis

Gina Hong, MD, MHS1, Noah Lechtzin, MD, MHS2, Denis Hadjiliadis, MD, MHS1, Steven M. 
Kawut, MD, MS1,3

1Department of Medicine, Pulmonary, Allergy, and Critical Care Division, University of 
Pennsylvania Perelman School of Medicine, Philadelphia, Pennsylvania 2Division of Pulmonary 
and Critical Care Medicine, Department of Medicine, Johns Hopkins University, Baltimore, 
Maryland 3Center for Clinical Epidemiology and Biostatistics, University of Pennsylvania Perelman 
School of Medicine, Philadelphia, Pennsylvania

Abstract

Introduction: Prevalence of fungi has been rising in the cystic fibrosis (CF) population. 

Scedosporium species (spp) is the second most common mold seen in the CF respiratory tract. 

However, the characteristics associated with Scedosporium isolation and its clinical implications 

are poorly understood. The goal of this study was to determine clinical factors associated with 

Scedosporium spp to better understand the mechanisms that may contribute to the emergence of 

filamentous fungi in CF.

Methods: We conducted a retrospective cohort study of subjects followed in the CF Foundation 

Patient Registry between January 1, 2010 and December 31, 2012. Patients under 6 years of age, 

history of solid organ transplantation, and insufficient respiratory culture data were excluded. We 

used a multivariable logistic regression model to determine demographic data and baseline disease 

characteristics, medications and co-infections associated with Scedosporium spp recovery in CF 

sputum.

Results: Among 19 023 subjects, prevalence of Scedosporium spp was 615 (3.2%). Older age 

(odds ratio [OR] 1.16, 95% confidence interval [CI] 1.07, 1.26) and white race (OR 1.69, 95% CI 

1.09, 2.63) were the demographic factors associated with Scedosporium spp isolation. Inhaled 

antibiotic use had a significant association with Scedosporium isolation (OR 2.01, 95% CI 1.61, 

2.52). For every additional course of intravenous antibiotics, the odds of Scedosporium isolation 

increased by 8% (OR 1.08, 95% CI 1.03, 1.14).
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Conclusions: The association between inhaled antibiotics and Scedosporium informs us that 

chronic inhaled antibiotics may be playing a role in Scedosporium isolation. Further investigation 

to better characterize this relationship is necessary.
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1 | INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessive disease that affects approximately 30 000 in 

the United States alone.1 Over 2000 mutations in the cystic fibrosis transmembrane 

conductance regulator (CFTR) gene cause reduced chloride transport affecting multiple 

organs.2,3 CFTR absence or dysfunction in the respiratory epithelium contributes the 

greatest morbidity and mortality in men and women with CF. Chronic airway infections are 

responsible for the development of bronchiectasis, progressive airflow obstruction, and 

eventually respiratory failure, the leading cause of death in the CF population.1 Chronic 

bacterial infections, such as Pseudomonas aeruginosa (Pa), Burkholderia cepacia complex, 

and Staphylococcus aureus, have traditionally been considered the culprits responsible for 

much of the comorbidity of CF; however, filamentous fungi have been increasingly observed 

in the CF airway within the past two decades.4–7

Scedosporium species (spp) is the second most common mold seen in the CF lung after 

Aspergillus spp.7–11 Scedosporium apiospermum complex (includes S. apiospermum sensu 
stricto, S. boydii, and S. auranticum) and Lomentospora prolificans (formerly known as 

Scedosporium prolificans) have been identified in CF hosts.12–16 Despite this, little is known 

about the characteristics associated with isolation of Scedosporium spp from CF sputum. 

Furthermore, there is poor understanding of the clinical implications of its detection in the 

airway, with the exception of its role after CF lung transplantation.17,18 Case reports and 

series have described improved outcomes with antifungal therapy in CF patients chronically 

colonized with S. apiospermum complex.10,13,19,20 However, systematic investigation of this 

topic is lacking. The objective of our study was to determine clinical factors associated with 

the isolation of Scedosporium spp to better understand the mechanisms that may be 

contributing to emergence of filamentous fungi in CF.

2 | MET H ODS

2.1 | Study design and participants

This was a retrospective cohort study of participants in the Cystic Fibrosis Foundation 

Patient Registry (CFFPR), a high-quality encounter-based database capturing demographic, 

clinical factors, and microbiology culture results of CF patients receiving care in the United 

States.21

We included subjects followed in the CFFPR between January 1, 2010 and December 31, 

2012. We chose this start date as it was also the date that “Scedosporium species” was 

initially collected in the CFFPR. Patients under 6 years of age (less reliable respiratory 
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specimen collection), history of solid organ transplantation, and insufficient respiratory 

culture data (defined as less than three cultures during study period) were excluded. 

Encounters after lung transplantation during the study period were excluded.

The primary outcome of interest was growth of Scedosporium spp in sputum culture during 

the study period. The secondary outcome was persistent isolation of Scedosporium, defined 

as two or more cultures which grew Scedosporium. This variable is defined at the genus 

level but does not differentiate the species level. Notably, a change in the taxonomy of 

Scedosporium spp, specifically Scedosporium prolificans to Lomentospora prolificans 
occurred in 2014,22 which should not affect this study sample.

The independent variables in the study included the following: age (in 10 year intervals), 

sex, race (white or non-white), F508del genotype (F508del homozygous or not), pancreatic 

insufficiency (determined by use of pancreatic enzymes in registry), body mass index (BMI) 

percentile (in 10 percent increments), BMI, CF related diabetes, forced expiratory volume in 

one second (FEV1) percent predicted (in 10 percent intervals), inhaled antibiotic use 

(determined by use of inhaled tobramycin, colistin, aztreonam, and/or other inhaled amino-

glycoside), chronic macrolide use, number of intravenous (IV) antibiotic courses per year, 

inhaled corticosteroid use, Pa, methicillin-resistant Staphylococcus aureus (MRSA), 

Burkholderia cepacia complex (B. cepacia), and total number of encounters during the study 

period. With the exception of the total number of encounters during the study, all variables 

were used as coded at the patient’s first assessment in the time period of interest. Additional 

variables of interest in the CFFPR, such as oral antibiotic and oral corticosteroid, were 

considered, but not included in the analysis, due to inability to distinguish short-term (ie, 

treatment for a pulmonary exacerbation) or long-term (ie, chronic maintenance therapy) use.

2.2 | Statistical analysis

Baseline demographic, clinical variables, and microbiological data were compared between 

subjects with isolated Scedosporium to those without using t-tests for continuous variables 

and chi-square for categorical variables. Unadjusted relationships between individual factors 

and Scedosporium isolation were investigated using simple logistic regression. We used a 

multivariable logistic regression model and forced in total number of encounters during the 

study period. The covariates included in the final model were chosen based on clinical 

knowledge and univariate relationship with P-value <0.20. Subgroup analyses for children 

(baseline age <18 years) and adults (baseline age > = 18 years) incorporated body mass 

index (BMI) percentile for children and BMI for adults in the multivariable models. A 

sensitivity analysis omitting subjects 36 years or older at baseline was conducted. Pearson 

goodness-of-fit test was performed for model checking with P-value >0.05. Variables were 

examined for collinearity using chi-square, including Pa, inhaled antibiotic use, and 

macrolides. Results of univariate and multivariable logistic regression models are presented 

as odds ratios (OR) with corresponding 95% confidence intervals (CI). Statistical 

significance was defined as a P-value <0.05. Missing values of the independent variables 

were noted in 2.8% of the population. Subjects with missing data were omitted and complete 

case analysis was performed. Analyses were performed by STATA version 11.0 (StataCorp, 

College Station, TX). The study was reviewed and approved by the institutional review 
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boards of the Johns Hopkins School of Medicine (NA_00088963) and University of 

Pennsylvania Perelman School of Medicine (829312).

3 | RESULTS

In 2010, 29 177 subjects were registered in the CFFPR. A total of 9612 (32.9%) individuals 

were excluded based on eligibility criteria and 542 (2.8%) subjects with incomplete data 

were omitted, leaving 19 023 in our study sample (Figure 1). Subjects entered the cohort at 

any point during the study period and remained in the study until solid organ transplantation, 

death, or December 31, 2012. During the study period, 344 subjects underwent organ 

transplant, 359 subjects died, and 615 subjects isolated Scedosporium at least once. 

Prevalence of Scedosporium isolation was 3.2%. Persistent Scedosporium isolation was 

found in 322 subjects (1.7%). Among the persistent cases, Scedosporium was isolated an 

average of 4.30 times (standard deviation 3.01) with a range of 2–22 occurrences during the 

study period.

Baseline characteristics were compared between subjects with Scedosporium isolation and 

without Scedosporium isolation (Table 1). Female sex, white race, lower BMI/BMI 

percentile, lower FEV1 percent predicted, pancreatic insufficiency, CF related diabetes 

mellitus, inhaled antibiotics, chronic macrolides, higher number IV antibiotic courses, and 

Pa co-infection were observed to a greater degree in the Scedosporium group compared to 

individuals without Scedosporium isolation. Weak correlation was seen between Pa status 

and inhaled antibiotics by chi-square testing.

The unadjusted and adjusted associations between individual factors and Scedosporium 
isolation are represented in Table 2. Older baseline age, by 10 year intervals (OR 1.16, 95% 

CI 1.07, 1.26, P < 0.001) and white race vs non-white (OR 1.69. 95% CI 1.09, 2.63, P = 

0.02) were the demographic factors associated with Scedosporium isolation. Inhaled 

antibiotic use had a significant association with Scedosporium isolation (OR 2.01, 95% CI 

1.61, 2.52, P < 0.001). For every additional course of IV antibiotics, the odds of 

Scedosporium isolation increased by 8% (OR 1.08, 95% CI 1.03, 1.14, P = 0.04). The 

associations between host factors and persistent Scedosporium isolation are shown in Table 

3. In the adjusted model, similar associations were observed for age (OR 1.15, 95% CI 1.03, 

1.28, P = 0.01), inhaled antibiotics (OR 2.10, 95% CI 1.52, 2.90, P < 0.001), and number of 

IV antibiotic courses (OR 1.13, 95% CI 1.06, 1.21, P < 0.001).

In the age-stratified analyses, higher BMI in adults was associated with a lower probability 

of Scedosporium isolation; however, this relationship between BMI percentile and 

Scedosporium isolation was not seen in children (Table S1). Consistent with the primary 

models, inhaled antibiotic use was the only additional risk factor for Scedosporium isolation 

in both children and adults. Pa had a positive association with Scedosporium isolation in 

children (OR 1.48, 95% CI 1.11, 1.97, P = 0.007), but negative relationship in adults (OR 

0.72, 95% CI 0.56, 0.92, P = 0.01). In children, pancreatic insufficiency was an independent 

risk factor for Scedosporium isolation (OR 2.52, 95% CI 1.10, 5.74, P = 0.03). In a 

sensitivity analysis of subjects age 6 to 35 years (n = 16 808), similar relationships between 

inhaled antibiotics and Scedosporium isolation (OR 1.95, 95% CI 1.53, 2.49, P < 0.001) and 
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IV antibiotic courses (OR 1.07, 95% CI 1.01, 1.13, P = 00.2) and Scedosporium isolation 

were seen (data not shown). Female sex (OR 1.17, P = 0.08) and pancreatic insufficiency 

(OR 1.43, P = 0.07) in this younger cohort trended toward increased Scedosporium isolation, 

but did not meet statistical significance. Post hoc analysis was conducted to explore the 

differences of Pa status in children and adults and demonstrated an interaction between Pa 
and age (P for interaction <0.001, Table S2). Additionally, a subgroup analysis by Pa status 

was conducted to further evaluate the relationship between inhaled antibiotic use and 

Scedosporium isolation. In the multivariable model in those without Pa (n = 7823), the 

association between inhaled antibiotics and Scedosporium remained strong, OR 2.20, 95% 

CI 1.57, 3.08, P < 0.0001. Similarly, in subjects with Pa (n = 11 200), inhaled antibiotics was 

associated with Scedosporium isolation; however, the association was attenuated, OR 1.72, 

95% CI 1.28, 2.31, P < 0.001 (data not shown).

4 | DISCUSSION

This retrospective analysis sheds light on the clinical and host characteristics associated with 

Scedosporium isolation in a United States CF population. To our knowledge, this is largest 

study of CF patients addressing the epidemiology of Scedosporium spp. Existing data have 

focused on Aspergillus fumigatus and non-fumigatus spp in the CF lungs; however, there has 

been increasing interest in the recovery and role of Scedosporium/Lomentospora spp in the 

CF respiratory tract. Much of the published literature on epidemiology of Scedosporium spp 

and other filamentous fungi in CF has largely originated from Europe and Australia, with the 

exception of our previous work.7,23,24 The prevalence of Scedosporium/Lomentospora spp 

found in our study is similar to numbers published in existing US studies, ranging from 

1.3% and 2.3%.7,8,23 Of note, the CF Foundation infection control guidelines strongly 

recommend quarterly bacterial respiratory culture evaluation and annual mycobacterial 

sampling.25,26 However, there are no guidelines for fungal culture evaluation. The reported 

prevalence of Scedosporium/Lomentospora spp is greater in European and Australian 

studies (3.3–10.6%), most of which employed a Scedosporium-selective culture media.
9,11,27–29 As clinicians’ practices and microbiology laboratory protocols for mycological 

evaluation vary (eg, utilization of selective fungal culture media, frequency of fungal culture 

testing), the observed differences in prevalence of Scedosporium isolation between the 

United States and other countries are not surprising.

The source and pathogenesis of Scedosporium/Lomentospora spp isolation in the human 

respiratory tract are unclear. Scedosporium spp have been associated with soil and livestock 

feces, and nearly exclusively limited to the outdoor environment.30 However, an 

environmental study investigating samples in homes of CF patients, including air, garden 

soil, pet litter, bathroom water, identified only potted plants as a potential source of 

Scedosporium contamination.31 Within our registry analysis, environmental factors, such as 

possession of potted plants, cannot be ascertained, but conceptually plausible.

Our study demonstrated use of inhaled antibiotics was associated with a greater risk of 

Scedosporium isolation and persistence (OR 2.01, P < 0.001 and 2.10, P < 0.001 

respectively). This relationship held in both children and adults in the age-stratified analysis 

as well. Chotirmall et al suggests that prolonged antibiotic use may facilitate growth of fungi 
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in CF patients.32 Inhaled antibiotic exposure has been identified as a potential risk factor for 

Aspergillus spp in several studies.6,24,33–35 In the most compelling study, Burns et al 

conducted a post hoc analysis of the clinical trials data comparing chronic intermittent 

inhaled tobramycin with placebo in CF patients and found that tobramycin increased the 

isolation of Aspergillus spp compared to that in the placebo group (18% vs 8%, P = 0.001).
36 A clear independent association between inhaled antibiotics and Scedosporium isolation 

has not been previously described; albeit only pursued in one single-center study.37 An 

alternative mechanism to explain this relationship could be fungal contamination of 

nebulizer equipment permitting an avenue for conidial inhalation. However, Scedosporium 
spp was not isolated on nebulizer surfaces in the only published study on this topic, making 

this less likely.38 Parize et al did not find inhaled antibiotics to be associated with 

Scedosporium apiospermum complex seropositivity14; however, there was no report on the 

relationship between inhaled antibiotics and Scedosporium status by culture. Pa may inhibit 

the growth of Scedosporium and Lomentospora spp in vitro,39 which could explain the 

positive association between antipseudomonal inhaled antibiotics and Scedosporium 
isolation; however, a negative relationship between Pa isolation itself was not observed in 

our data. Furthermore, the positive association between inhaled antibiotics and 

Scedosporium remained in the Pa-negative individuals in the subgroup analysis, suggesting 

inhaled antibiotics may independently play a role in Scedosporium isolation and recovery. 

(However, “Pa-negative” represents their Pa status during the baseline year and does not 

exclude previous Pa isolation prior to the study period.) We also observed a positive 

relationship between the number of IV antibiotic courses for pulmonary exacerbations 

during the baseline year and Scedosporium isolation (OR 1.08, P = 0.04). Interestingly, the 

effect estimates of inhaled antibiotic usage and IV antibiotic exposure were slightly greater 

in the persistent Scedosporium isolation model, which strengthens these independent 

relationships. Our findings highlight the potential relationship between chronic or recurrent 

antibiotic exposure and its effects on the CF airway microenvironment. A probable 

mechanism is the antibiotic exposure results in decreased bacterial density permitting the 

condition for fungi to thrive. The other plausible explanation is that sicker patients require 

more antibiotics and Scedosporium isolation may represent the more diseased phenotype. As 

these findings require further exploration, our data should not suggest that inhaled and IV 

antibiotic use, which are important proven treatment modalities that incur clinical benefit in 

the CF population, should be tempered.

Older age was independently associated with both isolation and persistence of 

Scedosporium. The mean age of Scedosporium positive subjects was 22.9 years (Table 1). 

Older age has been highlighted in several studies as a potential risk factor for filamentous 

fungi.7,34,40 The average age of first isolation of Scedosporium spp in CF has been described 

as approximately 14.5 years.10 In contrast, younger age was associated with Scedosporium/
Lomentospora colonization in a German CF cohort.15 The detection of fungi in older 

individuals may be due sampling bias, given less reliable microbiological data in younger 

children unable to expectorate sputum. Further study of this relationship is necessary.

Although baseline characteristics depicted in Table 1 suggested that sicker individuals 

(pancreatic insufficiency, CF related diabetes, lower FEV1 percent predicted, Pa positivity, 

and greater number of IV antibiotic courses) isolated Scedosporium spp, clinical markers of 
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disease severity, such as FEV1 percent predicted, pancreatic insufficiency, and co-infections 

were not independently associated with Scedosporium positivity in the adjusted model 

(Tables 2 and 3). However, the age-stratified analysis suggests that this notion may hold true 

in younger aged children. Pancreatic insufficiency (OR 2.52, P = 0.03) and Pa status (OR 

1.48, P = 0.007) were positively associated with Scedosporium isolation in children. In 

contrast, in adults, the effect estimates between pancreatic insufficiency, FEV1 percent 

predicted, and Pa were in the opposite direction (odds ratios less than one). This may be 

impacted by the heterogeneity of CF adults spanning 18–81 years (ie, milder phenotypes 

with residual function mutations) and potential survival bias where sicker individuals would 

receive lung transplantation or die prior to adult age. A sensitivity analysis omitting subjects 

aged 36 years or greater demonstrated a trend for pancreatic insufficiency and Pa status at 

baseline to be associated with increased Scedosporium isolation (OR 1.43, P = 0.07 and OR 

1.19, P = 0.10 respectively); supporting this hypothesis (data not shown). In this analysis of 

subjects age 6 through 35 years, inhaled antibiotics (OR 1.95, P < 0.001) and IV antibiotic 

episodes during baseline year (OR 1.07, P = 0.02) were consistently associated with 

Scedosporium isolation. Also, the significant interaction between age and Pa colonization 

further reveals that Pa may be independently associated with Scedosporium isolation in 

younger individuals with CF, representing the more classic CF phenotype (Table S2). An 

unexpected finding was the negative relationship between MRSA status and Scedosporium 
status in children (OR 0.57, P < 0.001), which has not been described previously (Table S1). 

Although the mechanism is unclear, one could hypothesize that MRSA may competitively 

inhibit Scedosporium growth on culture media.

Our study does have limitations, particularly due to the nature of our retrospective registry-

based study. However, the accuracy of the CFFPR and clear advantages of evaluating the 

impact of therapies are well-established.21,41 It is important to emphasize that the United 

States does not employ a standardized approach for fungal detection or surveillance in the 

CF population. In turn, the heterogeneous practices likely affect the recovery and report of 

Scedosporium spp in the registry. Furthermore, Scedosporium/Lomentospora spp are 

challenging to isolate on traditional bacteria culture and standard fungal culture media due to 

the presence of competing organisms. Scedosporium-selective agars have demonstrated 

better detection of Scedosporium spp; however, these methods are not the clinical standard 

and this practice is absent in the United States.42 The most evident limitation is our study’s 

inability to delineate a temporal or causal relationship between the identified risk factors and 

Scedosporium isolation and persistence. It is plausible that Scedosporium isolation is merely 

a marker for disease severity; distinguishing this would be impossible in a retrospective 

study. We attempted to address this by utilizing baseline status of variables. The short study 

period of 3 years limited our ability to evaluate the temporal relationships further. Despite 

this limitation, we achieved our objective to identify potential independent relationships for 

future studies. Due to the retrospective nature of the analysis, risk for information bias, and 

residual confounding cannot be avoided. However, our multivariable analysis adjusted for 

pertinent host characteristics and number of total encounters during the study period. 

Missing or incomplete data was present in approximately 2% of the eligible population, 

which is unlikely to result in significant bias.43 Finally, the CFFPR captures only culture-

based results alone. Despite suggestion of greater detection, serological evaluation, and 
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molecular detection of Scedosporium/Lomentospora spp does not routinely occur in clinical 

centers and therefore, not collected in the CFFPR.44

The impact of fungi in the CF airway, specifically Scedosporium/Lomentospora, is not yet 

known and requires rigorous investigation.18,45 Parize et al did not detect an association 

between Scedosporium apiospermum complex serologic status with lung function; however, 

the association between culture positivity was not evaluated.14 Although several case reports 

suggest that persistent isolation of Scedosporium/Lomentospora may represent infection and 

negatively impact CF lung health, this question remains unanswered. For CF patients with 

end-stage lung disease, greater understanding of the development, detection, and treatment 

of Scedosporium/Lomentospora is imperative given the potential implications of the 

multidrug resistant organisms, particularly Lomentospora prolificans, on lung transplant 

candidacy.46,47

In conclusion, our study discovered a positive relationship between inhaled and IV 

antibiotics and Scedosporium isolation in the CF respiratory tract, in addition to other 

demographic factors. Although our analysis cannot confirm a causal relationship, it informs 

us that chronic inhaled antibiotic use may be affecting the microbial environment of the 

airway or individuals with Scedosporium/Lomentospora isolation and persistence may 

reflect illness severity and increased treatment burden of inhaled antibiotics. Both potential 

explanations for our findings require further investigation with time-dependent analyses as 

data in the CFFPR continues to grow; with the consideration that the taxonomic change in 

Scedosporium spp in 2014 may affect the interpretation.
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FIGURE 1. 
Flow diagram for study population
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