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Clinical implications of fungal isolation from sputum in adult patients with cystic fibrosis
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1. Introduction	
Cystic fibrosis (CF) is an autosomal recessive multisystemic 
disease characterized by defective chloride (Cl–) channel 
transport and frequent respiratory infections leading to 
bronchiectasis and bacterial airway colonization later 
in life. Over the past years, novel therapeutic agents 
have been developed altering the natural course of the 
disease and prolonging mean life expectancy of these 
patients. This improvement in life expectancy has brought 

an ever growing population of CF patients surviving 
into adulthood [1,2]. The most important factors that 
determine the prognosis, mortality, and morbidity of 
this debilitating disease are chronic bacterial airway 
infections and respiratory failure secondary to acute 
exacerbations. Bacterial agents most frequently implicated 
in airway colonization and infection are Haemophilus 
influenzae, Staphylococcus spp. and Pseudomonas spp. 
Previously, several studies have been conducted to shed 
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in patients with cystic fibrosis is insufficient for the diagnosis of fungal diseases. There is limited data about the clinical significance of 
fungal isolation in sputum cultures. The aim of the study was to investigate the clinical outcomes andsignificance of fungal isolation 
from sputum samples in adult CF.

Materials and methods: This retrospective study included patients who have been admitted between October 2017 and January 2019 
in an adult cystic fibrosis unit. Patients were grouped according to fungal pathogenicity as; fungal disease group, colonization group, 
and nonisolated group. The data of the last one year, including demographics, clinical data, laboratory, treatment modalities, results of 
cultured bacteria and fungus from sputum samples, respiratory function parameters, frequency of exacerbation, and hospitalizationwere 
compared between groups.

Results: A total of 330 sputum samples from 88 adult patients with CF were collected. Patients were divided into 3 groups, the fungal 
disease group (n = 10, 11.4%), colonization group (n = 49, 55.7%), and nonisolated group (n = 29, 32.9%). Presence of pulmonary 
exacerbation, number of admissions to emergency department, and the number of positive cultures for bacteria from sputum were 
higher in the fungal disease group (p = 0.03, p = 0.01 and p < 0.001). The fungal disease group had higher rate of antibiotics by 
parenteral routethan other groups (p = 0.001) whereas lung functions were similar. Use of nutritional supplementation and parenteral 
antibiotherapy were the factors associated with elevated risk of fungal isolation.

Conclusion: Frequent use of parenteral antibiotics and use of nutritional supplementation were found to be independent risk factors for 
fungal isolation from sputum in adult CF. 

Key words: Adult cystic fibrosis, sputum, fungi

Received: 09.06.2020              Accepted/Published Online: 12.01.2021              Final Version: 28.06.2021

Research Article

This work is licensed under a Creative Commons Attribution 4.0 International License.

https://orcid.org/0000-0001-5230-1575
https://orcid.org/0000-0003-0530-2115
https://orcid.org/0000-0002-5050-7147
https://orcid.org/0000-0002-2357-0124
https://orcid.org/0000-0001-7943-8715
https://orcid.org/0000-0002-2256-3619
https://orcid.org/0000-0003-2907-257X
https://orcid.org/0000-0001-9021-0439
https://orcid.org/0000-0001-9807-6764
https://orcid.org/0000-0002-0334-6336
https://orcid.org/0000-0001-9931-9473
https://orcid.org/0000-0003-1587-5216
https://orcid.org/0000-0003-1261-7393
https://orcid.org/0000-0001-7475-3775


IRMAK et al. / Turk J Med Sci

1192

light on the effects of bacterial infections on disease 
progression [3]. Frequent antibiotic and inhaled steroid 
use may predispose to orofarengeal and airway fungal 
colonizations [3–5]. Isolation of fungal species is more 
common among adult CF patients owing to bronchiectasis 
and airway colonization in this group that emanates from 
chronic pulmonary infections [6,7]. Aspergillus spp. and 
Candida spp. have high prevalence in adult CF patients 
(8). Aspergillus fumigatus is the most commonly isolated 
filamentous fungus from adult patients’ sputum which 
varies from 6% to 58% and this variation is explained 
by forecast different areas, differences in methods of 
culture and difference in climatic conditions [9,10]. The 
prevalence of allergic bronchopulmonary aspergillosis 
(ABPA) is higher in adulthood than childhood (10.1% 
vs. 8.9%) [11]. This condition is diagnosed by presence 
of pulmonary infiltrates on chest radiography, detection 
of immunoglobulin G (IgG) and immunglobulin E (IgE) 
antibodies specific for A. fumigatus, and elevated total IgE 
[12]. The clinical significance of isolation of A. fumigatus in 
CF patients’ sputum other than ABPA is unknown. Recent 
studies have shown that ABPA is likely to be a prognostic 
factor for progression of disease and deterioration of lung 
function [3,13]. Candida albicans, on the other hand, 
is a common yeast that is isolated from sputum in up to 
75% of patients with CF [4,9].The importance of Candida 
isolation is unknown, although limited studies have shown 
that it is related to worsening of lung functions [14,15]. 
Limited data exists with regards to fungal species and their 
potential role in CF lung infections. Moreover, there is lack 
of sufficient evidence to implicate fungal colonization or 
infection in CF disease progression and clinical outcomes. 
It is thought that fungal pathogens will achieve increasing 
significance as there are important causes associated with 
CF pulmonary infection or deterioration in lung function 
[16]. Putting the evidence gap into consideration, the aim of 
the present study was to investigate clinical characteristics, 
pulmonary functions, and treatment modalities of adult 
CF patients that had fungi isolated from their sputum 
samples, as well asthe clinical significance of fungal 
isolation.

2. Materials and methods
This retrospective cohort study was conducted in the 
Department of Chest Diseases, at the Adult Cystic 
Fibrosis Unitin the University School of Medicine. The 
study was approved by the local ethics committee of 
the University of Medical Faculty Hospital (Ankara–
Turkey–22.01.2019/03-25). Ethical approval was obtained 
in accordance with the Helsinki Declaration. Data were 
collected from patients’ files in the hospital database. Due 
to the retrospective nature of the study, informed consent 
was not obtained from the patients for the use of medical 
data for publication purposes with the approval of the local 

scientific committee. All patients’ ID information was kept 
confidential.
2.1. Patients
Patients who have been admitted between October 2017 
and January 2019 were retrospectively evaluated. The 
patient population of the study consisted of all adult 
cystic fibrosis patients (ages 18 and older) who were 
followed at the study center in the study time period. In 
all patients, the diagnosis of CF was determined by clinical 
features associated with positive sweat test (chloride> 60 
mmol/L) and/or cystic fibrosis transmembrane regulator 
(CFTR) mutation analysis. Patients who had a history of 
lung or liver transplantation were excluded. All sputum 
samples collected from patients during the preceeding 
year regardless of whether the presence of pulmonary 
exacerbation were analyzed for fungi. Bronchoscopy was 
not performed on any patient for sampling and all samples 
examined were sputum samples.

Patients were grouped according to fungal 
pathogenicity as; fungal disease group, colonization group, 
and nonisolated group.

Fungal colonization was defined as the positive fungal 
species in ≥1 of sputum cultures without clinical and 
radiological infection signs and/or acute decline in lung 
functions. Patients with any fungal isolation who have 
been evaluated for antifungal treatment, and then who 
received antifungal treatment were defined as the fungal 
disease group. The nonisolated group included patients 
with negative fungal cultures during the previous year.

Decision of the antifungal treatments and the duration 
of these treatments were decided on the patient basis 
by discussing the clinical, laboratory and radiological 
characteristics in the multidisciplinary council (consist of 
department of pediatric pulmonology, adult chest diseases, 
and infectious diseases).
2.2. Data
The data were collected electronically from the hospital 
database. Patient demographics, comorbidities, 
diagnosis age, follow up period (months) at adult CF 
center, type of mutation, total IgE level, hemoglobin, 
leukocyte count, renal and liver function parameters, 
hemoglobin A1c (HgA1c) level, systemic and/or inhaled 
corticosteroid use, number of antibiotherapy use, route of 
antibiotherapy administration (parenteral route), presence 
of history of antibiotherapy(regardless of antibiotherapy 
duration),number of cultured bacteria and fungus 
from sputum samples in the previous year, respiratory 
function parameters, and frequency of exacerbation and 
hospitalization were recorded from patients’ files. The data 
obtained was compared between groups.
2.3. Isolation of fungal and bacterial strains
For mycological cultures, sputum samples were plated on 
Sabouraud dextrose agar (SDA) and incubated at 35 ± 
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2°C and 25 ± 2°C for 7 days. Identification of the isolated 
fungal strains on mycological or bacteriological media (5% 
sheep blood agar, MacConkey agar, chocolate agar with 
bacitracin, mannitol salt agar, and Burkholderia cepacia 
selective agar) at species/species complex level were 
performed using conventional mycological methods [17].

All samples were cultured according to the standard 
diagnostic laboratory protocol, which included testing for 
bacterial organisms that were identified on the basis of 
macroscopic and microscopic morphology.
2.4. Statistical analysis
The data were collected from the files of the patients and 
the operating systems of the hospital and analyzed using 
theSPSS programme v.23.0 (IBM Corp,Armonk, NY, 
USA). The normality of variables were examined with the 
Shapiro–Wilk test, boxplots, and Q-Q plots. Descriptive 
statistics were shown as the median, the 25th, and 75th 
percentiles as the normality assumption was not satisfied. 
Furthermore, for continuous variables independent three 
groups were compared with Kruskal–Wallis variance 
analysis, while categorical variables were compared with a 
chi-square or a likelihood ratio test. The univariate logistic 
regression models were conducted to specify candidate 
variables in multiple logistic regression. The variables 
which are significant at p < 0.25 were chosen as variables 
for multiple logistic regression. Backward elimination 
was performed with those variables. The results of final 
logistic regression models were represented with odds 
ratio (OR), 95% of confidence interval and p-value. The 
level of statistical significance was set at a p-value < 0.05. 
All reported p-values are 2-sided. 

3. Results
During the study period, 88 (97.7%) of the 90 patients 
admitted to the Adult CF Center were enrolled (Figure) in 
to the study. Age range of the study population was 18–43 
years (median 24), and 39 (44.3%) were female.  A total 
of 330 sputum samples were collected and at least one 
positive culture for fungi was collected from 159 (48.1%) 
of them. Patients were divided into 3 groups, the fungal 
disease group (n = 10, 11.4%), colonization group (n = 49, 
55.7%), and nonisolated group (n = 29, 32.9%).

Eighty-four patients (95.5%) have positivity growing 
with bacterial species and median number of bacterial 
culture pozitivity was 3 (1–21 range). Fifty-nine patients 
(67%) had positivity growing with fungal species and 
median number of fungal culture pozitivity was 2 (1–15 
range). Twenty-six (26/59, 44%) of them had fungal 
growth in only one sputum. Both bacterial and fungal 
culture positivity were present in 56 (63.6%) patients.

Candida spp. and Aspergillus spp. were the most 
common fungi isolated, corresponding, respectively, 
to 36 (73%) and 22 (44.9%) in the colonization group, 
and 8 (80%) and 6 (60%) in the fungal disease group. At 
species level, C. albicans and A. fumigatus were the most 
commonly isolated types (n = 30, 61.25% and n = 21, 
42.9%, n = 8, 80%, and n = 5, 50%) (Table 1).

Staphylococcus aureus and Pseudomonas aeruginosa 
were the two most common bacterial species demonstrating 
no difference between the study groups. The third most 
common isolate, meticiline resistant Staphylococcus aureus 
(MRSA), had a higher proportion despite a lower number 

Figure. Flow chart of patients’ distribution.
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in the fungal disease group (n = 4, 40% vs. n = 8, 16.3% 
and n = 5, 17.2%). Acromobacteria and Nocardia were 
the least isolated microorganisms, but were the ones more 
frequently seen in the fungal disease group compared to 
other groups (Acromobacteria; n = 2, 20%, n =4, 8.2%, n= 
0 and Nocardia; n = 2, 20%, n = 1, 2%, n = 0, p=0.04, each). 

Table 2  summarizes the demographics of the groups 
as well as the hospital data, laboratory test results, lung 
function parameters and treatment characteristics. Both 
groups had similar age, BMI (body mass index) and 
comorbidities. ABPA was significantly higher in the fungal 
disease group than other two groups (n = 3, 30%, n = 2, 4.1% 
and n = 2, 6.8%, p = 0.01). The presence of exacerbation 
and number of admission to emergency department in 
the preceeding year were significantly higher in the fungal 
disease group (presence of exacerbation; n = 9, 90%, n = 
22, 44.9%, n = 9, 31%, p = 0.03 and median number of 
admission to emergency; 3.5[1–4.25], 1 [1–2],1 [1–2], p 
= 0.01), whereas both the number of exacerbation and 
hospitalization were similar between all study groups.

Higher C-reactive protein (CRP) and total IgE levels 
were seen in the fungal disease group (p = 0.02 and p = 

0.03). There was no difference in respiratory function 
parameters between groups. In mutation analysis, the 
CFTR locus was examined in 57 (64%) patients. In a total 
of 114 CF chromosomes, 31 different mutations were 
identified in 105 (92.1%) of the alleles. The most common 
mutation was F508del 33 (31.4%), the rate for which was 
similar between groups.

The number of positive cultures for bacteria from 
sputum in one year was significantly higher in the fungal 
disease group (8 [5–13.5], 3 [2–5] and 2 [1–3], p<0.001).

Treatment characteristics and outcomes in both 
groups are shown in Table 3. Patients in the fungal 
disease group had higher rate of parenteral antibiotherapy 
than other groups (n = 8, 80%, n = 17, 34.7% and n = 5, 
17.2%, p = 0.001); however, both the number and length 
of antibiotherapy were similar between groups.Enteral 
nutrition support using high energy feeding solutions with 
varying content and amount based on individual need was 
significantly higher in the colonization group than in the 
nonisolation group (n = 24, 49%, n = 4, 40% and n = 6, 
20.7%, p = 0.04). Other maintenance drug use was similar 
between groups.

Table 1. Fungal and bacterial species isolated from sputum samples in groups.

Fungal colonization 
group (n = 49)

Fungal disease 
group (n = 10)

Non-isolated 
group (n = 29)

All Patients
(n = 88) p value

Fungi, n (%)

Candida spp.
C.albicans
C.parapsilosis
C.glabrata comlex
C.dubliniensis
Aspergillus spp.
A.fumigatus
A.terreus
A.flavus
A.niger
Penicillium
Saccharomyces cerevisea
Cryptococcus albicus

36(73.5)
30(61.2)
3(6.1)
4(8.2)
4(8.2)
22(44.9)
21(42.9)
2(4.1)
2(4.1)
1(2)
7(14.3)
0
0

8(80)
8(80)
0
0
0
6(60)
5(50)
0
1(10)
0
0
1(10)
1(10)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

44(50)
38(43.2)
3(3.4)
4(4.5)
4(4.5)
28(31.8)
26(29.5)
2(2.3)
3(3.4)
1(1.1)
7(8)
1(1.1)
1(1.1)

0.67#

0.23#

0.43#

0.04#

0.04#

0.39#

0.68#

0.52#

0.44#

0.65#

0.007#

0.34#

0.34#

Bacterium, n(%)

Staphylococcus aureus
Pseudomonas aeruginosa
MRSA
Stenotrophomonas maltophilia
Burcholderia cepacia
Acromobacteria
Nocardia 

36(73.5)
27(55.1)
8(16.3)
2(4.1)
4(8.2)
4(8.2)
1(2)

9(90)
7(70)
4(40)
0
1(10)
2(20)
2(20)

22(75.9)
18(62.1)
5(17.2)
5(17.2)
1(3.4)
0
0

67(76.1)
52(59.1)
17(19.3)
7(8)
6(6.8)
6(6.8)
3(3.4)

0.53*

0.63*

0.21*

0.06*

0.63*

0.04*

0.04*

# Chi-square test.
* Kruskal–Wallis test.
MRSA; methicillin resistant Staphylococcus aureus, NA; not assesment.
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Multivariate logistic regression identified nutritional 
supplementation (CI: 1.17–11.96, p = 0.01), parenteral 
antibiotherapy (CI: 1.27–12.63, p = 0.02) in the preceeding 

one year as factors that significantly elevated risk of fungal 
isolation in patients who had fungal growth on culture in 
comparison to those without any fungal isolation  (Table 4).

Table 2. Comparison of clinical characteristics of groups.

Fungal colonization 
group (n = 49)

Fungal disease
group (n = 10)

Non-isolated
group (n = 29) p value*

Sex, n (%)
Female 22 (44.9) 6 (60) 11 (37.9) 0.47

Age, median (min-max) 24 (21–27,5) 24,5 (20.75–26.25) 23 (20–25.5) 0.7
BMI, mean (SD) 20 (18.5–22.5) 20.5 (16.75–22.5) 21 (19–25) 0.47
Age of diagnosis (month), median (min-max) 12 (3–144) 18 (2.75–63) 9 (3–150) 0.85
Follow up duration (month), median (min-max) 36 (12–48) 36 (15–51) 36 (12–48) 0.15

Additional diseases, n(%)
DM
Asthma
Hepatobiliary disorder
Chronic sinusitis
GERD
Osteoporosis
Pancreatic insufficiency

6 (12.2)
6 (12.2)
8 (16.3)
10 (20.4)
6 (12.2)
7 (14.3)
45 (91.8)

2 (20)
4 (40)
7 (70)
0
0
1 (10)
10 (100)

1 (3.4)
4 (13.8)
9 (31)
4 (13.8)
4 (13.8)
3 (10.3)
28 (96.6)

0.22
0.13
0.002
0.11
0.27
0.84
0.37

ABPA, n (%) 2 (4.1) 3 (30) 2 (6.8) 0.01

Hospital data

History of pulmonary exacerbation, n (%) 22 (44.9) 9 (90) 9 (31) 0.03
Pulmonary exacerbation(≥2), n (%) 8 (53.3) 4 (66.7) 4 (21.1) 0.05
Hospitalization/year, median (min-max) 1 (1–2) 1 (1–3) 1 (1–2.5) 0.95

Admission to emergency department/year, median
(min-max) 1 (1–2) 3.5 (1–4.25) 1 (1–2) 0.01

Laboratory and respiratory function parameters, median (min-max)

Eosinophil (%) 1.6 (1.15 –2.5) 1.35 (0.6–215) 1.3 (0.65–2.15) 0.38
Hemoglobin (g/dL) 14 (13–15) 13.4 (12.7–14.2) 14.8 (13.8–15.8) 0.05
BUN (mg/dL) 12.2 (9.9–15.2) 10.15 (7.34–14.55) 12.4 (10.15–16) 0.2
Creatinin (mg/dL) 0.67 (0.56–0.73) 0.5 (0.41–0.74) 0.66 (0.54–0.76) 0.22
AST (IU/mL) 20 (17–26.5) 18.5 (17–21.75) 22 (19–26.5) 0.11
ALT (IU/mL) 18 (13–26.5) 15.5 (10.75–20.75) 20 (15.5–27.5) 0.21
Total bilirubin (mg/dL) 0.5 (0.38–0.68) 0.41 (0.35–1.71) 0.48 (0.4–0.68) 0.63
CRP (μg/dL) 0.89 (0.4–2.29) 1.73 (1.41–5.47) 1 (0.45–2.2) 0.02
Total IgE (μg/mL) 50.4 (15.05–153) 156 (74.6–454) 58.5 (18.5–144) 0.03
HgA1c (%) 5.6 (5.1–6.1) 5.8 (5.3–6.5) 5.7 (5.3–6) 0.31
FEV1 (%) 60 (39.5–85.5) 47.5 (32.75–82.25) 72 (43–88) 0.36
FEV1/FVC ratio 70 (62.5–77.5) 82.5 (63.25–93.25) 70 (65–81.5) 0.21
Positive bacterial cultures/year, median (min-max) 3 (2–5) 8 (5–13.5) 2 (1–3) 0.00

*  Kruskal–Wallis test
BMI; body mass ındex, CRP; C-reactive protein, AST; aspartate aminotransferase, ALT; alanin aminotransferase, GERD; gastroesophageal 
reflux disease, ABPA; allergic bronchopulmonary aspergillosis, BUN; blood urea nitrogen, HgA1c; hemoglobin A1c, FEV1; forced 
expiratory volume in 1 s, FVC; forced vital capacsity.
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4. Discussion
This study is the first to investigate the effects of sputum 
fungal isolation on clinical characteristics of adult patients 
with CF from a tertiary care center in Turkey. The primary 
finding was that several clinical and laboratory variables 
were related to fungal infection, including history of 
exacerbation, admission to emergency department 
with acute clinical deterioration, ABPA, number of 
positive cultures for bacteria, and history of parenteral 
antibiotherapy use in the preceedingyear. While the 
presence of fungi in the sputum of CF patients had 
generally been considered clinically of less important 
during the past decade, recent availability of improved 
culture methods lead to more frequent isolation of fungal 
species from sputum samples, and they are increasingly 
coming to the attention of clinicians [8,10,16]. Recent 
studies have pointed to the evidence that fungal 
colonization increases with age. This may be explained by 
association of severe disease with exacerbations secondary 

to bacterial infectionsthat require antibiotic use [3,7,18–
20]. However, growth of fungal agent only in sputum 
culture in CF patients is not sufficient for the diagnosis 
of fungal diseases. In the past decade, Chotirmall et al. 
presented that C. albicans colonization is related with 
increased exacerbations requiring inpatient treatment and 
FEV1 decline. In the same study, isolation of Candida spp. 
from the first sputum sample was linked to a subsequent 
high rate of hospitalization which was independent of the 
frequency of antibiotherapy or exacerbation rates [14]. 
A retrospective clinical study showed that Aspergillus 
isolated from airways was associated with an increased risk 
of pulmonary exacerbations requiring hospital admission 
and with a lower FEV of 1%. The authors of this study 
also highlighted that the presence of Aspergillus was an 
independent risk factor for hospitalization [13]. In the same 
study, majority of fungal infections caused by Aspergillus 
and Candida were associated with presence of pulmonary 
exacerbation and emergency admissions as reported by 

Table 3. Treatment characteristics.

Fungal colonization 
group (n = 49)

Fungal disease
group (n = 10)

Non-isolated
group (n = 29) p value*

Antibiotherapy/year, median (min-max) 1 (1–3) 2 (2–4) 1.5 (1–2.25) 0.08
Parenteral antibiotherapy, n (%) 17 (34.7) 8 (80) 5 (17.2) 0.001

Maintenance drug use, n (%) 
Dornase α
Inhaled colistin
Inhaled bronchodilatator
Inhaled corticosteroid
ICS+LABA
Inhaled mannitol
Inhaled antibiotic
Nutritional supplementation
Multivitamin

43 (87.8)
3 (6.1)
18 (36.7)
3 (6.1)
11 (22.4)
4 (8.2)
20 (40.8)
24 (49)
40 (81.6)

10 (100)
1 (10)
5 (50)
0
7 (70)
1 (10)
6 (60)
4 (40)
9 (90)

23 (79.3)
1 (3.4)
10 (34.5)
2 (6.9)
5 (17.2)
0
15 (51.7)
6 (20.7)
19 (65.5)

0.12
0.73
0.67
0.53
0.68
0.12
0.43
0.04
0.15

*  Kruskal–Wallis test.
ICS+LABA;inhaled corticosteroid and long acting beta2 agonist combination.

Table 4. Multivariate logistic regression analysis: comparison of patients with fungus isolated (colonization/
disease) and non-isolated group.

Risk factor Beta Standard
error 

Odds
ratio

Confidence
interval (%95) p value

Use of parenteral antibiotics 1.38 0.57 3.86 [1.27–12.63] 0.02
Nutritional supplementation 1.36 0.54 3.75 [1.17–11.96] 0.01
Hemoglobin –0.46 0.19 0.70 [0.43–0.91] 0.10
FEV1 –0.002 0.01 0.99 [0.70–1.24] 0.55

 FEV1; forced expiratory volume in 1 s.
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previous studies albeit there was no association for fungal 
colonization. Fungal isolation was clinically inclined to, 
although not associated with exacerbation frequency. 
Fungal colonization or fungal infection did not affect the 
number of hospitalizations during the preceeding year.

In our study population, there was no association 
between lung function and either fungal colonization 
or disease. Current evidence is conflicting in that, while 
several studies support our findings [5,10,19,21] others 
report an association with lower FEV1 [13–15,22]. 
In a cross sectional study by Milla et al., there was no 
association between A. fumigatus colonization and lung 
function. These findings have been shown to be due to 
demographic characteristics such as age and sex, which 
were related to disease severity [7]. A recent systematic 
review reported that two studies [23,24] found significant 
association with worse FEV1 in patients with CF and 
impaired glucose tolerance [25]. In our study, presence of 
CF related diabetes mellitus and HgA1c levels were similar 
between the study groups. When these results are taken 
into consideration, our findings are not significant and this 
can be explained by demographic characteristics and other 
confounder factors affecting FEV1.

ABPA, a hypersensitivity reaction  to  A. fumigatus 
antigens and/or Aspergillus isolated from sputum, is an 
important complication of CF leading to deterioration of 
lung function [22]. There is no certain recommendation 
about antifungal therapy in CF patients with ABPA. 
Although it has been indicated an advantageous approach 
that it may lead to reduced doses of corticosteroids, 
comprehensive randomized controlled studies are 
needed[26].Among our 7 patients diagnosed with ABPA, 
A. fumigatus have been isolated in 2 of them, C. albicansin 
2, and both fungi in 2 patients, and no fungal isolation 
receiving in 2 patients. One of the them received systemic 
steroid and four received antifungal treatment.

The most important causative agents of respiratory 
exacerbations in CF patients, who are known to have 
rich diversity of fungal and bacterial microorganisms, 
are bacterial organisms, especially Pseudomonas species 
in adults [27]. Although there are opposing views 
[28–30] such as bacterial species suppressing fungal 
growth in culture, it is known that the use of broad 
spectrum antibiotics is a predisposing risk factor that 
potantiatesfungal pathogenicity in these patients [22,31]. 
In our study, the positive correlation between the number 
of positive cultures for bacteria from sputum samples and 
fungal infection is in agreement with this observation.

Staphylococcus aureus and Pseudomonas aeruginosa 
were the two most common species isolated from the 
sputum of patients, being recovered from 76.1% and 
59.1% of the patients, respectively. This prevalence rates 
are similar to other reports but more studies reported 

Pseudomonas as the most commonly isolated species in 
adult CF patients [9,32]. The equilibrium between lung 
microbioma may be impaired in patients from whom P. 
aeruginosa is isolated, resulting in a spiralling of fungal 
isolation, as reported by some authors. On the other hand, 
a number of studies suggested the use of wide spectrum 
antibiotics for bacterial infections. This approach may 
explain this finding and that fungal colonization/
infection risk is reduced with antipseudomonal antibiotic 
use [33]. At this point, the question arises whether it is 
bacterial coinfection or suppression of bacterial growth 
by antibiotics that explains the excess in fungal isolation. 
The answer explaining this cause-effect relationship, thus 
far, remains elusive.  In our study, isolation of MRSA 
and P. aeruginosa and parenteral antibiotic use were in 
excess in the fungal disease group. However, it is not clear 
whether the decision on starting antifungal treatment 
was influenced by high rate of exacerbation and bacterial 
isolation in this group. In other words, it is not clear which 
came first, the chicken or the egg? 

Among isolated fungi, Candida and Aspergillus 
showed the highest prevalance in patients, representing 
50 and 31%, respectively. The most frequently isolated 
Candida species when all patient groups are taken into 
consideration were C. albicans (43%), C. glabratacomplex 
(4.5%), C. dubliniensis (4.5%), and C. parapsilosis (3.4%).
While A. fumigatus (29.5%), A. flavus (3.4%), A. terreus 
(2.3%), and A. niger (1.1%) comprised the most common 
Aspergillus species. This distribution is similar to findings 
in several other studies [4,9,10,35]. 

CF patients frequently receive antibacterial agents 
through several routes of administrations including 
orally, parenterally and via aerosols for the treatment of 
exacerbations and bacterial eradication. Various studies 
conducted have reported different results regarding 
the treatment characteristics and effects on fungal 
pathogenicity. To our knowledge, one extensive study 
was conducted in the form of a retrospective cohort study 
comprising 16,096 patients from the CF Foundation 
Patient Registry with a follow-up period of 6 years. This 
study reported that chronic therapies, including inhaled, 
oral and intravenous antibiotics, macrolides, and inhaled 
corticosteroids were also associated with an increased risk 
of persistent Aspergillus isolation. However, when applied 
to the adult subpopulation, only oral steroid use become 
a significant risk factor for persistant Aspergillus[22]. 
In a large multicenter (69 centers) double-blinded 
placebo-controlled study incoorporating 595 CF patients, 
inhaled tobramycin users had a significantly high rate 
of Aspergillus isolation [35].Another study by Bargon et 
al. on adult CF patients, found that prolonged oral and 
inhaler antibiotic treatment as well as administration via 
both routes predisposed to Aspergillus colonization, a 

https://www.sciencedirect.com/topics/medicine-and-dentistry/allergic-response
https://www.sciencedirect.com/topics/medicine-and-dentistry/aspergillus-fumigatus
https://www.sciencedirect.com/topics/medicine-and-dentistry/aspergillus-fumigatus


IRMAK et al. / Turk J Med Sci

1198

finding that was later reproduced by Vrankrijker et al. in 
a cohort study that also included adult patients [10,19]. 
Factors affecting Candida colonization examined by Noni 
et al., revealed the independent effect of the duration of 
both inhaled antibiotic and inhaled corticosteroid use on 
Candida colonization, but they did not find an association 
with annual intravenous antibiotic courses [5]. In contrast, 
a retrospective study from France found that the number 
of antibiotic use via oral, inhaled or intravenous routes 
in 1and 5 years had no effect on Aspergillus spp. isolation 
[36]. Similarly, a longitudinal study concluded there 
is no association between recurrent broad spectrum 
antibiotherapy and Candida colonization [37]. On the 
other hand, a prospective observational study of 26 adult 
patients with CF reported that the use of short term 
intravenous antibiotics targeting Pseudomonas reduced the 
presence of Aspergillus in sputum [33]. Our current study 
concluded that antibiotic use via intravenous route was 
associated with fungal disease but not fungal colonization. 
Multivariate analysis confirmed that intravenous route 
of administration may both be predictive risk factors 
for fungal colonization increasing fungal pathogenicity 
risk approximately three-fold. Our results with results 
of previous studies, showed that duration and fequency 
of antibiotic use, oral or inhaled, did not affect either 
colonization or isolation of fungus [22,36]. Maintanence 
use of inhaled steroids, bronchodilators or a combination 
of both were not associated with fungal colonization or 
infection in the adult population.

Increased energy needs due to chronic pulmonary 
infections and excessive respiratory effort as well 
as insufficient energy intake and malabsorbtion are 
important causes of malnutrition in CF patients [38]. A 
recent study indicated that poor nutritional status was 
an independent risk factor for ABPA [36]. Prior studies 
have shown that comorbidities such as liver failure and 
inadequate nutrition are often associated with fungal 
airway colonization [39,40]. In accordance with this, we 
demonstrated that fungal isolation was associated with 
nutritional supplementation. Nutritional support in CF 
patients may be a predictor of fungal colonization. At our 
center, enteral supplementation with high-energy adult 
feeding solutions to cover daily nutritional requirements 
in excess of 20% is afforded to CF patients in need. 
Additionaly, early enteral nutrition support is provided 
to all patients with inadequate oral intake, even if they 
have normal BMI. This may explain the observed lack of 
association between BMI and fungal isolation. A recent 
retrospective study that included 257 patients identified 

concominant fungal and bacterial colonization to be 
independently associated with liver disease in CF patients 
[41]. In this study, fungal colonization was significantly 
higher in patients with hepatobiliary disease as opposed 
to other comorbidities. However, there are limitied studies 
and more epidemiological research is needed to investigate 
pathogens and to clarify the predisposing factors.

One important limitation of this study is that delineating 
fungal colonization and fungal disease is challenging. 
Whereas previous studies defined fungal colonization as 
the presence of fungal species in ≥50% of sputum cultures 
collected in one year independent of clinical findings, in 
our study, we used the term to refer to fungal growth not 
associated with any findings suggestive of infection. This 
approach may have accounted for the discrepancy between 
our results and those reported by other authors. Another 
restriction of our study was the fact that ABPA patients 
were included in our study because fungal isolation is 
not a mandatory criterion for ABPA diagnosis. As such, 
ABPA and elevated IgE levels were more common in 
the fungal disease group. Being a single-center study on 
a homogenous population obviously had implications 
on the rate of fungal isolation since this is also affected 
by ethnic and regional factors. However, ours is the first 
established center that deals with adult CF patients that 
has the largest number of patients in Turkey, the number 
of which is expected to grow up in coming years. Lastly, 
the sample size was insufficient for the evaluation of the 
distribution of certain variables betweenstudy groups and 
the data of antifungal treatments could not be evaluated 
due to the retrospective nature of the study.

In conclusion, frequent use of parenteral antibiotics 
and use of enteral feeding supplements were found to be 
independent risk factors for fungal colonization or disease 
in adult CF patients. It seems that antibiotic use leads to 
fungal overgrowth; however, it is not clear which patients 
would benefit from antifungal treatment. Studies including 
larger patient population and expanded data on antifungal 
treatment outcomes are needed to clearly understand the 
clinical importance of fungal isolation.

Conflict of interest
No financial support has been taken. All authors declared 
that there is no conflict of interest.

Informed consent
The committee from whom received ethical approval, did 
not deem the patient’s informed consent necessary since 
the study was retrospective.

https://www.sciencedirect.com/topics/medicine-and-dentistry/retrospective-study


IRMAK et al. / Turk J Med Sci

1199

References

1.	 Boyle MP, Bell SC, Konstan MW, McColley SA, Rowe SM et 
al. A CFTR corrector (lumacaftor) and a CFTR potentiator 
(ivacaftor) for treatment of patients with cystic fibrosis who have 
a phe508del CFTR mutation: a phase 2 randomised controlled 
trial. Lancet Respiratory Medicine 2014; 2: 527-538. doi: 10.1016/
S2213-2600(14)70132-8

2.	 Ramsey BW, Davies J, McElvaney NG, Tullis E, Bell S et al. A 
CFTR potentiator in patients with cystic fibrosis and the G551D 
mutation. New England Journal of Medicine 2011; 365: 1663-
1672. doi: 10.1056/NEJMoa1105185

3.	 Middleton PG, Chen SC, Meyer W.Fungal infections and treatment 
in cystic fibrosis. Current Opinion in Pulmonary Medicine 2013; 
19 (6): 670-675. doi: 10.1097/MCP.0b013e328365ab74

4.	 Muthig M, Hebestreit A, Ziegler U, Seidler M, Müller FM. 
Persistence of Candida species in the respiratory tract of cystic 
fibrosis patients. Medical Mycology 2010; 48: 56-63. doi: 
10.3109/13693780802716532

5.	 Noni M, Katelari A, Kaditis A, Theochari I, Lympari I et al. 
Candida albicans chronic colonisation in cystic fibrosis may be 
associated with inhaled antibiotics. Mycoses 2015; 58: 416-421. 
doi: 10.1111/myc.12338

6.	 Saunders R,  Modha D,  Claydon A, Gaillard E. Chronic 
Aspergillus fumigatus colonisation of the cystic fibrosis airway 
is common and may be associated with a more rapid decline in 
lung function. Journal of Cystic Fibrosis 2011; 10 (1): S37. doi: 
10.1016/S1569-1993(11)60162-8

7.	 Milla CE, Wielinski CL, Regelmann WE. Clinical significance 
of the recovery ofAspergillus species from the respiratory 
secretions of cystic fibrosis patients.Pediatric Pulmonology 1996; 
21 (1): 6-10. doi: 10.1002/(SICI)1099-0496(199601)21:1<6:AID-
PPUL1>3.0.CO;2-R

8.	 Bakare N, Rickerts V, Bargon J, Just-Nübling G. Prevalence of 
Aspergillus fumigatus and other fungal species in the sputum of 
adult patients with cystic fibrosis.  Mycoses 2003;  46 (1-2): 19-
23. doi: 10.1046/j.1439-0507.2003.00830.x

9.	 Valenza G, Tappe D, Turnwald D, Frosch M, König C et al. 
Prevalence and antimicrobial susceptibility of microorganisms 
isolated from sputa of patients with cystic fibrosis. Journal 
of Cystic Fibrosis 2008; 7 (2): 123-127. doi: 10.1016/j.
jcf.2007.06.006.

10.	 Bargon J, Dauletbaev N, Köhler B,Wolf M, Posselt HG et al. 
Prophylactic antibiotic therapy is associated with an increased 
prevalence of Aspergillus spp. colonization in adult cystic 
fibrosis patients. Respiratory Medicine 1999; 93 (11):835-838.doi: 
10.1016/S0954-6111(99)90270-6

11.	 Maturu VN, Agarwal R. Prevalence of Aspergillus sensitization 
and allergic bronchopulmonary aspergillosis in cystic fibrosis: 
systematic review and metaanalysis.  Clinical & Experimental 
Allergy 2015; 45 (12): 1765-1778. doi: 10.1111/cea.12595

12.	 Nelson LA, Callerame ML, Schwartz RH. Aspergillosis and atopy 
in cystic fibrosis. American Review of Respiratory Disease 1979; 
120 (4): 863-873. doi: 10.1203/00006450-197804001-01221

13.	 Amin R, Dupuis A, Aaron SD, Ratjen F. The effect of chronic 
infection with Aspergillus fumigatus on lung function and 
hospitalization in patients with cystic fibrosis. Chest 2010; 137 
(1):171-176. doi: 10.1378/chest.09-1103

14.	 Chotirmall SH, O’Donoghue E, Bennett K, Gunaratnam C, 
O’Neill SJ et al. Sputum Candida albicans presages FEV decline 
and hospital-treated exacerbations in cystic fibrosis. Chest 
2010; 138 (5): 1186-1195. doi: 10.1378/chest.09-2996

15.	 Gileles-Hillel A, Shoseyov D, Polacheck I, Korem M, Kerem 
E et al. Association of chronic Candida albicans respiratory 
infection with a more severe lung disease in patients with cystic 
fibrosis. Pediatric Pulmonology 2015; 50 (11): 1082-1089. doi: 
10.1002/ppul.23302

16.	 Nagano Y, Millar BC, Johnson E,Goldsmith CE, Elborn JS et 
al. Fungal infections in patients with cystic fibrosis.  Reviews 
in Medical Microbiology 2007;  18 (1): 11-16. doi: 10.1097/
MRM.0b013e3282e1c70a.

17.	 Larone DH, Larone DH. Medically Important Fungi: A Guide 
to Identification. 5th ed. Washington, DC, USA: ASM  Press; 
2011. 

18.	 Paugam A, Baixench MT, Demazes-Dufeu N, Burgel PR, 
Sauter E et al. Characteristics and consequences of airway 
colonization by filamentous fungi in 201 adult patients with 
cystic fibrosis in France. Sabouraudia 2010; 48 (1): 32-36. doi: 
10.3109/13693786.2010.503665

19.	 De Vrankrijker AMM, Van Der Ent CK, Van Berkhout FT, 
Stellato RK, Willems RJL et al.A. fumigatus  colonisation 
in cystic fibrosis: implications for lung function? Clinical 
Microbiology  and  Infection 2011; 17  (9): 1381-1386. doi: 
10.1111/j.1469-0691.2010.03429.x

20.	 Muller J, Remus N, Harms KH. Mycoserological study 
of the treatment of pediatric cystic fibrosis patients with 
Saccharomyces boulardi (Saccharomyces cerevisiae Hansen 
CBS 5926). Mycoses 1995; 38: 119-1923. doi: 10.1111/j.1439-
0507.1995.tb00033.x

21.	 Baxter CG, Moore CB, Jones AM, Webb AK, Denning DW. 
IgE-mediated immune responses and airway detection of 
Aspergillus and Candida in adult cystic fibrosis. Chest 2013;143 
(5):1351-1357.doi: 10.1378/chest.12-1363

22.	 Hong G, Psoter KJ, Jennings MT, Merlo CA, Boyle MP et al. 
Risk factors for persistent Aspergillus respiratory isolation in 
cystic fibrosis. Journal of Cystic Fibrosis 2018; 17 (5): 624-630.
doi: 10.1016/j.jcf.2018.01.008

23.	 Milla CE, Warwick WJ, Moran A. Trends in pulmonary 
function in patients with cystic fibrosis correlate with 
the degree of glucose intolerance at baseline. American 
Journal of Respiratory and Critical Care Medicine 2000; 162 (3): 
891-895.doi: 10.1164/ajrccm.162.3.9904075

24.	 Ziegler B, Oliveira CL, Rovedder PM, Schuh SJ, Silva FAA et al. 
Glucose intolerance in patients with cystic fibrosis: sex-based 
differences in clinical score, pulmonary function, radiograph 
score, and 6-minute walk test. Respiratory Care 2011; 56 (3): 
290-297. doi: 10.4187/respcare.00726

https://doi.org/10.1016/S2213-2600(14)70132-8
https://doi.org/10.1016/S2213-2600(14)70132-8
https://doi.org/10.1056/NEJMoa1105185
https://doi.org/10.1097/MCP.0b013e328365ab74
https://doi.org/10.3109/13693780802716532
https://doi.org/10.3109/13693780802716532
https://doi.org/10.1111/myc.12338
https://doi.org/10.1016/S1569-1993(11)60162-8
https://doi.org/10.1016/S1569-1993(11)60162-8
https://doi.org/10.1002/(SICI)1099-0496(199601)21:1%3C6::AID-PPUL1%3E3.0.CO;2-R
https://doi.org/10.1002/(SICI)1099-0496(199601)21:1%3C6::AID-PPUL1%3E3.0.CO;2-R
https://doi.org/10.1046/j.1439-0507.2003.00830.x
https://doi.org/10.1016/j.jcf.2007.06.006
https://doi.org/10.1016/j.jcf.2007.06.006
https://doi.org/10.1016/S0954-6111(99)90270-6
https://doi.org/10.1016/S0954-6111(99)90270-6
https://doi.org/10.1111/cea.12595
https://www.safetylit.org/week/journalpage.php?jid=10481
https://doi
https://doi.org/10.1378/chest.09-1103
https://doi.org/10.1378/chest.09-2996
https://doi.org/10.1002/ppul.23302
https://doi.org/10.1002/ppul.23302
https://doi
https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Larone+DH.+Medically+Important+Fungi%3A+A+Guide+to+Identification+5th+Edition+Washington,+DC+ASM+Press+2011+ISBN%3A+978-1555816605
https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Larone+DH.+Medically+Important+Fungi%3A+A+Guide+to+Identification+5th+Edition+Washington,+DC+ASM+Press+2011+ISBN%3A+978-1555816605
https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Larone+DH.+Medically+Important+Fungi%3A+A+Guide+to+Identification+5th+Edition+Washington,+DC+ASM+Press+2011+ISBN%3A+978-1555816605
https://doi.org/10.3109/13693786.2010.503665
https://doi.org/10.3109/13693786.2010.503665
https://doi.org/10.1111/j.1469-0691.2010.03429.x
https://doi.org/10.1111/j.1469-0691.2010.03429.x
https://doi.org/10.1111/j.1439-0507.1995.tb00033.x
https://doi.org/10.1111/j.1439-0507.1995.tb00033.x
https://doi.org/10.1378/chest.12-1363
https://doi.org/10.1016/j.jcf.2018.01.008
https://doi.org/10.1164/ajrccm.162.3.9904075
https://doi


IRMAK et al. / Turk J Med Sci

1200

25.	 Iwanicki C, Logomarsino JV. Impaired glucose tolerance, body 
mass index and respiratory function in patients with cystic 
fibrosis: a systematic review. Clinical Respiratory Journal 2019; 
13 (6): 341-354. doi: 10.1111/crj.13019

26.	 Elphick HE, Southern KW.Antifungal therapies for allergic 
bronchopulmonary aspergillosis in people with cystic fibrosis.
Cochrane Database of Systematic Reviews 2016; 11. doi: 
10.1002/14651858.CD002204.pub4

27.	 Noni M, Katelari A, Dimopoulos G, Spoulou V, Dimopoulos 
G et al. Aspergillus fumigatus chronic colonization and 
lung function decline in cystic fibrosis may have a two-way 
relationship. European Journal of Clinical Microbiology  & 
Infectious Diseases 2015; 34 (14): 2235-2241. doi: 10.1016/
S1569-1993(15)30157-0

28.	 Kerr J. Inhibition of fungal growth by Pseudomonas aeruginosa 
and Pseudomonas cepacia isolated from patients with cystic 
fibrosis.  Journal of Infection 1994;  28 (3): 305-310. doi: 
10.1016/S0163-4453(94)91943-7

29.	 Mowat E, Rajendran R, Williams C, McCulloch E, Jones B 
et al. Pseudomonas aeruginosa and their small diffusible 
extracellular molecules inhibit Aspergillus fumigatus biofilm 
formation. FEMS Microbiology Letters 2010; 313 (2): 96-102. 
doi: 10.1111/j.1574-6968.2010.02130.x

30.	 Tunney MM, Klem ER, Fodor AA, Gilpin DF, Moriarty TF 
et al. Use of culture and molecular analysis to determine 
the effect of antibiotic treatment on microbial community 
diversity and abundance during exacerbation in patients with 
cystic fibrosis.  Thorax 2011;  66 (7): 579-584. doi: 10.1136/
thx.2010.137281

31.	 Williams C, Ranjendran R, Ramage G. Pathogenesis of fungal 
infections in cystic fibrosis. Current Fungal Infection Reports 
2016; 10 (4): 163-169. doi: 10.1007/s12281-016-0268-z

32.	 Rajan S, Saiman L. Pulmonary infections in patients with cystic 
fibrosis. Seminars in Respiratory Infections 2002; 17 (1): 47-56. 
doi: 10.1053/srin.2002.31690

33.	 Baxter CG, Rautemaa R, Jones AM, Webb AK, Bull M et al. 
Intravenous antibiotics reduce the presence of Aspergillus in 
adult cystic fibrosis sputum. Thorax 2013; 68 (7): 652-657. doi: 
10.1136/thoraxjnl-2012-202412

34.	 Nasri E, Fakhim H, Vaezi A, Khalilzadeh S, Ahangarkani F et 
al. Airway colonisation by Candida and Aspergillus species 
in Iranian cystic fibrosis patients. Mycoses 2019; 62 (5): 434-
440.  doi: 10.1111/myc.12898

35.	 Burns  J, Emerson  JR,  Stapp  DL, Yim DL, Krzewinski J et al. 
Microbiology of sputum from patients at cystic fibrosis centers 
in the United States. Clinical Infectious Diseases 1998; 27: 158-
163. doi: 10.1086/514631

36.	 Jubin V, Ranque S, Stremler Le Bel N, Sarles J, Dubus 
JC. Risk factors for Aspergillus colonization and allergic 
bronchopulmonary aspergillosis in children with cystic 
fibrosis. Pediatric Pulmonology 2010; 45 (8): 764-771. doi: 
10.1002/ppul.21240

37.	 Pencharz PB, Durie PR. Nutritional management of cystic 
fibrosis. The Annual Review of Nutrition 1993; 13 (1): 111-136. 
doi: 10.1146/annurev.nu.13.070193.000551

38.	 Sinaasappel M, Stern M, Littlewood J, Wolfe S, G Steinkamp 
et al. Nutrition in patients with cystic fibrosis: a European 
consensus.  Journal of Cystic Fibrosis 2001;  1(2): 51-75. doi: 
10.1016/S1569-1993(02)00032-2

39.	 Gozdzik J, Cofta S, Piorunek T, Batura-Gabryel H, Kosicki 
J. Relationship between nutritional status and pulmonary 
function in adult cystic fibrosis patients.  Journal of 
Physiology and Pharmacology 2008; 59 (6): 253-260.

40.	 Prodanovic H, Cracco C, Massard J, Barrault C, Thabut 
D et al. Invasive pulmonary aspergillosis in patients with 
decompensated cirrhosis: case series.  BMC Gastroenterology 
2007; 7(1): 2. doi: 10.1186/1471-230X-7-2

41.	 Cabaret O, Bonnal C, Canoui-Poitrine F, Emirian A, Bizouard 
G et al. Concomitant presence of Aspergillus fumigatus and 
Stenotrophomonas maltophilia in the respiratory tract: a 
new risk for patients with liver disease? Journal of Medical 
Microbiology 2016; 65 (5): 414-419.doi: 10.1099/jmm.0.000233

https://doi.org/10.1111/crj.13019
https://doi.org/10.1002/14651858.CD002204.pub4
https://doi.org/10.1002/14651858.CD002204.pub4
https://doi
https://doi.org/10.1016/S1569-1993(15)30157-0
https://doi.org/10.1016/S1569-1993(15)30157-0
https://doi.org/10.1016/S0163-4453(94)91943-7
https://doi.org/10.1016/S0163-4453(94)91943-7
https://doi.org/10.1111/j.1574-6968.2010.02130.x
http://dx.doi.org/10.1136/thx.2010.137281
http://dx.doi.org/10.1136/thx.2010.137281
https://doi.org/10.1007/s12281-016-0268-z
https://doi
https://doi.org/10.1053/srin.2002.31690
http://dx.doi.org/10.1136/thoraxjnl-2012-202412
http://dx.doi.org/10.1136/thoraxjnl-2012-202412
https://doi.org/10.1111/myc.12898
https://doi.org/10.1086/514631
https://doi.org/10.1002/ppul.21240
https://doi.org/10.1002/ppul.21240
https://doi.org/10.1146/annurev.nu.13.070193.000551
https://pubmed.ncbi.nlm.nih.gov/?term=Steinkamp+G&cauthor_id=15463811
https://doi.org/10.1016/S1569-1993(02)00032-2
https://doi.org/10.1016/S1569-1993(02)00032-2
https://doi.org/10.1186/1471-230X-7-2
https://doi
https://dx.doi.org/10.1099%2Fjmm.0.000233

