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Objectives: In cystic fibrosis (CF), there is a predisposition to bronchial colonization by potentially path-
ogenic microorganisms, such as fungi. Our aims were to describe the dynamics of respiratory mycobiota in
patients with CF and to evaluate the geographic, age and gender variability in its distribution.
Methods: Cohort study in which 45 patients with CF from four hospitals in three Spanish cities were
followed up during a 1-year period, obtaining spontaneous sputum samples every 3 to 6 months. Fungal
microbiota were characterized by Internal Transcribed Spacer sequencing and Pneumocystis jirovecii was
identified by nested PCR in a total of 180 samples.
Results: The presence of fungi were detected in 119 (66.11%) of the 180 samples and in 44 (97.8%) of the
45 patients: 19 were positive and 1 negative throughout all follow-ups and the remaining 25 presented
alternation between positive and negative results. A total of 16 different genera were identified, with
Candida spp. (50/180, 27.78%) and Pneumocystis spp. (44/180, 24.44%) being the most prevalent ones. The
distribution of fungal genera was different among the evaluated centres (p < 0.05), by age (non-adults
aged 6e17 years vs. adults aged �18 years) (p < 0.05) and by gender (p < 0.05).
Discussion: A high prevalence of fungal respiratory microbiota in patients with CF was observed, whose
dynamics are characterized by the existence of multiple cycles of clearance and colonization, reporting
the existence of geographic, age and gender variability in the distribution of fungal genera in this disease.
Sara Martínez-Rodríguez, Clin Microbiol Infect 2023;29:539.e1e539.e7
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
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Introduction

Cystic fibrosis (CF) is the most important severe inherited dis-
ease in the Caucasian population [1,2]. It is caused by mutations in
the gene that codes for the CF transmembrane conductance regu-
lator protein that leads to the accumulation of thick mucus in the
ublished by Elsevier Ltd. All rights reserved.
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affected organs, causing obstructions and systemic abnormalities
[2,3]. In the case of the respiratory tract, thicker bronchociliary
mucus causes a lack of mucus clearance, a failure in microbial
clearance and predisposition to bronchial colonization by poten-
tially pathogenic microorganisms [3,4].

The morbidity and mortality of this disease depend mainly on
the state of the respiratory system [5]. In addition, it is a progressive
disease in which the likelihood of suffering any complications in-
creases with age. Because of the improved life expectancy of pa-
tients, it is expected that the incidence and severity of these
complications will increase; the most important of which is the
chronic colonization of the airways by pathogens [1].

The impact of fungal colonization in the respiratory tract has not
yet been fully elucidated; however, a growing number of evidence
suggests thatmolds and yeasts play an important role in this process
[5,6]. Patients with CF are new pathogen reservoirs that will prob-
ably serve as an infection source for other susceptible individuals
[7]. Thus, we faced the need for a descriptive study that identifies
fungi in patients with CF from different geographic locations.

The aims of this study were to describe the respiratory myco-
biota of patients with CF; to know the dynamics of fungal coloni-
zation in time; and to evaluate the geographic, age and gender
variability in the distribution of the different fungal species.

Methods

Study population

In this Spanish multicentre cohort study, all patients with CF
who met the inclusion criteria and who were followed up between
January and February 2011 at the Virgen del Rocío University
Hospital (Seville), and between March and June 2014 at the
following hospitals: La Princesa University Hospital (Madrid 1),
Ni~no Jesús University Children's Hospital (Madrid 2) and Son
Espases University Hospital (Mallorca) were included.

The inclusion criteria established were: (a) the previous diag-
nosis of CF (two confirmed CF transmembrane conductance regu-
lator gene mutations or two consecutive positive sweat chloride
tests (>60 mmol/l)); (b) patient aged >6 years; (c) informed con-
sent signed by the patient or by their legal guardian/s; (d) clinical
stability and possibility of obtaining spontaneous sputum samples;
(e) absence of a concomitant diagnosis of a lung disease; and (f)
absence of taking antifungal drugs in the 6 months before the
initiation of the study.

Patients were followed up for 1-year period and underwent a
clinical and biological examination every 3 to 6 months, obtaining
spontaneous sputum following a standardized protocol in each
visit, which was subsequently stored in aliquots at �20 ºC. Another
aliquot was sent to the Microbiology Department from each Hos-
pital where a cellular count was performed, and only the samples
with squamous epithelial cells count <15% were included in the
study. Every 6 months during the study, frozen samples were sent
to the laboratory of the Biomedicine Institute of Seville, where DNA
extractions and PCRs were performed at the same time. Every
6 months 10% of randomly selected samples were retested, a
quality control discordance >5% led to the revision of the samples
evaluated during this period.

The study was reviewed and approved by the Ethics Committee
of Virgen del Rocío University Hospital (Seville, Spain).

DNA extraction

Sputum samples were mechanically disaggregated, and DNA
extraction was performed using the commercial NucleoSpin Tissue
kit (Machenary Nagel).
Pneumocystis. jirovecii detection

P. jirovecii identification was performed using nested PCR with
Biotaq DNA polymerase (Bioline) by amplification of the mito-
chondrial large subunit rRNA gene [8].

Fungal identification

For fungal identification, the nuclear ribosomal Internal Tran-
scribed Spacer (ITS) sequencewas amplified using semi-nested PCR
with ITS-1 (50-TCCGTAGGTGAACCTGCGG-30) and ITS-4 (50-TCCTCCG
CTTATTGATATGC-30) pair of primers in the first PCR round, and ITS-
3 (50-GCATCGATGAAGAACGCAGC-30) and ITS-4 (50-TCCTCCGCTTAT
TGATATGC-30) in the second one. The first round was conducted in
35 cycles, whereas the second round was executed in similar con-
ditions and throughout 40 cycles.

The PCR products were resolved by 2% agarose gel electropho-
resis. The bands were purified following the protocol of MEGA-
quick-spin™ plus Fragment DNA Purification Kit (iNtRON
Biotechnology). The isolated DNA was sequenced using a BigDye
Terminator v3.1-kit from Applied Biosystems and the AB3500 Ge-
netic Analyzer (Applied Biosystems).

Sequences were processed with the Finch TV 1.4 software and
were subsequently compared with the sequences included in Gen-
Bank and European Molecular Bilogy Laboratory (EMBL) databases
using the Basic Local Alignment Search Tool (BLAST) software.

To avoid false positives due to contamination, filter pipette tips
were used at all stages. DNA extraction, preparation of the reaction
mixture, PCR amplification and detection were performed in
different areas. Autoclaved water was employed in the PCRmixture
as a PCR-negative control.

Data processing and statistical analysis

Specific computer support was designed in ACCESS for data
archiving in compliance with the confidentiality and privacy stan-
dards required by the current Spanish regulations (Organic Law 3/
2018 on the Protection of Personal Data).

The Fisher exact test was performed by IBM SPSS Statistic 25 to
detect the differences between the participating hospitals and age
and gender variability. A p value of <0.05 was considered statisti-
cally significant. Those genera for which there was only one positive
pathogen sample were grouped in the category ‘minority fungi’.

Mycobiota/chronic or persistent colonization

Chronic or persistent colonization for bacteria, such as Pseudo-
monas aeruginosa is defined by the European consensus as “Pres-
ence of P. aeruginosa in the bronchial tree for at least 6 months,
based on at least three positive cultures with at least 1-month in-
tervals between them” [9,10]. There are no similar consensuses to
define persistent colonization of fungi; therefore, in our case, it has
been defined as: ‘Presence of a specific fungus in at least two
consecutive samples in a period of 6 months’. To refer to the rest of
the identified fungi we will use the term ‘mycobiota’.

Results

A total of 180 samples from 45 patients were included in the
present study, of which 119 (66.11%) were positive for fungi. On the
other hand, 44 patients (97.8%) were positive in at least one clinical
visit during the follow-up. None of the patients had a previous
history of P. jirovecii pneumonia (PCP), nor invasive fungal disease
or developed it during the follow-up.
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The highest rate of fungi positive samples was observed in
Seville in which 60 samples were analysed and 49 (81.67%) were
positive and the lowest was in Madrid 2 with a prevalence of 50%
(15 fungi positive samples out of 30 were analysed). The results
obtained in the different centres are shown in Table 1.

Regarding the dynamics of the fungal microbiota genera, the
results obtained for each patient during the follow-up are sum-
marized in Table 2. Overall, 19 (42.22%) patients were fungi positive
throughout the follow-up study, beingmost of them (12) were from
Seville. Nevertheless, only 1 (2.22%) patient remained negative for
fungi throughout the entire study. During the follow-up, the rest of
the patients showed an alternation of positive and negative results
in different visits (Table 3).

During the follow-up, 11 patients presented with chronic colo-
nization by fungi: 4 by Candida albicans (Seville), 3 by P. jirovecii
(Seville), 1 by Cladosporium cladosporoides (Seville), 1 by C. para-
psilosis (Seville), 1 by C. tropicalis (Madrid 1) and 1 presented
concomitant chronic colonization by P. jirovecii and Exophiala der-
matitidis (Madrid 1).

The overall distribution of fungal genera identified in the sam-
ples evaluated is shown in Fig. 1. A total of 30 different ‘operational
taxonomic units’ were identified, of which only their genus could
be identified in 8, whereas their species were identified in the
remaining 22. Sixteen fungal genera were present in the tested
samples; being the most prevalent were Candida spp. (50/180,
27.78%) and Pneumocystis spp. (44/180, 24.44%).

The geographic variability of fungal genera is shown in Fig. 2.
Themost prevalent fungal genera in all centres are Candida spp. and
Pneumocystis spp. There were significant differences in the distri-
bution of fungi genera by centres (p < 0.05, Fisher exact test). The
genus Scedosporium spp. is present in Madrid but has a low prev-
alence in Mallorca, and it is not detected in Seville. The genus
Cladosporium spp. has high prevalence in Seville but low frequency
in Mallorca and does not appear in Madrid. For its part, the genus
Exophiala spp. is present in Madrid and Mallorca but not in Seville.

There were significant differences in the distribution of fungi
genera by age (non-adults aged 6e17 years vs. adults aged
�18 years; p < 0.05, Fisher exact test) being Candida spp. and
Pneumocystis spp. the most frequent in both groups (please see
supplementary material) (Fig. S1), Exophiala spp. is only found in
adults, whereas the Saccharomyces spp. genus only appears in a low
proportion in patients between 6 and 17 years old but it is not
found in adults. Besides, there were also significant differences in
the distribution of fungi genera by gender (p < 0.05, Fisher exact
test). Aspergillus spp. and Exophiala spp. only appear in a low pro-
portion among women whereas Candida spp. is more common
among men.

Discussion

In the present study, the respiratory mycobiota dynamics and its
age, geographic and gender variability in patients with CF were
Table 1
Prevalence of fungal microbiota in the sputum samples, gender and age groups of patien

No. of patients Gender
(man/woman)

Age
(adults/paediatrics)

Seville 20 8/12 12/8
Madrid 1 10 2/8 10/0
Madrid 2 6 5/1 0/6
Mallorca 9 6/3 3/6
Total 45 21/24 25/20

Adults aged �18 years; paediatrics aged 6 to 17 years old. Seville, Virgen del Rocío Un
University Children's Hospital; Mallorca, Son Espases University Hospital; Positive samp
described. Sixteen different genera of fungi were identified,
observing a high prevalence of fungal microbiota (66.11%) in the
sputum of these patients. This is not entirely consistent with the
findings of previous studies. As an example, Delhaes et al. [11]
found 100% fungal colonizationwhen analysing eight samples from
four patients with CF, whereas Kramer et al. [12] found that 89% of
72 samples were positive for fungus. The non-coincidence of the
colonization rates between our study and others performed earlier
may be due to the low number of samples used in previous studies,
which could have overestimated these rates.

Although ITS-PCR is the most used test for fungal identification,
P. jirovecii only presents one copy of this gene, that is why the
sensitivity of this technique is reduced for this fungus [11]. Because
of this, for the identification of Pneumocystis, a mitochondrial large
subunit rRNA gene PCR is assessed. Otherwise, the knowledge of
the presence of Pneumocystis in samples from patients with CF is
especially important owing to the impact it has on the lung path-
ophysiology [4]. It is well known that P. jirovecii causes severe
pneumonia in immunocompromised patients called Pneumocystis
pneumonia (PCP). Nonetheless, Pneumocystis infections can mani-
fest in different ways, with PCP being a small part of them. More-
over, Pneumocystis can colonize both immunocompromised and
immunocompetent patients with underlying lung diseases without
signs or symptoms of acute pneumonia; nevertheless, it has been
suggested that P. jirovecii could be a morbidity cofactor [4]. In
addition, it may be involved in the development or transmission of
disease acting like a reservoir [4,13].

It is worth mentioning that in the present study the overall rate
of colonization by P. jirovecii (44/180, 24.44%) was similar to that
obtained in previous studies conducted in Spain (21.5%) [14] and
higher than that obtained in other European countries, such as
Germany (7.4%) [15] or France (1.3%) in Brest [16], 3.5% in Rennes
[17] and 12.5% in a multicentre study [18] or the United Kingdom
(8.1%) [19], but lower than that obtained in Brazil (38.2%) [20].
Given that the highest prevalence is found inwarm countries, these
findings suggest that the geographic variability of this pathogen
could be related to climatic factors, as it has been described in some
studies for PCP [21,22], although others show discrepant results
[23].

Additionally, the distribution of the different genera of fungi was
different in the three locations studied, reporting the existence of
geographic variability in adults with CF. The hospitals with the
highest number of genera identified were located in Seville and
Mallorca.

The predominant genus along with Pneumocystis spp. was
Candida spp. Although, Madrid has a high prevalence of Scedospo-
rium spp., in the Sevilla Hospital this genus does not appear. In
contrast, Cladosporium spp. genus is much more present in the
hospital of Seville, whereas in Madrid it hardly ever appears, and it
is relegated to non-adult patients. Additionally, the genus Exophiala
spp. seems to be relevant in hospitals located in Madrid and Mal-
lorca and is not observed in Seville.
ts with cystic fibrosis by centre

No. of
samples

Positive
samples, n (%)

Pneumocystis
jirovecii, n (%)

Other fungi, n (%)

60 49 (81.67) 19 (31.67) 44 (73.33)
45 29 (64.44) 12 (26.67) 24 (53.33)
30 15 (50) 5 (16.67) 11 (36.67)
45 26 (57.78) 8 (17.78) 23 (51.11)
180 119 (66.11) 44 (24.44) 102 (56.67)

iversity Hospital; Madrid 1, La Princesa University Hospital; Madrid 2, Ni~no Jesús
les, positive samples for P. jirovecii and/or other fungi.



Table 2
Dynamics of pathogen identified in sputum samples during the follow-up of patients with cystic fibrosis

Hospital Patient code Follow-up Age (y) FEV1 (%) Pseudomonas.
aeruginosa
colonization

0 moths 3 months 6 months 9 months 12 moths

Virgen del Rocío
University Hospital
(Seville)

HVR1 Aspergillus spp. A. restrictus Uncultured fungus 12 42 0
HVR2 Candida albicans/P.

jirovecii
C. albicans C. albicans 18 61 0

HVR3 Cladosporium spp. - - 21 42 1
HVR4 C. parapsilosis/P.

jirovecii
- - 27 68 1

HVR5 C. albicans/P. jirovecii Alternaria spp./W. sebi C. albicans/P. jirovecii 33 62 1
HVR6 C. flavescens/P. jirovecii C. herbarum Uncultured fungus 32 78 1
HVR7 Uncultured fungus P. jirovecii C. parapsilosis/P.

jirovecii
28 25 1

HVR8 C. albicans/P. jirovecii C. glabrata/P. jirovecii Candida spp. 18 51 1
HVR9 C. parapsilosis C. cladosporioides C. cladosporioides 25 39 1
HVR10 C. glabrata C. albicans C. albicans 21 33 0
HVR11 C. albicans C. albicans - 28 31 1
HVR12 Uncultured fungus C. albicans P. jirovecii 22 23 1
HVR13 - P. jirovecii/

Zygosaccharomyces spp.
- 9 78 1

HVR14 Aspergillus spp. P. jirovecii Uncultured fungus 9 90 0
HVR15 A. alternae/P. jirovecii C. albicans C. albicans 12 63 0
HVR16 C. albicans/C.

parapsilosis
C. parapsilosis/P.
jirovecii

- 10 86 0

HVR17 C. cladosporioides C. ramotenellum - 21 47 0
HVR18 C. cladosporioides - P. jirovecii 13 67 0
HVR19 C. albicans/P. jirovecii - C. parapsilosis 7 41 0
HVR20 Cladosporium spp./P.

jirovecii
C. glabrata/P. jirovecii P. jirovecii 14 85 0

La Princesa University
Hospital (Madrid 1)

HPP1 C. albicans - C. albicans C. albicans 28 83 1
HPP2 P. jirovecii - P. jirovecii/

Scedosporium
prolificans

S. prolificans - 20 59 0

HPP3 C. tropicalis C.tropicalis C. tropicalis C. tropicalis/P.
jirovecii

- 32 69 1

HPP4 - - 19 82 1
HPP5 S. prolificans - P. jirovecii - P. jirovecii/L.

elongisporus
25 66 0

HPP6 Exophiala dermatitidis E. dermatitidis/P.
jirovecii

E. dermatitidis/P.
jirovecii

E. dermatitidis/P.
jirovecii

E. dermatitidis/P.
jirovecii

18 48 1

HPP7 - C. albicans S. apiospermum C. albicans/P.
jirovecii

S. apiospermum 22 72 1

HPP8 - S. apiospermum P. jirovecii P. jirovecii S. boydii 22 60 0
HPP9 - - - C. albicans S. boydii 31 63 1
HPP10 P. jirovecii - - - 22 85 0

Ni~no Jesús University
Children's Hospital
(Madrid 2)

HNJ1 C. parapsilosis - C. albicans S. prolificans S. apiospermum 17 80 0
HNJ2 - - C. herbarum - Uncultured fungus 13 90 1
HNJ3 C. parapsilosis/P.

jirovecii
C.albicans/C. glabrata S. cereviseae P. jirovecii S. cereviseae 15 103 0

HNJ4 P. jirovecii - - - - 15 81 1
HNJ5 Trichosporon spp - - - P. jirovecii 15 78 0
HNJ6 - - - - P. jirovecii 12 96 0

Son Espases University
Hospital

HSE1 - C. ramotenellum C. albicans Sporobolomyces
spp.

Uncultured fungus 13 90 0

HSE2 C. albicans/C. flagrans/M.
restricta/P. jirovecii

C. albicans Uncultured fungus - - 10 9 0

HSE3 - - C. albicans/P. jirovecii - C. lusitaniae 12 90 0
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Table 3
Patterns of evolution over time of fungal microbiota in the study patients with cystic
fibrosis

Pattern No. of patients (%) No. of patients by hospital (%)

Seville Madrid 1 Madrid 2 Mallorca

þþþ 19 (42.22) 12 (60) 3 (30) 2 (33.33) 2 (22.22)
þþ� 7 (15.56) 3 (15) 2 (20) 0 2 (22.22)
þ�þ 4 (8.9) 2 (10) 0 1 (16.67) 1 (11.11)
þ�� 4 (8.9) 2 (10) 1 (10) 1 (16.67) 0
�þþ 6 (13.33) 0 3 (30) 1 (16.67) 2 (22.22)
�þ� 3 (6.67) 1 (5) 0 0 2 (22.22)
��þ 1 (2.22) 0 0 1 (16.67) 0
��� 1 (2.22) 0 1 (10) 0 0
Total 45 (100) 20 (100) 10 (100) 6 (100) 9 (100)

þ, positive; �, negative; the first symbol represents the situation at the beginning.
The second the situation during the follow-up (those with at least one sample þ are
considered positive) and the last symbol the final situation; Seville, Virgen del Rocío
University Hospital; Madrid 1, La Princesa University Hospital; Madrid 2, Ni~no Jesús
University Children's Hospital; Mallorca, Son Espases University Hospital. No,
Number.
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Furthermore, in agreement with what was previously described
[24], there are clearance and reinfection cycles for P. jirovecii. In our
study, this condition is extended to the rest of fungi that are only
present in some samples of each patient, alternating negative and
positive samples over time in most of them.

Eleven of the patients presented chronic colonization by fungi: 4
by C. albicans, 3 by P. jirovecii, 1 by Cladosporium cladosporioides, 1
by C. parapsilosis, 1 by C. tropicalis and 1 presented concomitant
chronic colonization by P. jirovecii and Exophiala dermatitidis.

Candida spp. colonization is very common in patients with CF.
Usually, Candida spp. does not seem to cause pulmonary exacer-
bations; however, a recent retrospective analysis revealed that
colonization by C. albicans was associated with a decline in lung
function [25,26]. The roles of C. parapsilosis and C. tropicalis in this
disease are not yet clarified. The low prevalence of Aspergillus spp.
observed in our study is striking, a finding that could be related to
the low sensitivity of using only the ITS gene to detect this fungus.

Meanwhile, only 1 (2.22%) patient remained negative for fungi
throughout the entire study. It is important to highlight that only 2
of 5 expected samples could be obtained from this patient, which
could be indicating an improvement in the progression of the
disease and the clearance of pulmonary microorganisms.

Interestingly, in our study fungi are geographically distributed
according to a criterion that is still unknown, but could be related to
climate or a preferred habitat that favours the local spread of some
fungal genera.
Fig. 1. Global distribution of fungal genera in sputum samples of patients with cystic
fibrosis from Spain.



Fig. 2. Distribution of fungal genera in sputum samples of patients with cystic fibrosis from Spain by Center. A. Virgen del Rocío University Hospital (Seville); B. La Princesa
University Hospital (Madrid 1); C. Ni~no Jesús University Children's Hospital (Madrid 2); D. Son Espases University Hospital (Mallorca).
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Another novel aspect of our study is the finding that what is
observed for the bacterial microbiota [27] is also true for the dis-
tribution of fungi: the fungal microbiota changes significantly with
age in patients with CF. Although the main fungi, such as Candida
spp. and Pneumocystis spp., predominate in both adults and non-
adult patients, others like Exophiala spp. are specific to adults like
previously reported [28], whereas Saccharomyces spp. is only found
in the non-adult population.

On the other hand, we have also found a different distribution of
fungi by gender, not previously described, especially of uncertain
origin and significance. However, we hypothesize that it could be
because of a different susceptibility because of certain character-
istics of the host linked to sex.

The present study had some limitations. Regarding the type of
sample, sputum is not considered the most representative sample
of the lung microbiota, whose reference standard, is bron-
choalveolar lavage. Sputum is frequently used in epidemiological
studies of the lung microbiota in subjects with pulmonary affec-
tions because of its null invasiveness. Another limitation is that
those samples from Virgen del Rocío University Hospital, previ-
ously analysed, are asynchronous regarding the samples from other
participating hospitals.

The cohort design that allows the sequential evaluation of pa-
tients and the number of subjects and samples analysed, being
much higher than those previously described in the literature
[4,14e20], is a remarkable strength that increases the validity of the
results obtained.
It is now evident that lung bacterial colonization has an
important impact on the evolution of CF. In the present study, we
have been able to demonstrate the existence of a high prevalence of
fungal respiratory microbiota in patients with CF, whose dynamics
are characterized by the existence of multiple cycles of clearance
and recolonization, reporting the existence of geographic, age and
gender variability in the distribution of fungal genera in this dis-
ease. Further larger prospective studies are required to confirm
these findings and define their clinical relevance.
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