Pediatric Pulmonology W I L EY

PEDIATRIC|PULMONOLOGY,

| ORIGINAL ARTICLE DD

Impact of Modulator Therapy on the Chronic
Colonization of Lower Respiratory Tract Pathogens in
Children: Data From Cystic Fibrosis Registry of Turkey

Birce Sunman’ | Ebru Yalcin' | Meltem Akgiil Erdal' | Velat Sen® | Azer Kili¢ Baskan® | Ayse Ayzit Kiling® |

Hakan Yazan® | Erkan Cakir’ (2) | Aysegiil Dogan Demir® | Gokgen Unal’” | Suat Savas’ | Sevgi Pekcan’ (5) | Merve Korkmaz® |
Yakup Canitez® | Gokcen Kartal Oztiirk® (5) | Figen Giilen® | Elif Ark™ {2) | Ozlem Keskin'® | Ali Ersoy" | Mehmet Kose'" |
Mabhir Serbes'® | Derya Ufuk Altintas'®> | Abdurrahman Erdem Basaran'® | Aysen Bingol'® | Zeynep ilksen Hocoglu'* |

Ayse Tana Aslan'* | Demet Polat Yulug'® | Ali Ozdemir"® | Sat1 Ozkan Tabakg1'® | Dilber Ademhan Tural'® |
Koray Harmanci1'” | Beste Ozsezen'® | Nazan Cobanoglu'® | Sedef Narin Tongal® | Goniil Caltepe® |

Melih Hangiil** (®) | Zeynep Gokge Gayretli Aydin® | Mehmet Kilig>* | Mina Hizal* | Nilay Bag®® (2) |

Gizem Ozcan®’ (5) | Tugba Sismanlar Eyiiboglu'* | Nagehan Emiralioglu® | Giizin Cinel'® (5) | Ugur Ozcelik' |

Deniz Dogru’

'Department of Pediatric Pulmonology, School of Medicine, Hacettepe University, Ankara, Turkey | *Department of Pediatric Pulmonology, Dicle
University Faculty of Medicine, Diyarbakir, Turkey | *Department of Pediatric Pulmonology, Cerrahpasa Faculty of Medicine, istanbul University-
Cerrahpasa, istanbul, Turkey | “Department of Pediatric Pulmonology, Istanbul Medipol University, Istanbul, Turkey | *Department of Pediatric
Pulmonology, Istinye University Hospital, Liv Vadi Hospital, Istanbul, Turkey | Division of Pediatrics, Bezmialem Vakif University, Istanbul,
Turkey | "Department of Pediatric Pulmonology, Faculty of Medicine, Necmettin Erbakan University, Konya, Turkey | ®Department of Pediatric
Allergy, Uludag University Faculty of Medicine, Bursa, Turkey | Department of Pediatric Pulmonology, Ege University Faculty of Medicine, izmir,
Turkey | '°Department of Pediatric Allergy and Immunology, Faculty of Medicine, Gaziantep University, Gaziantep, Turkey | ''Department of
Pediatric Pulmonology, Erciyes University Faculty of Medicine, Kayseri, Turkey | *Department of Pediatric Allergy and Immunology, Cukurova
University Faculty of Medicine, Adana, Turkey | **Department of Pediatric Allergy, Immunology and Pulmonology, Faculty of Medicine, Akdeniz
University, Antalya, Turkey | *Department of Pediatric Pulmonology, Gazi University Faculty of Medicine, Ankara, Turkey | '*Department of
Pediatric Pulmonology, Mersin City Hospital, Mersin, Turkey | '®Department of Pediatric Pulmonology, Ankara City Hospital, Ankara,

Turkey | '"Department of Pediatric Allergy, Osmangazi University Faculty of Medicine, Eskisehir, Turkey | '®Department of Pediatric Pulmonology,
Sanliurfa Training and Research Hospital, Urfa, Turkey | '*Department of Pediatric Pulmonology, Ankara University Faculty of Medicine, Ankara,
Turkey | *°Department of Pediatric Allergy, Immunology and Pulmonology, Faculty of Medicine, Celal Bayar University, Manisa,

Turkey | *'Department of Pediatric Gastroenterology, Ondokuz Mayis University Faculty of Medicine, Samsun, Turkey | **Department of Pediatric
Pulmonology, Gaziantep Cengiz Gokcek Maternity and Child Diseases Hospital, Gaziantep, Turkey | **Department of Pediatric Infectious Disease,
Karadeniz Technical University Faculty of Medicine, Trabzon, Turkey | **Department of Pediatric Allergy and Immunology, Firat University Faculty
of Medicine, Elazig, Turkey | **Department of Pediatric Pulmonology, Dr. Sami Ulus Children's Hospital, Ankara, Turkey | **Department of
Pediatric Pulmonology, istanbul University istanbul Faculty of Medicine, istanbul, Turkey | *’Department of Pediatric Pulmonology, Kayseri City
Hospital, Kayseri, Turkey

Correspondence: Birce Sunman (bircesunman@gmail.com)
Received: 23 December 2024 | Revised: 22 April 2025 | Accepted: 29 May 2025
Funding: The authors received no specific funding for this work.

Keywords: CFTR modulator | cystic fibrosis | pathogen | Pseudomonas

This study was performed at Ihsan Dogramaci Children's Hospital, University of Hacettepe, Ankara, Turkey.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited and is not used for commercial purposes.

© 2025 The Author(s). Pediatric Pulmonology published by Wiley Periodicals LLC.

Pediatric Pulmonology, 2025; 60:¢71155 1of 11
https://doi.org/10.1002/ppul.71155


https://doi.org/10.1002/ppul.71155
https://orcid.org/0000-0001-9818-8782
https://orcid.org/0000-0002-7600-7909
https://orcid.org/0000-0002-2879-8910
https://orcid.org/0000-0002-1438-7854
https://orcid.org/0000-0002-8059-902X
https://orcid.org/0000-0002-0793-9710
https://orcid.org/0000-0002-7319-8535
https://orcid.org/0000-0001-7340-0409
https://orcid.org/0000-0002-7009-4917
https://orcid.org/0000-0002-0334-6336
https://orcid.org/0000-0002-0052-8361
https://orcid.org/0000-0002-3686-2927
https://orcid.org/0000-0001-6226-0340
https://orcid.org/0000-0002-6922-4948
https://orcid.org/0000-0002-5102-0031
https://orcid.org/0000-0001-9063-4063
https://orcid.org/0000-0002-6209-196X
https://orcid.org/0000-0001-9931-9473
mailto:bircesunman@gmail.com
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1002/ppul.71155

ABSTRACT

Background: Modulators have revolutionized cystic fibrosis (CF) management, but their effects on respiratory pathogens
remain unclear. This study evaluated changes in lower respiratory tract pathogen detection after modulator therapy in children
with CF, registered in the Cystic Fibrosis Registry of Turkey.

Method: This retrospective, multicenter cohort study included children receiving modulator therapy between 2020 and 2022.
Chronic respiratory tract colonization rates before and after therapy were compared, along with inhaler treatments, oral steroid,
azithromycin use, pulmonary function tests, and hospitalizations for pulmonary exacerbations. The cohort was stratified by age,
modulator type, and lung disease severity. Changes in microbiologic data over a 1-year period were also analyzed for children
not receiving modulator therapy.

Results: A total of 101 children (mean age 9.95 + 4.44 years) were included. Following modulator therapy, respiratory
cultures of 57 (56.4%) were negative. Among 32 children with chronic Pseudomonas aeruginosa (P. aeruginosa) colo-
nization, 14 (44%) showed negative respiratory cultures after receiving modulator therapy (p = 0.039). Conversion to
culture-negative status was significant for methicillin-sensitive Staphylococcus aureus (MSSA) (p=0.022) and
methicillin-resistant Staphylococcus aureus (MRSA) (p = 0.034), with ETI therapy yielding the highest conversion rates.
Inhaled antibiotic use for chronic respiratory pathogens decreased significantly (p = 0.039), and spirometry parameters
improved (p <0.001). Among 1232 children not receiving modulators, 180 (14.6%) had negative respiratory cultures
when examined at 1-year interval. In the same group, intermittent/chronic P. aeruginosa colonization was negative in 58
cases, while 85 developed new growth, following modulator therapy, with positivity rates rising from 16.3% to 18.5%
(p =0.030). No significant changes in other pathogen detection were observed.

Conclusion: Modulators, particularly ETI, reduced respiratory pathogen detection and improved lung function in children

with CF.

1 | Introduction

Cystic fibrosis (CF) is an autosomal recessive genetic dis-
order caused by mutations in the gene encoding the cystic
fibrosis transmembrane conductance regulator (CFTR)
protein [1]. These mutations result in impaired chloride ion
transport leading to dehydrated mucus, impaired mucocili-
ary clearance, and increased susceptibility to respiratory
tract infections, ultimately causing airway damage [2].
Despite advancements in antibiotic therapies, including
inhaled and intravenous treatments, respiratory failure
remains the leading cause of morbidity and mortality among
CF patients.

The introduction of CFTR modulator therapies has revolution-
ized the management of lung infections in CF by addressing the
underlying molecular defect rather than merely treating symp-
toms [3]. Ivacaftor (IVA), approved in 2012 for patients with
gating mutations, demonstrated rapid and significant reductions
in the burden of Pseudomonas aeruginosa (P. aeruginosa) within
48 h of treatment [4]. Studies indicate that IVA reduces P. aer-
uginosa and Staphylococcus aureus (S. aureus) levels, potentially
due to its quinolone-like chemical structure, which may weakly
inhibit bacterial DNA gyrase and topoisomerase IV [5]. However,
complete eradication remains rare, with bacterial levels often
returning to baseline following initial reductions [6]. Other CF-
associated pathogens, including Burkholderia cepacia (B. cepa-
cia), and Stenotrophomonas maltophilia (S. maltophilia), also
exhibit reduced levels with IVA treatment, though the reduction
is notably less pronounced compared to P. aeruginosa [7].

A few years later, lumacaftor in combination with IVA
which was approved in 2015, was also shown to reduce total

bacterial loads 8-16 weeks after therapy initiation [8].
The next-generation combination therapy, elexacaftor-
tezacaftor-ivacaftor (ETI), approved by the FDA in 2019,
represent a significant advancement in the treatment of CF
by significantly decreasing P. aeruginosa detection rates
[9, 10]. Several studies have shown a significant reduction in
the bacterial burden of S. aureus and P. aeruginosa following
ETI therapy [9-12]. However, patients with severe lung
impairment or chronic infections experienced limited bac-
terial clearance compared to those with intermittent infec-
tions [12, 13].

CFTR modulators have also been associated with a reduced
risk of nontuberculous mycobacteria (NTM) positivity [14].
Although the impact of modulators on NTM infections
remains limited and emerging, ongoing research suggests
that these therapies may help manage this challenging
group of pathogens. However, reduced sputum production
due to improved lung function complicates the detection
of infections, necessitating more advanced diagnostic
approaches [15].

Given the growing use of modulator therapies, important
questions remain about their impact on respiratory pathogens.
To address these gaps, this study aimed to evaluate bacterial
cultures before and after modulator therapy initiation in chil-
dren registered in the Cystic Fibrosis Registry of Turkey
(CFRT). Additionally, we explored whether the decline in
microorganism detection frequency varied based on modulator
type, age group, and lung disease severity. Secondary outcomes
included evaluating changes in respiratory therapies, pulmo-
nary function tests, and hospitalizations due to pulmonary
exacerbations.
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2 | Methods

2.1 | Patients

In this retrospective, multicenter, longitudinal cohort study,
data were retrieved from CFRT for children with CF under
the age of 18 who were prescribed single-, dual-, or triple-
combination modulator therapy for the first time between
2020 and 2022. To enable pre- and posttreatment compari-
sons, registry data from the years 2019 to 2023 were used for
analysis. The registry contained no records of children
receiving modulator therapy prior to 2020. In Turkey,
modulator therapy is not yet reimbursed by the national
health system. As a result, patients face significant barriers
to access, often experiencing interruptions in their treat-
ment. In many cases, families obtain the medication
through legal action, which grants access to a 3-month
supply. However, they must reapply through the courts for
each additional 3-month period. Children receiving modu-
lator treatment with breaks longer than 30 days, treatment
durations of 90 days or less, or those whose microbiological
colonization status was recorded as “unknown” or “missing
data” were excluded from the study.

On the other hand, to compare with the data of children
using modulator therapy, children under the age of 18 who
had not previously received modulator treatment were
retrieved from the records. Since these children have never
used modulators, the data from 2022 were compared with
the data from 2023 in this control group over a 1-year
period. Those with missing microbiological data were
excluded.

This study was performed in line with the principles of the
Declaration of Helsinki and it was approved by the Ethical
Committee of Hacettepe University (Reference Number: GO
2021/04-64, Dated 23 February 2021). Other centers in this
study have signed a formal reliance agreement with our
university. Written informed consent from parents or care-
givers and assent from study participants if older than
12 years were obtained from the registry.

2.2 | Data Collection

The demographic and clinical data were obtained from
CFRT. Demographic data (including age at CF diagnosis,
age at the commencement of modulator therapy, sex, body
weight, height, body mass index (BMI), and genetic results)
and clinical data (such as pulmonary function test param-
eters, chronic and nonchronic growths of lower respiratory
tract pathogens) were collected. Additionally, respiratory
therapies (including dornase alfa, continuous use of in-
haled antibiotics, inhaled hypertonic saline/mannitol,
inhaled bronchodilator, inhaled/oral steroids, long-term
azithromycin use, oxygen requirements, use of non-
invasive mechanical ventilation, and duration of hospital-
ization due to pulmonary exacerbations) were compared
between the premodulator period and the first year follow-
ing the initiation of modulator therapy.

The source of microbiological samples, whether obtained
from sputum or throat swabs, was not explicitly specified in
the CFRT. Nevertheless, it is well known that providing a
sputum sample is challenging for younger children.
Chronic P. aeruginosa infection was defined according to
the modified Leeds criteria as more than 50% of airway
samples testing positive for P. aeruginosa within the past
12 months, with at least four samples collected. Intermittent
infection was defined as 50% or fewer airway samples testing
positive for P. aeruginosa within the past 12 months.
However, since the number of intermittently infected chil-
dren in our cohort was very low, we combined the two
groups to facilitate a more robust statistical analysis, treat-
ing them as intermittently or chronically positive for any
microorganism.

Besides P. aeruginosa, we also examined the changes in the
prevalence of respiratory cultures positive for traditionally CF
pathogens. Chronic colonization with methicillin-susceptible
Staphylococcus aureus (MSSA), MRSA, B. cepacia, Haemophilus
influenzae (H. influenzae), Achromobacter species, S. mal-
tophilia, and nonchronic growth of NTM were also defined
according to these criteria, based on the European CF Patient
Registry (ECFSPR) reference [16].

Considering the known age-specific differences in micro-
biological colonization [13], we stratified our cohort into
6-year age intervals and analyzed the detection of micro-
organisms within these groups before and after the initia-
tion of ETI therapy. Further, we stratified our cohort by the
modulator type used (IVA/tezacaftor + IVA/lumacaftor
+ IVA/elexacaftor + tezacaftor + IVA) and lung disease
severity into two groups based on the percent predicted
forced expiratory volume (ppFEV;), classified as <70%
and > 70%.

For the group of children who had not previously received any
of the modulator therapy, data on the chronic colonization of
P. aeruginosa, MSSA, MRSA, B. cepacia, H. influenzae, Achro-
mobacter species, S. maltophilia, and nonchronic growth of
NTM were collected over 1-year period.

2.3 | Statistical Analysis

Statistical analyses were performed using SPSS 22 (SPSS
version 22.0; SPSS). Categorical variables were presented as
percentages (%). Independent categorical variables were
analyzed using the y* test (with or without continuity cor-
rection) or Fisher's exact test, while dependent categorical
variables were analyzed using McNemar's test. Normally
distributed continuous variables were analyzed using the
Student t-test and expressed as mean + standard deviation
(SD). Non-normally distributed continuous variables were
analyzed using the Mann-Whitney U test and expressed as
median (with 25th-75th percentile, interquartile range—
IQR). For comparisons between two dependent variables, the
Wilcoxon signed-rank test was used for non-normally dis-
tributed data, while the paired t-test was applied for nor-
mally distributed data. Values of p <0.05 were considered
statistically significant.
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3 | Results

3.1 | Patients’ Characteristics

A total of 101 children who initiated modulator therapy for
the first time and adhered to it for at least 3 months between
2020 and 2022 were included. The records indicated that the
number of patients receiving modulator therapy for at least
3 months was 1 in 2020, 17 in 2021, and 83 in 2022. In 2022,
among the patients who started therapy, 3 receiving IVA and
10 receiving ETI had a treatment interruption of <1 month
within the same year after completing their initial 3-month
course. Apart from these cases, all other patients continued
their treatment without interruption.

Of the study population, 53% (n = 54) were female, while
47% (n =47) were male. The median age at CF diagnosis
among children in the study group was 3 months (IQR:
2-7 months). The mean age at the initiation of modulator
therapy was 9.95 +4.44 years. BMI z score of the study
population was —0.35+1.17 prior to the initiation of
therapy.

Within the study population, 39 children (38.6%) were homo-
zygous for the F508 mutation, while 34 (33.6%) were hetero-
zygous. Among the 101 children, 17 were prescribed IVA, 9
received lumacaftor/IVA, 7 were treated with tezacaftor/IVA,
and the remaining 68 were prescribed ETIL.

A total of 1232 children who had not previously received
modulator therapy were recruited from CFRT. Of these, 46%
were female, and the mean age at recruitment into the study
was 12 (9-16) years. The demographic and clinical char-
acteristics of the study subjects, including those not using
modulators, are presented in Table 1, while the demo-
graphic characteristics according to the type of modulator
used are further detailed in Supporting Information S1:
Table 1.

3.2 | Detection Rate of Lower Respiratory Tract
Pathogens Following Modulator Therapy

Out of 101 children, 57 (56.4%) experienced a change in respi-
ratory pathogen detection status, shifting from positive to
negative or from intermittent/chronic to negative following
modulator therapy.

Intermittent or chronic P. aeruginosa colonization was negative
in 14 out of 32 children following modulator therapy, with the
difference being statistically significant (p =0.039) (Figure 1);
however, new P. aeruginosa colonization developed in 5 chil-
dren (Table 2).

Following the initiation of modulator therapy, a statistically
significant change in the detection status of MSSA and
MRSA from intermittent or chronic to negative was
observed (29 out of 42; p =0.022 and 9 out of 17; p =0.034,
respectively) (Figure 1). In total, 14 new cases of MSSA and
3 new cases of MRSA developed under modulator therapy
(Table 2).

The change in detection status for other bacterial species did
not reach statistical significance (p > 0.05).

Respiratory cultures were negative following ETI therapy in 11
out of 14 children with intermittent or chronic P. aeruginosa
colonization, 17 out of 29 children with MSSA, and 7 out of 9
children with MRSA (Table 3).

After stratification by age groups, there were 19 children in the
0-6 age group, 46 children in the 6-12 age group, and 36
children in the 12-18 age group. Significant reduction in
detection frequencies of P. aeruginosa and MRSA after the
initiation of modulator therapy was observed only in 6-12-year
age group. Detection frequencies of P. aeruginosa, MSSA, and
MRSA remained unchanged in children younger than 6 years
(p=0.655, p=0.157, p=1; respectively) and older than
12 years (p = 0.180, p =0.197, p = 0.655; respectively).

Stratification by lung disease severity based on ppFEV, revealed
a significant shift from intermittent/chronic to negative P. aer-
uginosa status only in the ppFEV;>70% group (p=0.046).
Conversely, MSSA demonstrated a significant shift from inter-
mittent/chronic to negative only in the ppFEV; <70% group
(p =0.035) (Supporting Information S2 and S3: Tables 2 and 3).

We further stratified our cohort into four groups based on the
type of modulator therapy used. The culture negativity of
intermittent or chronic colonization with P. aeruginosa and
MRSA before and after treatment was observed only in the
group receiving ETI therapy (p =0.013 and p =0.034, respec-
tively) (Supporting Information S4: Table 4).

All patients with infections caused by H. influenzae, NTM,
Achromobacter, and Stenotrophomonas were observed to
become culture-negative following modulator therapy (Table 2).
However, due to the small sample size, these cases were not
included in the statistical analysis. Notably, only one patient
with a Burkholderia infection did not achieve culture negativity
in sputum samples.

Out of 1232 children who did not receive modulator therapy,
180 (14.6%) experienced a change in respiratory pathogen
detection status, shifting from positive to negative or from
intermittent/chronic to negative over a 1-year period. Inter-
mittent or chronic P. aeruginosa colonization was negative in 58
while 85 developed new P. aeruginosa growth after a 1-year
interval. At recruitment, the growth rate of P. aeruginosa was
16.3%, which increased to 18.5% after 1 year (p=0.030)
(Figure 1). No statistically significant change was observed in
the detection status of other pathogens, including MSSA and
MRSA, transitioning from intermittent or chronic to negative,
over a 1-year period without modulator therapy.

3.3 | Respiratory Medications

The continuous use of inhaled antibiotics for more than
3 months prior to the initiation of modulator therapy was
observed in 37 children, while 29 continued using them after
starting modulator therapy, with this difference being statisti-
cally significant (p = 0.039) (Table 4). However, no significant
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TABLE 1 | Demographic characteristics of children prior to initiation of modulator therapy.

Group using

Group not using

modulator (n=101) modulator (n =1232) p value
Age at the recruitment of the study (years), median (IQR) 11 (8-15) 12 (9-16) 0.062
Age at commencement of modulator (years), mean + SD 9.95+4.44 —
Gender 0.147
Female, n (%) 54 (53.4%) 565 (46%)
Male, n (%) 47 (46.6%) 667 (54%)
Age at CF diagnosis (months), median (IQR) 3 (2-7) 3.96 (2-12) 0.117
Body weight (kg), mean + SD 30.36 + 12.56 30.96 +15.50 0.619
Z score, mean + SD —-0.27 +£1.10 —-0.64+1.12 0.014*
Height (cm), mean + SD 133.07 +£24.35 132.26 +22.67 0.379
Z score, mean + SD —0.08 +1.05 —0.75+1.42 < 0.001*
BMI (kg/m?), mean + SD 16.32 +2.56 16.57 + 3.33 0.995
Z score, mean + SD —-0.35+1.17 —0.46+1.16 0.573
CFTR mutations, n (%) <0.001*
F508 Homozygous 39 (38.6%) 112 (9%)
F508 Heterozygous 34 (33.6%) 170 (13.9%)
Other 28 (27.7%) 779 (63%)
Unknown 0 171 (14.1%)
Pulmonary function tests n=60 n=566
FEV, (L), mean + SD 1.65+0.63 1.76 (1.25-2.46) 0.055
% FEV,, median (IQR) 78 (56.5-93.75) 86 (72-98) 0.015*
FVC (L), mean + SD 2.03+0.76 1.97 (1.40-2.88) 0.641
% FVC, median (IQR) 83 (66.25-100.75) 92 (77-104) 0.010*
Number of children receiving modulator treatment
Ivacaftor, n (%) 17 (16.8%) —
Lumacaftor/ivacaftor, n (%) 9 (8.9%) —
Tezacaftor/ivacaftor, n (%) 7 (6.9%) —
Elexacaftor/tezacaftor/ivacaftor, n (%) 68 (67.4%) —

Abbreviations: BMI, body mass index; CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator; FEV;, forced expiratory volume in one second;
FVC, forced vital capacity; BMI, body mass index; IQR, interquartile range; SD, standard deviation.

*Statistical significance.

differences were found in the frequency of other respiratory
tract medications or the duration of hospitalization due to
pulmonary exacerbations before and after modulator therapy
(Table 4). The frequency of respiratory tract medications and
the number of pulmonary exacerbations in the group using ETI
were shown in Supporting Information S5: Table 5.

3.4 | Pulmonary Function Tests and
Anthropometric Measurements

Before modulator therapy, the predicted percentage of FEV; of
the study group was 78 (56.5-93.75), which increased to 85
(62.5-102) following treatment. Modulator therapy resulted in a
statistically significant increase in both the FEV; value and the
PPFEV; (p<0.001 and p=0.001, respectively). Additionally,
forced vital capacity (FVC) values and the predicted percentage
of FVC showed significant improvement following modulator

therapy compared to premodulator levels (p<0.001 and
p = 0.001, respectively) (Table 4).

Treatment with modulator therapy also resulted in a signifi-
cant increase in BMI z score (—0.35+1.17 vs. —0.23 + 1.08;
p =0.031) (data not shown).

4 | Discussion

This study evaluated the impact of CFTR modulator therapy on
lower respiratory tract pathogens in children registered in the
CFRT. Our data demonstrated that following modulator ther-
apy, culture-negative status developed in cases of intermittent
or chronic colonization by P. aeruginosa, MSSA, and MRSA.
These results align with existing literature suggesting that CFTR
modulators enhance mucociliary clearance, improve airway
surface hydration, and reduce bacterial colonization [9, 13].
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Changes In the Percentage of Colonization of Traditional
Pathogens In Groups With or Without Modulator Use
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FIGURE 1 | Changes in the percentage of colonization of traditional pathogens in groups with or without modulator use (*: statistical
significance).

This was the first study assessing the effect of modulators on the
detection frequency of lower respiratory tract pathogens, using
data from CFRT.

Our study demonstrated that 44% of intermittently or chroni-
cally P. aeruginosa-colonized patients, 69% of MSSA-colonized
patients, and 53% of MRSA-colonized patients achieved a neg-
ative status following modulator therapy. The culture-negative
status of intermittent or chronic colonization by P. aeruginosa
after modulator treatment was found to be somewhat higher
compared to those reported in the literature [17, 18]. Compared
to other studies, the lower average age—and consequently less
severe lung damage—may explain this finding. However, the
development of new pathogen colonization under modulator
therapy highlights the ongoing challenges of managing chronic
infections despite modulator use. This could be attributed to the
varying severity of lung damage and incomplete restoration of
CFTR function in advanced disease stages [12]. Longer-term
follow-up will help determine whether these infections are
transient or become chronic.

CFTR modulators restore CFTR function, improving mucus
viscosity and enhancing the clearance of bacteria trapped in the
mucus layer [19]. Additionally, modulators increase airway
pH to levels closer to those observed in individuals without CF,

potentially enhancing the activity of multiple antimicrobial
factors in airway secretions with broad-spectrum antibacterial
effects [20]. Leukocyte function may also improve following
modulator therapy [21].

Beck and colleagues conducted the first study evaluating the
effects of at least 12-month-duration triple-combination mod-
ulator therapy on lower respiratory tract pathogens before and
after its initiation [9]. Unlike our study, that study failed to
demonstrate a significant difference in MSSA and MRSA
detection frequency whereas a significant reduction in P. aer-
uginosa was observed in the posttreatment group. An important
distinction of this study was the ability to categorize cultures as
either sputum or throat swabs. In this study, the source of
bacterial culture was predominantly sputum in the pretreat-
ment group, whereas a throat source was more common in the
posttreatment group.

When all age groups in our cohort using modulator therapy
were analyzed together, significant culture negativity for
P. aeruginosa, MSSA, and MRSA was observed; however, it
should be considered that this finding may not necessarily
indicate the complete absence of these pathogens, as im-
proved CFTR function reduces sputum availability, making
PCR testing more advantageous in such cases. Numerous
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Number of children achieving culture negativity after modulator therapy, by pathogen and therapy type.

TABLE 3
Pathogen

ETI (n)

IVA + LUMA (n)

IVA + TEZA (n)

IVA (n)

Total achieving negativity (n)

S n O © o o o

S n O ©O O©O Oo© O

Nn T N A~ O O ~

14

Chronic/intermittent P. aeruginosa colonization

Chronic/intermittent MSSA colonization

A AN~ o~

Chronic/intermittent MRSA colonization

Chronic/intermittent H. influenzae colonization

NTM growth

S. maltophilia growth

Chronic/intermittent Achromobacter

Abbreviations: IVA, ivacaftor; TEZA, tezacaftor; LUMA, lumacaftor; ETI, elexacaftor/tezacaftor/ivacaftor; P. aeruginosa, Pseudomonas aeruginosa; MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant

Staphylococcus aureus; H. influenzae, Haemophilus influenzae; NTM, nontuberculous mycobacteria; S. maltophilia, Stenotrophomonas maltophilia.

studies have concluded that correcting CFTR dysfunction
reduces sputum production in many individuals with CF;
however, many pathogens persist in damaged airways. In
the study by Nichols and colleagues, measurements of spu-
tum density showed that the average density of S. aureus,
P. aeruginosa, S. maltophilia, Achromobacter, and Bur-
kholderia species declined after starting ETI, although most
participants remained infected [12]. On the other hand, in
our study, the limited availability of sputum samples in
younger children may have led to an underestimation of
infections in the younger cohort, resulting in an inaccurately
reported decline in detection frequency.

The observed improvements in pulmonary lung functions fol-
lowing modulator therapy further reinforce the therapeutic
benefits of modulator therapy in stabilizing or even enhancing
lung function. These findings are consistent with previous
reports indicating that CFTR modulators improve pulmonary
outcomes by reducing airway obstruction, inflammation, and
infection-related damage [9, 18].

Interestingly, in this study, while the use of inhaled antibiotics
decreased significantly, the frequencies of other respiratory
treatments and duration of hospitalization due to pulmonary
exacerbations remained unchanged. This suggests that while
modulator therapy effectively targets specific pathogens; com-
prehensive management, including ongoing respiratory care,
remains essential.

We stratified our cohort into four groups based on the type of
modulator therapy used. A significant negativity for intermit-
tent/chronic colonization by P. aeruginosa was observed in the
group receiving ETI therapy, whereas a similar effect was not
observed with single or dual CFTR modulator therapies. This
finding aligns with the literature in demonstrating the clinical
effectiveness of triple-combination therapy [9].

Age group stratification revealed that younger P. aeruginosa-
positive children were more likely to become culture-
negative during modulator treatment. However, the findings
in our study did not entirely align with this pattern. An
overall reduction in the detection frequencies of P. aerugi-
nosa and MRSA following the initiation of modulator ther-
apy was observed only in 6-12-year age group, unexpectedly
with no significant reduction seen in children under 6 years
or those aged 12-18 years. This finding may be explained by
the lower ETI usage rate of 10% in the under-6 age group
compared to higher rates above 6 years. Additionally, the
sample size consisting of children under the age of 6 was
smaller compared to other age groups, and the prevalence of
positive cases was also lower in this younger cohort, a sig-
nificant difference in detection status of pathogens may not
have been detected.

After stratification by lung disease severity based on pulmo-
nary function test results, a significant shift from intermit-
tent/chronic to negative P. aeruginosa status was observed
only in the ppFEV;>70% group. The literature provides
several examples suggesting that disease severity may have
contributed to the negative conversion of P. aeruginosa in
sputum cultures [22].
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TABLE 4 |

Comparison of respiratory therapies and pulmonary function tests pre- and postmodulator therapy.

Before modulator After modulator

therapy (n=101) therapy (n=101) p value
Use of rhDNase, n 101 101 1
Continuous use of (> 3 months) inhaled antibiotics, n 37 29 0.039*
Continuous use of (>3 months) inhaled hypertonic saline, n 46 45 0.491
Continuous use of (> 3 months) inhaled mannitol, n 8 8 1
Continuous use of (> 3 months) inhaled bronchodilator, n 43 48 0.072
Inhaled steroid use, n 21 20 0.670
Oral steroid use, n 1 1 1
Continuous use of (> 3 months) azithromycin, n 17 11 0.144
Oxygen therapy, n 7 4 0.180
Best FEV, (L) during the year, mean + SD 1.65+0.63 2.18 +0.85 < 0.001*
%, median (IQR) 78 (56.5-93.75) 85 (62.5-102) 0.001*
Best FVC (L) during the year, mean + SD 2.03+0.74 2.35+0.97 < 0.001*
%, median (IQR) 83 (66.25-100.75) 90 (67.5-104) 0.001*
PEx, n 0 (0-9) 0 (0-12) 0.041*
Hospitalization due to PEx (days), median (min-max) 0 (0-105) 0 (0-176) 0.120

Note: Bold p values with asterisks indicate statistical significance (p < 0.05).

Abbreviations: FEV,, forced expiratory volume in one second; FVC, forced vital capacity; rhDNase, dornase alfa; PEx, pulmonary exacerbation; SD, standard deviation.

Correction of CFTR function enhances mucociliary clearance,
especially in minimally damaged airways, thereby creating a
less conducive environment for P. aeruginosa attachment and
biofilm formation, which may partially explain this finding. On
the other hand, children with better preserved lung function
(ppFEV; > 70% group) fail to achieve culture negativity for
intermittent/chronic colonization by MSSA whereas a shift
from intermittent/chronic to negative status was observed in
the ppFEV; <70% group. In the study of Dittrich and col-
leagues, a decline in pathogen detection frequencies, regardless
of lung function grouping, was observed 21 months after the
initiation of modulator therapy [13]. Since we did not examine
the long-term effects of modulator therapy, a significant dif-
ference may not have been observed in a short-term follow-up.
Additionally, recent evidence suggests that S. aureus coloniza-
tion increases in older adults with more structural lung damage
despite receiving modulator therapies [23].

In the group of children who had not previously received
modulator therapy, no statistically significant shift from positive
to negative or from intermittent/chronic colonization to nega-
tive was observed. Our study is important as it includes a
control group that was not prescribed modulator therapy.

Nevertheless, this study has limitations. The relatively small
sample size and retrospective design may affect the general-
izability of our findings. Further, challenges related to the
COVID-19 pandemic may have contributed to increased miss-
ing data. Additionally, the registry does not contain information
on whether the culture samples were obtained from sputum or
throat swabs. As modulator therapy may lead to less reliable
sputum samples, it remains unclear whether the decline in
detection frequencies was due to reduced sputum availability,

with swab samples yielding lower detection frequencies in
culture-based analyses.

In summary, our findings highlight the promising potential of
CFTR modulator therapy, particularly ETI, in reducing respi-
ratory tract pathogen colonization, especially by the traditional
pathogens, in children with CF. A large-scale, multicenter study
using more robust techniques such as PCR-based sampling
methods should be conducted to further evaluate the impact of
modulator therapy on both common and less prevalent CF
pathogens.
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