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Clinical features associated with Pseudomonas aeruginosa
colonization in children under 2 years of age: a retrospective
study of Cystic Fibrosis Registry
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ABSTRACT

Background. Respiratory colonization with Pseudomonas aeruginosa is associated with increased morbidity and
mortality in cystic fibrosis (CF) patients. This study aims to assess the clinical characteristics and associated
factors of CF infants under two years of age with P. aeruginosa colonization in Tiirkiye.

Method. Of the 1637 patients registered in the Cystic Fibrosis Registry of Tiirkiye in 2019, 284 patients under two
years of age were included in this retrospective cross-sectional study. Patients were classified into two groups:
those with P. aeruginosa colonization (Group 1) and those without (Group 2). Cystic fibrosis transmembrane
conductance regulator (CFTR) gene functions were categorized according to CFTR mutation functional class.

Results. Twenty-three patients (8.1%) were categorized as Group 1 and 262 participants (91.9%) were classified
as Group 2. Infants with P. aeruginosa colonization (Group 1) were more likely to have minimal CFTR function
compared with those without colonization (87% vs. 39.8%, p = 0.017). In addition, both Staphylococcus aureus
colonization (47.8% vs. 7.3%, p < 0.001) and methicillin-resistant S. aureus positivity (17.4% vs. 6.1%, p = 0.042)
were observed more commonly in Group 1. There were no statistical differences between the groups in terms of
age at diagnosis, gender, mean z-scores of weight and height, newborn screening test positivity, sweat chloride
test results, and pancreatic insufficiency (p > 0.05). Univariate logistic regression analysis did not identify
significant associated factors for P. aeruginosa colonization.

Conclusions. Our findings suggest that minimal CFTR function and S. aureus colonization are associated with
P. aeruginosa colonization in CF patients under two years of age. Further studies are needed to investigate
associated factors for early P. aeruginosa colonization, eradication treatment effectiveness, and longitudinal

outcomes of in CF patients under two years of age.

Key words: Cystic fibrosis, Pseudomonas aeruginosa, colonization, children, registry.

Cystic fibrosis (CF) is the most common
inherited disease in Caucasian populations
caused by mutations in the cystic fibrosis
transmembrane conductance regulator (CFTR)
gene, which encodes the ion channel-associated
CFTR protein.! CFTR dysfunction leads to the
colonization of an opportunistic Gram-negative
pathogen, Pseudomonas aeruginosa.> Chronic
infection with P. aeruginosa is one of the leading
causes of morbidity and mortality in CF
patients by contributing to progressive decline
in pulmonary function.? With new modulator
therapies, advances in supportive care, and
enhanced treatment of respiratory infections
and other complications, the predicted life
expectancy of CF patients has increased to
almost 50 years.’ Therefore, recognition and
effective treatment of initial P. aeruginosa
colonization is essential in maintaining lung
health and long-life expectancy in children with
CE*

Longitudinal studies in children with CF
assessed with bronchoscopy and oropharyngeal
cultures have demonstrated a high prevalence
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of P. aeruginosa in the first 2 years of life.”®
Moreover, although chronic P. aeruginosa
colonization is not commonly expected during
the first years of life, very early acquisition in
infancy represents a critical and vulnerable
period, as initial airway colonization during
this stage may have a disproportionate impact
on subsequent disease severity and long-
term outcomes, including mortality in young
children with CF.”*® However, the specific risk
factors and clinical implications of P. aeruginosa
colonization in infants remain inadequately
understood, particularly in populations with
genetic and environmental diversity. The
fact that the prevalence of P. aeruginosa is not
decreasing in our country, unlike in the United
Kingdom, the United States, and European
countries, makes the investigation of infant CF
patients with P. aeruginosa colonization more
important.'

Based on our hypothesis that very early P.
aeruginosa colonization during the first years of
life represents a distinct and sensitive clinical
entity, we specifically focused on infants under 2
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years of age. In this retrospective cross-sectional
study, we aimed to assess the clinical features
of CF patients with P. aeruginosa colonization
under 2 years of age, in order to evaluate the
associated factors for P. aeruginosa colonization.

Methods

Study design

We conducted a retrospective cross-sectional
study on children with CF aged under 2 years
of age who had available data on P. aeruginosa
colonization status in the Cystic Fibrosis
Registry of Tiirkiye (CFRT) for 2019. Patients
aged <2 years were divided into two groups:
those with P. aeruginosa colonization (Group
1) and those without P. aeruginosa colonisation
(Group 2). All analyses were compared with
these two groups.

Data input to the registry was approved by the
local ethics committee, and all patients and/
or their parents signed written consent for
the data entry. All procedures performed in
studies involving human participants were in
accordance with the ethical standards of the
institutional and/or national research committee
(Hacettepe University Ethics Board, date: 12
April 2007, reference number: HEK 07/16-21 and
date: 5 June 2018, reference number: GO 18/473-
31) and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical
standards.

Diagnosis of P. aeruginosa colonization in
cystic fibrosis

Cystic fibrosis diagnosis was established
according to the European Cystic Fibrosis
Society (ECFS) guideline.® Chronic P.
aeruginosa colonization was defined according
to “modified Leeds criteria” as applied in
the ECFSPR guideline: > 50% of the samples
(sputum/other) collected over a 12-month
period should be positive; at least 4 samples
collected.’™'® Samples were obtained at each
outpatient clinic visit or during hospital stays
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using cough swabs or oropharyngeal swabs, as
the study population was unable to expectorate
sputum, as reported in the literature.”'” Infants
are recommended to attend an outpatient clinic
visits within the first 3 months of life after the
diagnosis, then every 3-6 months until 2 years
of age.'”

Data variables

Age at the study period, age at diagnosis,
gender, weight, height, z-scores of weight and
height, history of meconium ileus, newborn
screening test results, sweat chloride test results,
medications, and results of CFTR genotype
analysis were noted. As recommended by
the CDC, Z-scores of weight and height
measurements were assessed by using the
World Health Organization growth charts for
children < 24 months of age.””® CF patients
with classic symptoms and signs of exocrine
pancreatic insufficiency who also have fecal
elastase values <200 ug/g are said to have
pancreatic insufficiency."”

CFTR functions were categorized according
to CFTR mutation functional class: minimal
function (presence of only class I, II, or III
mutations) and residual function (at least one
class IV or V mutation).?* Minimal function
mutations are severe and commonly associated
with advanced lung disease and pancreatic
insufficiency, ~whereas residual function
mutations are milder and linked to less severe
clinical phenotypes.

The presence of microorganisms in respiratory
cultures recorded during the 2019 registry
year, such as Staphylococcus aureus, methicillin-
resistant S. aureus (MRSA), and Haemophilus
influenzae, Stenotrophomonas maltophilia,
and Achromobacter species were noted. The
colonization status of P. aeruginosa, S. aureus, and
the Burkholderia cepacia complex were recorded.
The data regarding associated complications,
including pseudo-Bartter syndrome (PBS), CF-
related liver disease, gastroesophageal reflux,
sinusitis, pneumothorax, and hemoptysis, were
also documented.
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Statistical analysis

Statistical Package for the Social Sciences
(SPSS for Windows Version 20) was used for
statistical analyses. In the descriptive statistics
section, categorical variables are presented
with numbers, percentages, and continuous
variables with mean + standard deviation
or median and interquartile range (IQR, Q1I-
Q3). The distribution of normality in groups
was evaluated by Kolmogorov-Smirnov
and Shapiro-Wilk tests. A comparison of the
median values of two independent groups
was measured by the Mann-Whitney U test.
The percentage distribution of categorical data
between groups was measured using the x2 test.
Values of p < 0.05 were considered statistically
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significant. Because of the limited number of
outcome events, logistic regression analyses
were restricted to univariate models.

Results

A total of 1637 patients were registered in the
Cystic Fibrosis Registry of Tiirkiye in 2019.
Among these, 284 (17.3%) patients under 2
years of age were included in this retrospective
cross-sectional study.

In the study population (n=284), 23 participants
(8.1%) were assigned to group 1, while 262
participants (91.9%) were assigned to group 2.
The eligibility assessment of patients included
in the study is shown in Fig. 1.

CF patients registered in
the Cystic Fibrosis Registry
of Tiirkiye in 2019

(n=1637)

Excluded

h

v

n=159, aged >18 years
n=1199, aged 3-18 years

Infants with CF,
Study population

(n=284)

/\

Group 1

Infants with
P. aeruginosa colonisation

(n=23)

Group 2

Infants without
P, aeruginosa colonisation

(n=262)

Genotype analysis performed

)

n=0, not done
n=23 (100%), done
* n=6(26.1%), 1 variant identified
+ n=17 (73.9%), 2 variants identified

n=24 (9.2%), not done

n=238 (90.8%), done
* n=27 (11.3%), 0 variants identified
* n=47 (19.7%), 1 variant identified
* n=164 (68.9%), 2 variants identified

Fig. 1. Flow chart of study population.
CF: cystic fibrosis.
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Demographic and clinical characteristics

Demographic and clinical characteristics of the
study population according to P. aeruginosa
colonization status are shown in Table I. Since
newborn screening for CF was introduced
in Tirkiye on January 1st, 2015, all patients
had undergone newborn screening. Among
those screened, 17 patients (73.9%) in Group
1 and 201 patients (77.0%) in Group 2 had a
positive newborn screening result. There were
no statistical differences between the groups
in terms of age, age at diagnosis, gender,
mean z-scores of weight and height, newborn
screening test positivity, sweat chloride test
results, and pancreatic insufficiency (p > 0.05).

Pseudomonas aeruginosa Colonization in Cf Children Under 2 Years of Age

CFTR genotype analysis

Genotype analysis was performed on all patients
in Group 1 (Fig. 1). F508del homozygous and
heterozygous mutations were present in one
patient each. According to the CFTR functional
classification, 20 (87%) patients had minimal
CFTR function, and 1 (4.8%) had residual CFTR
function.

In Group 2, at least one variant was detected
in 201 of the 238 patients who were genotyped
(Fig. 1). Nineteen patients (7.3%) were
homozygous for the F508del mutation, and
38 (14.5%) were heterozygous for F508del.
According to the CFTR functional classification,
84 patients (39.8%) had minimal CFTR function,

Table I. Comparison of demographic and clinical features of patients with cystic fibrosis under 2 years of age

according to P. aeruginosa colonization

Group 1

Patients with early

Group 2

Patients without early

Variables P. aeruginosa P. aeruginosa p-value
colonization colonization
(n=23) (n=262)
Age at diagnosis, months, median (IQR) 2 (1-4) 2 (1-4) 0.659°
Age*, months, median (IQR) 21 (11-24) 15 (9-24) 0.468°
Gender, male, n (%) 12 (52.2) 132 (50.4) 0.869
Weight, kg, mean + SD 10.1+3.1 99+3.0 0.7430
Height, cm, mean + SD 81.3+10.0 78.3 £10.5 0.178°
z-score for weight for age, mean + SD -1.43+2.2 -1.2+1.5 0.352°
z-score for height, mean + SD -0.7+14 -1.2+1.6 0.860°
Diagnosis by newborn screening, n (%) 17 (73.9) 201 (77) 0.144
History of meconium ileus, n (%) 0 (0.0) 15 (5.7) 0.238
Sweat chloride test, mmol/L, mean + SD 715+ 355 69.7 +229 0.717°
Pancreatic insufficiency, n (%) 4(17.3) 24 (9.1) 0.528
CFTR genotype analysis, done, n (%) 23 (100) 238 (90.8) 0.122
Homozygous F508del genotype, n (%) 1(4.3) 18 (6.9) 0.641
Heterozygous F508del genotype, n (%) 1(4.3) 38 (14.5) 0.178
CFTR classification, n (%) n=23 n=211
Minimal function 20 (87) 84 (39.8) 0.017
Residual function 1(4.3) 35 (16.6)
Unclassified 2 (8.7) 92 (43.6)

*Age at the time of data entry for the 2019 registry year.
*Group comparisons were done using Mann-Whitney U test.
*Group comparisons were done using Student’s t test

CFTR: cystic fibrosis transmembrane conductance regulator, IQR: interquartile range, SD: standard deviation.
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and 35 (16.6%) had residual CFTR function.
There was no statistical difference between the
two groups regarding F508del homozygous
and heterozygous mutations (p > 0.05). Patients
in group 1 had a higher prevalence of minimal
CFTR function than those in group 2 (p = 0.017).

Microbiological features

The prevalence of S. aureus (58.3% vs. 23.9%, p
= 0.007) and MRSA (17.4% vs. 6.1%, p = 0.042)

Turk ] Pediatr 2026; 68(3): 439-449

on recent respiratory culture and S. aureus
colonization (47.8% vs 7.3%, p < 0.001) were
significantly higher in Group 1, compared with
Group 2 (Table II).

Both P. aeruginosa and S. aureus colonization
were present in five patients. In three cases,
S. aureus colonization preceded P. aeruginosa
colonization.

Table II. Treatments, microbiological results, and accompanying complications of the study cohort of cystic

fibrosis patients under 2 years of age

Group 1

Patients with early

Group 2

Patients without early

P. aeruginosa colonization P. aeruginosa colonization p-value
(n=23), n (%)* (n=262), n (%)*
Treatment
DNase 23 (100) 217 (82.8) 0.030
Vitamin 21 (91.3) 196 (74.8) 0.073
Pancreatic enzymes 18 (78.3) 210 (80.2) 0.782
Inhaled hypertonic saline 3(13) 10 (3.8) 0.042
Inhaled antibiotics 6 (26.1) 5(1.9) <0.001
Oxygen therapy 2(8.7) 2(0.8) 0.034
Annual IV antibiotics days due to PEX, 15.1 (0-59) 4.5 (0-70) <0.001°
median (IQR)*
Microbiological findings**
Haemophilus influenzae 1(4.3) 26 (9.9) 0.708
Staphylococcus aureus 7 (58.3) 58 (23.9) 0.007
MRSA 4(17.4) 16 (6.1) 0.042
Stenotrophomonas maltophilia 1(4.3) 5(1.9) 0.399
Achromobacter 2 (0.7) 0.674
Chronic colonization
Staphylococcus aureus 11 (47.8) 19 (7.3) <0.001
Burkholderia cepacia 1(4.3) 0 0.081
Complications
Pseudo-Bartter syndrome 5(21.7) 35 (13.4) 0.267
CF-related liver disease 2(0.7) 21 (7.4) 0.442
Gastroesophageal reflux 1(4.3) 16 (6.1) 0.901
Sinusitis 1(4.3) 4 (1.5) 0.589

*Data given as number (percentage), except for annual IV antibiotic days due to PEx, presented as median (interquartile

range).

**Presence of microorganisms in respiratory cultures during the 2019 registry year

*Group comparisons were done using Mann-Whitney U test.

CF: cystic fibrosis, IV: intravenous, MRSA: methicillin-resistant Staphylococcus aureus, PEx: pulmonary exacerbations
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CF-related medical treatments and CF-related
complications

Patients in Group 1 had statistically longer
duration of antibiotic therapy for pulmonary
exacerbations (15.1 vs. 4.5, p < 0.001), more
oxygen therapy support (8.7% vs. 0.8%, p =
0.034), higher prevalence of DNase (100%
vs. 82.7%, p = 0.003), inhaled hypertonic
saline (13% vs. 3.8%, p = 0.042), and inhaled
antibiotic treatments (26.1% vs. 1.9%, p < 0.001)
than patients in Group 2. A comparison of
the treatments, microbiological results, and
accompanying complications of the groups is
given in Table II.

There were no significant differences between
the groups in terms of accompanying
complications, including PBS, CF-related
liver disease (elevated transaminases without
cirrhosis),  gastroesophageal reflux, and
sinusitis (p > 0.05). No other complications were
recorded in any patients (Table II). None of
the patients in the study cohort were receiving
CFTR modulator therapy during the study

period.

In the univariate logistic regression analyses,
no relationship was found between gender, age
at diagnosis, newborn screening test positivity,
sweat chloride test results, and pancreatic
insufficiency on the probability of P. aeruginosa
colonization.

Discussion

We described the characteristics of infants under
2 years of age with P. aeruginosa colonization in
our country. The prevalence of P. aeruginosa
colonization was found to be 8.1% under 2
years of age. S. aureus infection and colonization
were significantly higher in patients with P.
aeruginosa colonization. We demonstrated P.
aeruginosa colonization was more frequent in
infants with minimal CFTR function compared
to those with residual CFTR function.

The Turkish Journal of Pediatrics * May-June 2026
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Age-specific data on P. aeruginosa colonization
in early childhood are limited and inconsistently
reported in annual registry summaries.'*!>*2
For example, the prevalence of P. aeruginosa
colonization has been reported as 2.1% in
children under 3 years of age in the United
Kingdom CF Registry and 6% in children under
4 years of age in the French CF Registry.”*” In
contrast, the overall prevalence of P. aeruginosa
colonization across all pediatric age groups has
been reported as approximately 3.3% in the UK
and 20% in France. In this context, our study
provides age-specific data for infants under 2
years of age and demonstrates a prevalence of
chronic P. aeruginosa colonization of 8.1% in this
early and vulnerable period, compared with an
overall colonization rate of 20% reported in the
national registry.*

The age at initial P. aeruginosa acquisition is
likely influenced by a complex interaction of
bacterial, host-related (especially genetics),
and environmental factors.**3 Pulmonary
microbial diversity —defined as the richness and
relative abundance of different microorganisms
within the airway —is highest in early childhood
and has been shown to influence disease
progression and susceptibility to early P.
aeruginosa colonization in patients with CF.?%?!
Moreover, studies have shown that increased
airway inflammation, even in the absence
of overt infection, may lead to early tissue
damage and create a permissive environment
for subsequent P. aeruginosa acquisition even in
early infancy.** These mechanisms may partly
explain why early-life colonization occurs
in a particularly vulnerable period of lung
development.

In infants who do not expectorate sputum,
respiratory surveillance commonly relies on
oropharyngeal or cough swabs to identify
P. aeruginosa.’>* Although concerns remain
about their diagnostic accuracy, a randomized
controlled study demonstrated comparable
clinical outcomes between bronchoalveolar
lavage—guided and oropharyngeal culture—
guided treatment strategies in young
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children with CF.** Manos et al. showed that
persistent P. aeruginosa strains in infants varied
independently from isolation sites, such as
upper or lower airways, and prior exposure of
the airway to P. aeruginosa.® Taken together,
these findings suggest that although the
specific methods used for respiratory sample
collection were not available in our study, the
interpretation of our results remains reliable
and consistent with existing evidence.

Patient characteristics such as lower socio-
economic status, female gender, CFTR
genotype, and microbial diversity in the lungs
have been associated or identified as risk
factors for the initial acquisition of P. aeruginosa.
+1017303637 Rosenfeld et al. evaluated risk factors
for initial P. aeruginosa acquisition in order to
inform prevention strategies and identify high-
risk populations.® They concluded that none of
the modifiable risk factors evaluated, including
cigarette smoke, hot tub use, breastfeeding, and
newborn screening positivity, was associated
with age at P. aeruginosa acquisition. Rosenfeld
and other studies have demonstrated that
minimal CFTR function is associated with
earlier P. aeruginosa acquisition compared to
those with residual CFTR function.?** Most of
these studies have been conducted in the US,
where the frequency of the F508del mutation
is over 80%. However, due to the mutation
diversity in our country, the frequency of the
F508del mutation, the most common variant,
is only 25%.** In the only study conducted in
our country on CFTR function classification, no
association was found between minimal and
residual CFTR function classification and FEV1
decline.®® However, we found the frequency of
P. aeruginosa colonization was higher in those
with minimal CFTR function compared to those
with residual CFTR function under the age of 2
years. This causality analysis is beyond the scope
of our study; however, the potential correlation
between CFTR function classification in CF
patients and disease severity at follow-up,
including the risk of P. aeruginosa colonization,
represents a significant research question for
future investigations in our country.

446

Turk ] Pediatr 2026; 68(3): 439-449

The prevalence of S. aureus and MRSA isolation
on recent respiratory culture positivity and S.
aureus colonization were significantly higher in
patients with P. aeruginosa colonization under
2 years of age. The relationship between P.
aeruginosa and S. aureus in patients with CF is
controversial in the literature. While Maselli
et al. showed that S. aureus is a risk factor for
initial P. aeruginosa acquisition, another study
demonstrated S. aureus infection is significantly
lower in the chronic P. aeruginosa group.'®” In
our study, although higher rates of S. aureus
and MRSA were observed in infants with P.
aeruginosa colonization, the limited sample size
precluded robust statistical inference regarding
the nature of this association. Therefore,
larger studies are required to better clarify the
relationship between S. aureus and early P.
aeruginosa colonization.

CF registries are a valuable resource for
research because they provide access to large
populations; however, they also have inherent
limitations due to the restricted scope of
available data. By focusing on a single time
point, we were unable to evaluate the long-
term progression of P. aeruginosa colonization
and its impact on pulmonary function over
time. An important limitation of the present
study is the lack of detailed data on eradication
therapies and treatment outcomes, which
precluded evaluation of the effectiveness of
different therapeutic approaches in preventing
chronic P. aeruginosa colonization. Similarly,
environmental factors such as air quality and
climate were not assessed, which may play a
role in colonization variability across regions
and centers. Future studies incorporating
genetic analysis, environmental factors, and
documenting treatment regimens could yield
more comprehensive risk assessments. Another
limitation is that our study preceded the
widespread availability of CFTR modulators
in Tiirkiye. The absence of patients receiving
these therapies in our cohort may limit the
generalizability of our findings to current
cystic fibrosis management, as these treatments
may potentially alter airway microbiology.
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The relatively small number of infants with
P. aeruginosa colonization reduced statistical
power and limited the ability to perform
reliable multivariable analyses, increasing
the risk of type II error. Therefore, logistic
regression was restricted to a small number
of clinically relevant, non-treatment variables,
and the absence of significant independent
predictors should be interpreted with caution.
Although the use of standardized Leeds criteria
for colonization diagnosis enhances the study’s
studies

are essential to evaluate the persistence of

reliability, longitudinal follow-up
colonization, the effectiveness of interventions,
and to clarify causal relationships and risk

factors.

In conclusion, this study highlights the clinical
characteristics and associated factors associated
with P. aeruginosa colonization in infants
with CF in Tiirkiye. The higher prevalence
of colonization compared to other countries
underscores the need for targeted preventive
strategies. Our findings suggest that minimal
CFTR function may contribute to an increased
risk of colonization, and the association with
S. aureus colonization further emphasizes the
complexity of early respiratory infections in
CF patients. However, the lack of data on
eradication therapies and treatment outcomes
to assess intervention

limits our ability

effectiveness. Future longitudinal studies

incorporating genetic, environmental, and
microbiome analyses are essential to better
understand the dynamics of P. aeruginosa
acquisition and to improve early intervention

strategies in CF infants.
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