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Abstract: Non-cystic fibrosis bronchiectasis is an emergent disease characterized by endobronchial
suppuration, dilated airways with neutrophilic inflammation and chronic wet cough due to recurrent
lower airway infections. A regular clinical follow-up and adequate management of exacerbations
are essential to reduce symptoms and the worsening of lung injury. We report a retrospective study
comprising 15 children and adolescents with NCFB followed in our hospital center of pediatric
pulmonology. We retrospectively analyzed the main comorbidities associated with the presence of
NCFB, the radiological aspect associated with the different etiologies and the therapeutic approach
used. We also emphasized the importance of an effective preventive strategy to reduce and prevent
pulmonary exacerbations.

Keywords: non-cystic fibrosis bronchiectasis; lung exacerbations; airway clearance techniques;
recurrent lower airway infections; protracted bacterial bronchitis

1. Introduction

Bronchiectasis is the result of a chronic pulmonary disease characterized by an ab-
normal, progressive, and often irreversible process of bronchial dilation. These structural
changes of the bronchial wall are mainly due to recurrent infectious that lead to chronic
airway inflammation. Cystic fibrosis (CF) is the most common cause of bronchiectasis in
children while non-cystic fibrosis bronchiectasis (NCFB) is associated with a widespread
variety of conditions [1]. The real incidence of NCFB is probably underestimated world-
wide, recent data suggests a prevalence ranges from 0.2 to 735 cases per 100,000 children
with increased prevalence among lowest socioeconomic classes in developing countries [2].
This connection seems to be directly related to the poor living conditions that predispose
to more frequent infectious episodes. In industrialized countries the diagnosis of NCFB is
progressively more frequent probably due to the advances in the diagnostic technique [3].
There are several conditions that can cause NCFB and the underlying causes in children are
still not completely clear. The most common risk factor of pediatric bronchiectasis is a his-
tory of recurrent lower airway infections. Others causes include a dysregulation of immune
function (primary or acquired), gastroesophageal reflux (GER) with chronic aspiration,
primary ciliary dyskinesia (PCD), foreign body aspiration and congenital anomalies [4–8].

The clinical presentation of NCFB can be variable. The most common symptom
during first evaluation is a chronic wet cough. Other symptoms include dyspnea, recurrent
wheezing, persistent purulent expectoration, hemoptysis, growth failure and chest wall
deformities [9]. The definitive diagnosis of bronchiectasis requires the chest high-resolution
computerized tomography (HRCT) while chest radiography has a limited diagnostic
value [10]. In 2021, a specific Task Force of the European Respiratory Society developed
guidelines for the management of pediatric bronchiectasis providing practical evidence-
based management strategies [11]. A correct diagnostic path is the first step to identify the
potentially treatable causes, including specific immune deficiency treatment, appropriate
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therapy for gastro- esophageal reflux or surgery for congenital malformations. Overall
airway clearance techniques (ACTs) and antibiotics are considered the milestones of NCFB
treatment [12,13]. There is an increased interest about the use of macrolides that seems to
allow a significant reduction in frequency of exacerbation [14,15].

We report a case series comprising 15 children and adolescents with NCFB, emphasiz-
ing the etiology, clinical characteristics and therapeutic approach used in these patients.

2. Materials and Methods

We retrospectively collected 15 patients with a diagnosis of NCFB referring to our
pediatric center of Scientific Institute for Research and Healthcare Sant’Orsola University
Hospital in Bologna (Italy), from March 2009 to December 2020. The main inclusion
criteria for selection were diagnosis of NCFB confirmed by chest HRCT, the age of less
than 18 years at the time of diagnosis, availability of demographic and clinical data for
each patient. Exclusion criteria included: age over 18 years at diagnosis, the concomitant
diagnosis of Cystic Fibrosis based on a genetic analysis, diagnosis of neuromuscular disease
with chronic aspiration. Informed consent was obtained from the patients’ parents. We
analyzed demographic characteristics of the studied population, including age, gender,
birth weight, gestational age, and birthplace. From the medical records we reviewed:
associated comorbidities, laboratory findings, pulmonary function test, clinical features
and medical treatments. Among associated conditions, atopy was defined either as a
sensitization to one or more allergens measured by SPT or the presence of serum allergen
specific IgE antibodies. The collected data refer to the time of the first clinical evaluation
when the diagnostic path started, while the spirometric data were collected after the
diagnosis during the clinical follow up, according to the age of the patient. All subjects
underwent chest HRCT and bronchiectasis grading was scored using a modified Bhalla
score [16–18] and according to Webb et al., therefore a bronchiectasis was confirmed for
a broncho-arterial ratio > 0,8. Follow-up for NCFB in our clinic includes one visit every
3–6 months in the absence of exacerbations. A respiratory exacerbation was defined as
a worsening of wet cough and increased sputum purulence and quantity for at least
3 days [11].

The spirometry data were analyzed according with the American Thoracic Soci-
ety/European Respiratory Society criteria [19]. Patients who experienced an episode
of wheezing or dyspnea (shortness of breath) and with spirometric indices suggestive of
an airway obstruction, underwent a bronchodilator response test (BRT) with Salbutamol.
According to GINA guidelines, the test was considered positive if the variation in the forced
expiratory volume in one second (FEV1) after bronchodilator administration is ≥12% [20].
The diagnostic path in our center also includes the exclusion of immunodeficiencies ini-
tially through the evaluation of the serum concentration of immunoglobulins, lymphocyte
typing and response to vaccinations. Assessment of ciliary ultrastructure was performed
by transmission electron microscopy (TEM). All collaborating children (14/15) performed
a sputum culture at the first evaluation and during exacerbations. The t-test was used
to compare the number of exacerbations before and after the start of antibiotic therapy
with Azithromycin. Data on exacerbation rates and lung localization was compared by chi
square test. This last was also used to compare different pathogens detected in sputum
culture and different lung lesion sites.

3. Results

Our population includes 15 patients (9 boys, 6 girls). Only one patient was born
preterm. Birth weight for all newborns was over 2000 g. Most of patients (13/15) were born
in Italy. The patients’ median age at the diagnosis was 8 years (range: 1–19 years).

The most common cause of NCFB in our cohort was previous infection (53,3% of cases,
8 children), followed by primary immunodeficiency (13.3%, 2 patients), GER (6.6%) PCD
(6.6%), heart disease (6.6%) (Table 1).
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Table 1. Associated conditions. Some patients have more than one associated condition.

Associated Conditions Number of Patients

Previous lower airways infections 8

Primary ciliary dyskinesia 1

Immune deficiency 2

Gastroesophageal reflux disease 2

Right-sided aortic arch 1

Syndromic unknown disease 1

Lung neuroblastoma 1

Asthma/atopy 6

Protracted Bacterial Bronchitis 1

Respiratory distress or intubation during perinatal period 2

The main detected conditions associated with NCFB were atopy in 6 children, esophageal
atresia (III type) in 1 case of post-infectious NCFB, lung neuroblastoma in 1 patient with post-
infectious NCFB, right-sided aortic arch with compression by the anonymous trunk in 1 girl,
ventricular septal defect in another baby with a suspect syndromic disease (Table 1).

The time from the onset of respiratory symptoms and the diagnosis of bronchiectasis
widely varied with average time of 50 months. The most frequent symptom referred to the
medical history was wet cough (Table 2).

Table 2. Clinical patient’s characteristics.

Symptoms Number of Patients

Recurrent wheezing in first year of life 5

Recurrent wheezing 11

Wet Cough 15

Dyspnea 1

Persistent purulent expectoration 4

Recurrent infections of lower respiratory tract 15

Sinusitis 2

Laryngotracheitis 1

Hemoptysis 0

Two of the 15 patients had previously been surgically operated on thoracic area. One
at the age of 15 months for a left thoracic neuroblastoma, the other due to a tracheal
compression by the anonymous trunk underwent aortopexy of ascending and descending
aortic limb. The median duration of follow up was 7,13 years (range 3–18).

Pulmonary function tests were performed in all patients from the age of 5 and subse-
quently repeated every 3–6 months. Spirometry revealed in 4 cases a mixed disventilatory
syndrome, 1 patient had a restrictive pattern and 1 other an obstructive one. The others
had normal flow-volume curve. Bronchial hyperresponsiveness, documented by a BRT,
was found in 6 cases (3 cases of post infectious NCFB, the girl with PCD and 2 patients
with immunodeficiency).

Only in one case bronchial hyperresponsiveness was documented during an acute
inflammatory event.

A nasal brushing with ultrastructural analysis of cilia was performed in 14/15 patients
while the patient with CVID did not perform this diagnostic test.
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A diagnosis of PCD was obtained in one case. Secondary ciliary alterations were
detected in 12 patients. Microbial exams on sputum samples showed a prevalence of non-
typeable Haemophilus Influenzae colonization (5 children, 33%), followed by Pseudomonas
A. in one case and S. Aureus in another. Only 2 patients performed a bronchoscopy. In both
children, bronchoalveolar lavage (BAL) culture was positive for Haemophilus Influenzae
(at a concentration higher than 106) and in one boy Pseudomonas A. was detected.

The BAL analysis of patient with GER presented cylindrical cells of the bronchial
epithelium, granulocytes, lymphocytes, numerous histiocytes, some of which positive for
RED-OIL staining, compatible with a cytological picture of reactive inflammation. The
boy repeated bronchoscopy two years later, and the finding of numerous macrophage
elements positive for RED-OIL staining was confirmed. He also underwent an esophageal
Impedance-pH monitoring that showed a reflux index of 54%.

One boy showed in the genetic sequencing for cystic fibrosis the pathogenetic variant
c.350 > A in heterozygosis.

Regarding the radiological findings detected by HRCT, the distribution of the bronchiec-
tasis was unilateral in 8 cases, bilateral in 7 (46% of cases).

Cylindric bronchiectasis were detected in nine subjects (60%), the girl with the diag-
nosis of PCD had varicose bronchiectasis, 1 patient had cystic pattern while the others
showed heterogenous aspects (bronchial dilatation with bronchial wall thickening and lack
of normal bronchial tapering). The lower left lobe was most frequently affected (7 patients).
CT findings are shown in Table 3.

Table 3. Radiologic findings. PI: Post infectious; NB: Neuroblastomas; EA: Esophageal atresia; CP:
cardiopathy, ID: Immune-deficiency.

Radiologic Findings N patients Associated Conditions
(Number Subjects) Localization

Cystic 1 GER lower left lobe

Cylindric 9

PI (5)
CVID/EVANS (1)

NB (1)
EA (1)
CP (1)

2 medium lobe, 2 lower left lobe, 1 right lower
lobe

bilateral
Lower and apical left lobe

lower left lobe
medium lobe

Varicose 1 PCD (1) medium lobe, lower right lobe, lower left lobe

Non-specific morphology 4 ID (1)
PI (3)

medium lobe
1 lower left lobe,

1 bilateral upper lobe
1 medium lobe and lower left lobe

In 8 subjects, chest X-ray performed before diagnosis showed non-specific findings
such as parenchymal thickening. Regarding the management and prevention of exacer-
bations, 13/15 of our patients regularly used a positive expiratory pressure (PEP) mask
2–3 times per day.

After the diagnosis, all children started an antimicrobial prophylaxis with Azithromycin,
3 days per week during cold months in patients with recurrent exacerbations (5 subjects) or
3 days on alternate weeks for patients with few exacerbations (<3 per year).

In 5 children, antibiotic therapy was continued for a period > 24 months, in considera-
tion of the clinical history of frequent exacerbations. The mean duration of Azithromycin
antibiotic therapy was 26.7 months. The median number of exacerbations at time of diag-
nosis was 3.4 for year. A significant reduction of the number of exacerbations was observed
after starting Azithromycin treatment (mean of 0.7 exacerbations for year, p < 0.000001).
One boy regularly used anti-reflux therapy with omeprazole 20 mg twice a day.
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Moreover, 13/15 patients received a prophylactic inhaled corticosteroids (ICS) treat-
ment, in five cases in association with a long-acting beta-agonists (LABA).

The choice to use ICS therapy was linked to the frequent finding of wheezing during
exacerbations. Using the Pearson’s Chi-Square test no correlation was found between
sputum/BAL culture positive for pathogenic organisms and lesions localization (p = 0.14).
Bilateral involvement of lung (46%) was observed in seven subjects while eight children
had NCFB in lower left lobe. No significant lobar predominance was seen in any of
the etiology-groups (p < 0.2). We did not observe a statistically significant correlation
between the localization of bronchiectasis and the underlying pathology as well as between
bilateral/unilateral localization and frequency of exacerbations (p < 0.14). The girl with
PCD had varicose bronchiectasis involving both lung fields.

This 12-year-old girl was born in Pakistan from consanguineous parents, and she
moved to Italy when she was 3. Parents reported healthy conditions up to the age of
10 except for several recurrent episodes of wet cough often treated with antibiotic therapy
with transient benefit.

The girl came to our attention at the age of 11. She showed a normal immunologic
screening, while the HRCT revealed numerous bronchiectasis with prevalent diffusion on
the right lung. Therefore, she underwent a nasal brushing that identified an ultrastructural
pathological change compatible with a PCD (116 cilia of which 95 pathological).

Detected cilia changes were absence of the central pair (64 cilia), absence of a micro-
tubule of the central pair (5 cilia), absence of a pair of peripheral microtubules (6 cilia),
assonema disorganization (9 cilia), presence of supernumerary microtubules (3 cilia),
swollen cilia (8 cilia). After the diagnosis, the girl started prophylaxis with 3-day weekly
Azithromycin and a daily PEP mask treatment with significant improvement of the wet
cough. No exacerbation was reported 3 months after the start of therapy.

No patients underwent surgical treatment (such as segmentectomy or lobectomy) for
their NCFB.

4. Discussion

In our cohort the most common detected cause of bronchiectasis was a history of
lower airway infections as 9 children had a diagnosis of “post infectious” bronchiectasis.
A previous PBB was present only in 1 child. Sputum culture showed the presence of
Hemophilus Influenzae (106). We hypothesized a diagnosis of Protracted Bacterial Bron-
chitis (PBB), we decided to undertake antibiotic therapy which was continued for 4 weeks
with clinical improvement and subsequent sputum culture negativity. Nevertheless, due to
the reappearance of wet cough one month after stopping therapy, we decided to perform a
chest CT which showed the presence of small bronchiectasis in the lower right parahilar
side and in the lower left lobe. As it is known PBB can cause a persistent endobronchial
neutrophilic inflammation, known risk factors for the onset of NCFB, so that the PBB and
NCFB may represent different stages of a single disorder [21,22].

A failure to improve a wet cough after a 4-weeks antibiotic therapy requires more
investigations (such as CT scan, bronchoscopy, immunity tests) to rule out the presence of
another underlying disease [23]. In our case, the early diagnosis of NCFB allowed a mild
and well-controlled course of the disease since the bronchiectasis detected by HRCT were
at a very early radiological stage.

Subsequently the boy started a daily treatment with PEP mask and cycle of 3 days
a week of Azithromycin (for 6 months) with improvement of symptoms and no further
coughing episodes reported. A clinical follow-up every 2 months was set up to monitor
general conditions. Except for the presence of Haemophilus I. in sputum culture, no other
relevant risk factors for NCFB emerged. Wurzel et al. in their prospective longitudinal
cohort study involving 161 children with PBB identified two significant risk factors for
bronchiectasis: recurrent PBB (>3 episodes/years) and the detection of H. influenzae
infection in the lower airways [22]. Authors also showed that approximately one of
12 children with PBB had diagnosis with bronchiectasis at 2-years follow-up, with many
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experiencing recurrent episodes of PBB. This study provides further evidence to support a
link between PBB and bronchiectasis and could suggest the need to monitor children with
PBB over time and to consider chest CT imaging in those with risk factors for bronchiectasis.
About the case of PCD, noteworthy is that the genetic analysis performed by next generation
sequencing (NGS), was not decisive for the diagnosis. There is still a partial understanding
of all genetic mutations involved in the PCD that certainly limits the sensitivity of genetic
testing, therefore it’s not often sufficient on its own for the final diagnosis [24]. It is
estimated that genetic examination fails to identify approximately 30% of diagnosis of PCD,
also because many individuals may have variants of uncertain significance or mono-allelic
heterozygous variants that need confirmation by functional and structural tests [25]. The
main ultrastructural finding detected in our case was the presence of defects of central
microtubule pair (CP) in 64 cilia.

At present, only two genes, HYDIN (HYDIN axonemal central pair apparatus protein)
and STK36 (serine/threonine-protein kinase 36), have been described to cause CP defects in
PCD [25]. The central pair (CP) complex projections are often small and hard to detect due
to the resolution limits of diagnostic electron microscopes [26]. Moreover, some evidence
showed that obtaining a diagnosis of PCD in subjects with central pair (CP) defects is even
more difficult, since mutations involving etiology of these defects (such as mutations of
HYDIN) are difficult to identify. Indeed, the genetic analysis of HYDIN variants may be
confounded by the pseudogene HYDIN2, which have a structure almost identical [27]. In
our case the diagnosis of PCD was obtained considering the suggestive clinical history
and the other structural cilia alterations too. Furthermore, this girl didn’t have a history
of neonatal distress or recurrent otitis/sinusitis, and chronic wet cough was the only
symptoms reported by parents. This example demonstrates how the clinical presentation
of PCD can be very heterogeneous and variable. Between our cohort of patients, one
presented bronchiectasis likely associated with gastroesophageal reflux documented by
esophageal impedance-Ph monitoring. In literature there is still no reliable evidence of the
association between gastroesophageal reflux and bronchiectasis [28].

Nevertheless, gastro-esophageal reflux disease (GERD) is a frequent comorbidity in
bronchiectasis, and it may be correlated with poorer outcomes. The prevalence of GERD
in bronchiectasis ranges from 26% to 75% [28]. Several factors have been implicated to ex-
plain this correlation including evidence of pulmonary micro-aspiration of gastric contents.
Moreover, subjects with bronchiectasis and GERD often exhibit increased mortality and
bronchiectasis severity, with more recurrent exacerbations, hospitalizations, reduced pul-
monary function and poorer quality of life. For these reasons, detecting GERD in patients
with NCFB may have a potentially relevant role in the therapeutic approach, although to
date other clinical evidence are needed [15,28]. In our case, the association of antireflux
therapy with antibiotic prophylaxis with Azithromycin, allowed for adequate control of
pulmonary exacerbations. Among our patients five children also had a history of recurrent
wheezing during first years of life, many patients (73%) experienced wheezing during
exacerbations and 6 had a diagnosis of asthma. Several studies have shown that, in daily
medical practice, ICS with or without LABA, are commonly prescribed in patients with
NCFB even without a diagnosis of coexisting asthma [29].

Children with bronchiectasis often develop wheeze or asthmatic symptoms, with
rates ranging from 11 to 46% although it is not always clear if this finding derives from a
concomitant asthma, or it is the result of a bronchial hyperreactivity linked to bronchiectasis
(30). In our patients, the choice to use ICS was probably guided by the observation, not
always quantifiable, of an advantage in symptom control, although an accurate assessment
of clinical characteristics of children who could benefit from ICS should be performed
before starting this treatment [30]. Children with bronchiectasis have recurrent acute lung
exacerbations and often they require hospital admission when oral therapies fail. Moreover,
a clinical history of recurrent exacerbations may lead to progressive deterioration of lung
function, so it is one of the strongest predictors of poor quality of life among children with
bronchiectasis [31,32].
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The antibiotic therapy is a key intervention in the management of NCFB. Antimicrobial
interventions can be used in two different ways: in the treatment of an acute exacerbation
or as prophylaxis to reduce the frequency of acute events. In general, the use and choice
of antimicrobials should target the specific pathogens and the treatment duration should
be decided in relation with the frequency of exacerbations, disease severity and response
to previous therapy. Ideally, a sputum sample culture or nasopharyngeal aspirates (in
children unable to expectorate) should be obtained prior to initiating antibiotics [32].

The British Thoracic Society bronchiectasis guidelines suggest that all children and
adults with bronchiectasis should have an assessment of lower respiratory tract microbiol-
ogy [33]. In our series it was possible to perform a sputum culture in only 7 children due to
the inability of many children to expectorate. All our patients received an antimicrobial
prophylaxis with Azithromycin. The use of antimicrobial prophylaxis may be suitable in
situations where frequent exacerbations are expected to occur [34], for this reason we de-
cided to extend the antibiotic prophylaxis in those children with more than 3 exacerbations
per year (6 children).

The use of macrolides for the treatment of NCFB has become a common approach
in recent years, thanks to several characteristics: their anti-inflammatory effects, their
ability of decrease mucus production and the well-known effect on Gram-positive cocci and
atypical pathogens. Recent evidence suggested that long-term treatment with macrolides,
in particular Azithromycin, significantly reduced the incidence of non-CF bronchiectasis
exacerbations improving quality of life, even though many studies concern the adult
population [12,35]. Among pediatric patients only one long-term, randomized double-
blind placebo-controlled trial was conducted and showed that once-weekly Azithromycin
for up to 24 months decreased pulmonary exacerbations among Indigenous children with
non-cystic-fibrosis bronchiectasis [36].

Kobbernagel et colleagues in a recent double-blind, randomized, placebo-controlled
phase 3 trial including patients with diagnosis of PCD, showed that participants receiving
Azithromycin had significantly lower rate of exacerbations during the therapy periods [37].
Among our cases too, after starting Azithromycin prophylaxis there was a significant
reduction in the number of lung exacerbations (3.4 per year versus 0.7; p < 0.000001)

Nevertheless, despite several encouraging evidence, the prolonged use of antibiotic
prophylaxis can cause an increased risk of the emergence of resistance to antibiotics that
should not be underestimated [12,38]. For these reasons, an accurate profile of children who
could benefit from this therapy needs to be established and further studies are required
to do so. In his recent paper A. Bush too focused on risk of antibacterial resistance “if
macrolides are used widely and uncritically in the community” stating that Azithromycin
is not the answer to anything in pediatric respiratory medicine [39].

Finally, most of our patients (13/15) habitually used a PEP mask 2–3 times per day with
increased frequency of sessions during exacerbations. Among our patients we were unable
to quantify the effectiveness of ACTs on the number of exacerbations, as the time of use was
very variable among different subjects. Nevertheless, use of Airway clearance techniques
(ACTs) is one of the milestones for NCFB management and are recommended in children
with NCFB (11). Most of studies about ACTs, including many active cycles of breathing
technique, chest physiotherapy, devices that create a positive pressure (PEP mask or high-
pressure PEP therapy) or high-frequency chest wall oscillation, mainly investigate patients
with cystic fibrosis [40,41]. Currently there is no consensus regarding the superiority of one
ACTs technique over another.

In some studies, the application of positive expiratory devices and high-frequency
chest wall oscillation showed an improvement of FEV1, while a recent comparison between
the effects of short and medium-term use of PEP therapy to other forms of ACTs showed
no greater advantage in sputum expectoration and no difference in lung function tests [41].
Nevertheless, these studies were conducted in patients in a stable clinical state, therefore it’s
still uncertain the effects of ACTs during an acute episode and further studies are needed,
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especially in children. In the pediatric population an appropriate training of the patient
and the family on the use of different ACTs is mandatory.

Positive expiratory pressure physiotherapy through a face mask is a simple and
effective tool that can also be used by small children [42]. We have inserted a flow-chart in
order to propose a management of an NCFB case (Figure 1).
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In our cases it has proved very useful to prevent bronchial mucous encumbrance.
Moreover, both patients and families maintained good adherence to therapy despite it
having been performed for a long time.

5. Conclusions

Despite the small number of subjects, we observed that a close follow up, an adequate
care and an early treatment (comprising antibiotic prophylaxis with weekly Azithromycin
and daily ACTs) can reduce the exacerbation rates and the recurrence of wet cough, which
is certainly a disabling symptom for both families and children.

Certainly, a limitation of this study is that it is purely observational. Moreover, due to
the small number of patients, some of emerged data did not reach a statistical significance.
A greater evidence base is required in the future to improve clinical outcomes and prognosis
of children with bronchiectasis.

Author Contributions: Conceptualization, M.G. and E.C.; methodology, M.G.; software, E.C.; valida-
tion, E.D.P., A.M. and A.P.; formal analysis, A.M.; investigation, E.C.; resources, M.G.; data curation,
E.C.; writing—original draft preparation, M.G.; writing—review and editing, A.P.; visualization,
E.D.P.; supervision, A.M.; project administration, A.P.; All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Written informed consent was obtained from the patient
for publication of this case series. Ethical review and approval were waived for this study because
we report a clinical series and we have not included any identifiable information. We obtained
written consent for publication of this case series from the patient’s parents according with the 1964
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Helsinki Declaration and its later amendments or comparable ethical standards. This retrospective
review of patients’ data did not require ethical approval in accordance with local guidelines. For
the literature review an ethics statement is not applicable because this study is based exclusively on
published literature.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All clinical data and material are available in our Pediatric Unit.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Brower, K.S.; Del Vecchio, M.T.; Aronoff, S.C. The etiologies of non-CF bronchiectasis in childhood: A systematic review of 989

subjects. BMC Pediatr. 2014, 14, 4. [CrossRef] [PubMed]
2. McCallum, G.B.; Binks, M.J. The epidemiology of chronic suppurative lung disease and bronchiectasis in children and adolescents.

Front. Pediatr. 2017, 5, 27. [CrossRef] [PubMed]
3. Kapur, N.; Karadag, B. Differences and similarities in non-cystic fibrosis bronchiectasis between developing and affluent countries.

Paediatr. Respir. Rev. 2011, 12, 91–96. [CrossRef] [PubMed]
4. Ullmann, N.; Porcaro, F.; Petreschi, F.; Cammerata, M.; Allegorico, A.; Negro, V.; Cutrera, R. Noncystic fibrosis bronchiectasis in

children and adolescents: Follow-up over a decade. Pediatr. Pulmonol. 2021, 56, 3026–3034. [CrossRef]
5. Santamaria, F.; Montella, S.; Pifferi, M.; Ragazzo, V.; De Stefano, S.; De Paulis, N.; Maglione, M.; Boner, A.L. A descriptive study

of non-cystic fibrosis bronchiectasis in a pediatric population from central and southern Italy. Respiration 2009, 77, 160–165.
[CrossRef]

6. Goyal, V.; Grimwood, K.; Marchant, J.; Masters, I.B.; Chang, A.B. Pediatric bronchiectasis: No longer an orphan disease. Pediatr.
Pulmonol. 2016, 51, 450–469. [CrossRef]

7. Dosanjh, A. Airway Malformations and Bronchiectasis: A Pediatric Study. Ear Nose Throat J. 2020, 99, 44–46. [CrossRef]
8. Cagdas, D.; Kızılkan, M.P.; Tagiyev, A.; Emiralioglu, N.; Kales, A.; Yalcun, E.; Dogru, D.; Ozcelik, U.; Kiper, N.; Tezcan, I. Primary

Immunodeficiency Disorders in children with Non-Cystic Fibrosis Bronchiectasis. Eur. Ann. Allergy Clin. Immunol. 2020, 52,
271–276. [CrossRef]

9. Lewiston, N.J. Bronchiectasis in childhood. Pediatr. Clin. N. Am. 1984, 31, 865–878. [CrossRef]
10. McGuinness, G.; Naidich, D.P.; Leitman, B.S.; McCauley, D.I. Bronchiectasis: CT evaluation. AJR Am. J. Roentgenol. 1993, 160,

253–259. [CrossRef]
11. Chang, A.B.; Fortescue, R.; Grimwood, K.; Alexopoulou, E.; Bell, L.; Boyd, J.; Bush, A.; Chalmers, J.D.; Hill, A.T.; Karadag, B.; et al.

European Respiratory Society guidelines for the management of children and adolescents with bronchiectasis. Eur. Respir. J. 2021,
58, 2002990. [CrossRef] [PubMed]

12. Rogers, G.B.; Bruce, K.D.; Martin, M.L.; Burr, L.D.; Serisier, D.J. The effect of long- term macrolide treatment on respiratory
microbiota composition in non-cystic fibrosis bronchiectasis: An analysis from the randomised, double-blind, placebo-controlled
BLESS trial. Lancet Respir. Med. 2014, 2, 988–996. [CrossRef]

13. Lee, A.L.; Button, B.M.; Tannenbaum, E.L. Airway-Clearance Techniques in Children and Adolescents with Chronic Suppurative
Lung Disease and Bronchiectasis. Front. Pediatr. 2017, 5, 2. [CrossRef] [PubMed]

14. El Boustany, P.; Gachelin, E.; Colomban, C.; Cernoia, J.; Sudour, P.; Carsin, A.; Dubus, J.-C. A review of non-cystic fibrosis
bronchiectasis in children with a focus on the role of long-term treatment with macrolides. Pediatr. Pulmonol. 2019, 54, 487–496.
[CrossRef] [PubMed]

15. Gallucci, M.; Di Palmo, E.; Bertelli, L.; Camela, F.; Ricci, G.; Pession, A. A pediatric disease to keep in mind: Diagnostic tools and
management of bronchiectasis in pediatric age. Ital. J. Pediatr. 2017, 43, 117. [CrossRef]

16. Bhalla, M.; Turcios, N.; Aponte, V.; Jenkins, M.; Leitman, B.S.; McCauley, D.I.; Naidich, D.P. Cystic fibrosis: Scoring system with
thin-section CT. Radiology 1991, 179, 783–788. [CrossRef] [PubMed]

17. Edwards, E.A.; Metcalfe, R.; Milne, D.G.; Thompson, J.; Byrnes, C.A. Retrospective review of children presenting with non cystic
fibrosis bronchiectasis: HRCT features and clinical relationships. Pediatr. Pulmonol. 2003, 36, 87–93. [CrossRef]

18. Webb, W.R.; Muller, N.L.; Naidich, D.P. High-Resolution CT of the Lung; Lippincott: New York, NY, USA; Williams & Wilkins:
Philadelphia, PA, USA, 2001; pp. 71–193.

19. Miller, M.R.; Hankinson, J.; Brusasco, V.; Burgos, F.; Casaburi, R.; Coates, A.; Crapo, R.; Enright, P.; Van Der Grinten, C.P.M.;
Gustafsson, P.; et al. ATS/ERS Task Force. Standardisation of spirometry. Eur. Respir. J. 2005, 26, 319–338. [CrossRef]

20. Global Initiative for Asthma Global Strategy for Asthma Management and Prevention. Updated 2021. Available online:
https://ginasthma.org/wp-content/uploads/2021/05/GINA-Main-Report-2021-V2-WMS.pdf (accessed on 22 February 2021).

21. Nikolaizik, W.H.; Warner, J.O. Aetiology of chronic suppurative lung disease. Arch. Dis. Child. 1994, 70, 141–142. [CrossRef]
[PubMed]

22. Wurzel, D.F.; Marchant, J.M.; Yerkovich, S.T.; Upham, J.W.; Petsky, H.L.; Smith-Vaughan, H.; Masters, B.; Buntain, H.; Chang, A.B.
Protracted bacterial bronchitis in children: Natural history and risk factors for bronchiectasis. Chest 2016, 150, 1101–1108.
[CrossRef]

http://doi.org/10.1186/s12887-014-0299-y
http://www.ncbi.nlm.nih.gov/pubmed/25492164
http://doi.org/10.3389/fped.2017.00027
http://www.ncbi.nlm.nih.gov/pubmed/28265556
http://doi.org/10.1016/j.prrv.2010.10.010
http://www.ncbi.nlm.nih.gov/pubmed/21458736
http://doi.org/10.1002/ppul.25553
http://doi.org/10.1159/000137510
http://doi.org/10.1002/ppul.23380
http://doi.org/10.1177/0145561319839606
http://doi.org/10.23822/EurAnnACI.1764-1489.151
http://doi.org/10.1016/S0031-3955(16)34650-8
http://doi.org/10.2214/ajr.160.2.8424327
http://doi.org/10.1183/13993003.02990-2020
http://www.ncbi.nlm.nih.gov/pubmed/33542057
http://doi.org/10.1016/S2213-2600(14)70213-9
http://doi.org/10.3389/fped.2017.00002
http://www.ncbi.nlm.nih.gov/pubmed/28168184
http://doi.org/10.1002/ppul.24252
http://www.ncbi.nlm.nih.gov/pubmed/30652424
http://doi.org/10.1186/s13052-017-0434-0
http://doi.org/10.1148/radiology.179.3.2027992
http://www.ncbi.nlm.nih.gov/pubmed/2027992
http://doi.org/10.1002/ppul.10339
http://doi.org/10.1183/09031936.05.00034805
https://ginasthma.org/wp-content/uploads/2021/05/GINA-Main-Report-2021-V2-WMS.pdf
http://doi.org/10.1136/adc.70.2.141
http://www.ncbi.nlm.nih.gov/pubmed/8129439
http://doi.org/10.1016/j.chest.2016.06.030


Children 2022, 9, 1420 10 of 10

23. Gallucci, M.; Pedretti, M.; Giannetti, A.; di Palmo, E.; Bertelli, L.; Pession, A.; Ricci, G. When the Cough Does Not Improve: A
Review on Protracted Bacterial Bronchitis in Children. Front. Pediatr. 2020, 8, 433. [CrossRef] [PubMed]

24. Lucas, J.S.; Barbato, A.; Collins, S.A.; Goutaki, M.; Behan, L.; Caudri, D.; Dell, S.; Eber, E.; Escudier, E.; Hirst, R.A.; et al. European
Respiratory Society guidelines for the diagnosis of primary ciliary dyskinesia. Eur. Respir. J. 2017, 49, 1601090. [CrossRef]
[PubMed]

25. Olbrich, H.; Schmidts, M.; Werner, C.; Onoufriadis, A.; Loges, N.T.; Raidt, J.; Banki, N.F.; Shoemark, A.; Burgoyne, T.;
Al Turki, S.; et al. UK10K Consortium. Recessive HYDIN mutations cause primary ciliary dyskinesia without randomization of
left-right body asymmetry. Am. J. Hum. Genet. 2012, 91, 672–684. [CrossRef] [PubMed]

26. Shoemark, A.; Pinto, A.L.; Patel, M.P.; Daudvohra, F.; Hogg, C.; Mitchison, H.M.; Burgoyne, T. PCD Detect: Enhancing ciliary
features through image averaging and classification. Am. J. Physiol. Lung Cell Mol. Physiol. 2020, 319, L1048–L1060. [CrossRef]
[PubMed]

27. Pennekamp, P.; Dworniczak, B.; Omran, H. SPEF2- and HYDIN-Mutant Cilia Lack the Central Pair-associated Protein SPEF2,
Aiding Primary Ciliary Dyskinesia Diagnostics. Am. J. Respir. Cell Mol. Biol. 2020, 62, 382–396. [CrossRef]

28. McDonnell, M.; O’Toole, D.; Ward, C.; Pearson, J.; Lordan, J.; De Soyza, A.; Loebinger, M.; Chalmers, J.; Laffey, J.; Rutherford, R. A
qualitative synthesis of gastro-oesophageal reflux in bronchiectasis: Current understanding and future risk. Respir. Med. 2018,
141, 132–143. [CrossRef]

29. Douros, K.; Sardeli, O.; Prountzos, S.; Galani, A.; Moriki, D.; Alexopoulou, E.; Priftis, K.N. Asthma-Like Features and Anti-
Asthmatic Drug Prescription in Children with Non-CF Bronchiectasis. J. Clin. Med. 2020, 9, 4009. [CrossRef]

30. Goyal, V.; Chang, A.B. Combination inhaled corticosteroids and long-acting beta2-agonists for children and adults with bronchiec-
tasis. Cochrane Database Syst. Rev. 2014, 2014, CD010327. [CrossRef]

31. Säynäjäkangas, O.; Keistinen, T.; Tuuponen, T.; Kivelä, S.L. The course of childhood bronchiectasis: A case report and considera-
tions of hospital use. Int. J. Circumpolar Health 1998, 57, 276–279.

32. Hnin, K.; Nguyen, C.; Carson, K.V.; Evans, D.J.; Greenstone, M.; Smith, B.J. Prolonged antibiotics for non-cystic fibrosis
bronchiectasis in children and adults. Cochrane Database Syst. Rev. 2015, 2015, CD001392. [CrossRef]

33. Pasteur, M.C.; Bilton, D.; Hill, A.T. British Thoracic Society guideline for non-CF bronchiectasis. Thorax 2010, 65 (Suppl. 1), i1–i58.
[CrossRef] [PubMed]

34. Kelly, C.; Chalmers, J.D.; Crossingham, I.; Relph, N.; Felix, L.M.; Evans, D.J.; Milan, S.J.; Spencer, S. Macrolide antibiotics for
bronchiectasis. Cochrane Database Syst. Rev. 2018, 3, CD012406. [CrossRef] [PubMed]

35. Somayaji, R.; Goss, C.H. Duration of antibiotic therapy in non-cystic fibrosis bronchiectasis. Curr. Pulmonol. Rep. 2019, 8, 160–165.
[CrossRef] [PubMed]

36. Valery, P.C.; Morris, P.S.; A Byrnes, C.; Grimwood, K.; Torzillo, P.J.; A Bauert, P.; Masters, I.B.; Diaz, A.; McCallum, G.B.;
Mobberley, C.; et al. Long-term azithromycin for Indigenous children with non-cystic-fibrosis bronchiectasis or chronic suppura-
tive lung disease (Bronchiectasis Intervention Study): A multicentre, double-blind, randomised controlled trial. Lancet Respir.
Med. 2013, 1, 610–620, Erratum in Lancet Respir. Med. 2015, 3, e29. [CrossRef]

37. E Kobbernagel, H.; Buchvald, F.F.; Haarman, E.G.; Casaulta, C.; A Collins, S.; Hogg, C.; E Kuehni, C.; Lucas, J.S.; Moser, C.;
Quittner, A.L.; et al. Efficacy and safety of azithromycin maintenance therapy in primary ciliary dyskinesia (BESTCILIA): A
multicentre, double-blind, randomised, placebo-controlled phase 3 trial. Lancet Respir. Med. 2020, 8, 493–505. [CrossRef]

38. Lee, E.; Sol, I.S.; Kim, J.D.; Yang, H.J.; Min, T.K.; Jang, G.C.; Hwang, Y.H.; Cho, H.J.; Suh, D.I.; Kim, K.; et al. Long-term macrolide
treatment for non-cystic fibrosis bronchiectasis in children: A meta-analysis. Sci. Rep. 2021, 11, 24287. [CrossRef]

39. Bush, A. Azithromycin is the answer in paediatric respiratory medicine, but what was the question? Paediatr. Respir. Rev. 2020, 34,
67–74. [CrossRef]

40. Wilson, L.M.; Morrison, L.; Robinson, K.A. Airway clearance techniques for cystic fibrosis: An overview of Cochrane systematic
reviews. Cochrane Database Syst. Rev. 2019, 1, CD011231. [CrossRef]

41. Poeta, M.; Maglione, M.; Borrelli, M.; Santamaria, F. Non-cystic fibrosis bronchiectasis in children and adolescents: Neglected and
emerging issues. Pediatr. Neonatol. 2020, 61, 255–262. [CrossRef]

42. Lee, A.L.; Burge, A.T.; Holland, A.E. Positive expiratory pressure therapy versus other airway clearance techniques for bronchiec-
tasis. Cochrane Database Syst. Rev. 2017, 9, CD011699. [CrossRef]

http://doi.org/10.3389/fped.2020.00433
http://www.ncbi.nlm.nih.gov/pubmed/32850546
http://doi.org/10.1183/13993003.01090-2016
http://www.ncbi.nlm.nih.gov/pubmed/27836958
http://doi.org/10.1016/j.ajhg.2012.08.016
http://www.ncbi.nlm.nih.gov/pubmed/23022101
http://doi.org/10.1152/ajplung.00264.2020
http://www.ncbi.nlm.nih.gov/pubmed/32996775
http://doi.org/10.1165/rcmb.2019-0086OC
http://doi.org/10.1016/j.rmed.2018.06.031
http://doi.org/10.3390/jcm9124009
http://doi.org/10.1002/14651858.CD010327.pub2
http://doi.org/10.1002/14651858.CD001392.pub3
http://doi.org/10.1136/thx.2010.136119
http://www.ncbi.nlm.nih.gov/pubmed/20627931
http://doi.org/10.1002/14651858.CD012406.pub2
http://www.ncbi.nlm.nih.gov/pubmed/29543980
http://doi.org/10.1007/s13665-019-00235-w
http://www.ncbi.nlm.nih.gov/pubmed/31875166
http://doi.org/10.1016/S2213-2600(13)70185-1
http://doi.org/10.1016/S2213-2600(20)30058-8
http://doi.org/10.1038/s41598-021-03778-8
http://doi.org/10.1016/j.prrv.2019.07.002
http://doi.org/10.1002/14651858.CD011231.pub2
http://doi.org/10.1016/j.pedneo.2019.09.013
http://doi.org/10.1002/14651858.CD011699.pub2

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

