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I 

 

Abstract 

 
 

Background. Cough is a physiological defense mechanism, but it may also be the first, initial symptom of a 

variety of respiratory tract disorders and, more rarely, of extrapulmonary diseases. Independently from its 

nature, when persistent or recurrent, cough can severely impact the quality of life of children and their 

families and be one of the most common medical complaints for which parents seek medical assistance. 

Prompt recognition and early management is necessary to prevent inappropriate treatment and, possibly, 

the onset of persistent damage to the airways. 

Materials and methods. We retrospectively studied 110 children, referred to our Unit, diagnosed for 

chronic/recurrent wet cough in according to international guidance. Fiberoptic bronchoscopy with 

bronchoalveolar lavage (BAL) and chest CT scan were included in the evaluation, when clinically indicated. 

Results. Out of the 71 children in which endoscopy was performed, 38 (53.5%) had evidence of bronchial 

inflammation with mucopurulent secretions and 23 (32.4%) of airway malacia due to extrinsic pulsatile 

airway compression in 19 (26.8%). Evaluation BAL fluid showed a neutrophilic alveolitis in 51 of the samples 

and significant bacterial growth in 48 patients: H. influenzae in 37 samples, Str. pneumoniae and, M. 

catharralis in 7. Chest CT scan performed in 79 children showed the presence of bronchiectasis in 30 and 

mediastinal vascular anomalies in 19 of them: aberrant innominate artery (AIA) in 15, right aortic arch 

(RAA) in 2 and AIA + RAA association in 2. Comparing children with or without bronchiectasis, we found 

that the median age at admission was significantly higher in the formers, who also tended to have a higher 

age at symptoms onset and a longer period between symptom onset and diagnosis. Moreover, the 

“bronchiectasis group” had a higher percentage of children with airway malacia (p<0.001), and cultures 

positive for Haemophilus influenzae (p<0.02). Patients were treated with respiratory physiotherapy and 

high-dose amoxicillin/clavulanic acid (40 mg/kg/ day) up to 6 weeks Evaluation of the long-term outcome 

showed that 40.6% could be classified as “completely asymptomatic”, 28.1% as “intermittent symptomatic, 

18.7% as “recurrent symptoms, with substantial interference upon life-style” and 12.5%, of which 3 with 

bronchiectasis, as “unsatisfactory result”. 

Conclusions. These data may be useful to describe the possible evolutionary conditions in children with 

chronic wet cough and the best therapeutic approach in these patients even employing prolonged 

antibiotic therapies plus respiratory physiotherapy. Protection of the airway against respiratory bacteria for 

a longer period may reduce the risk of recurrence and may be protective against bronchial wall 

degeneration leading to the development of bronchiectasis. Delayed diagnosis or inappropriate treatments 

may give enough time for the "vicious cycle": infection, inflammation, and impaired mucociliary clearance 

to destroy the integrity of the bronchi and proceed toward the development of bronchiectasis. 
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Figure 1. The physiology of cough.  
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List of figures legends 

 
 

 

Figure 2. The sensory innervation of the airways. The sensory nerves of the airways can be divided roughly 

into two groups: those primarily activated by mechanical stimuli, (the quick adaptation receptors RARs, and 

the receptors of cough) and those primarily activated by chemical stimuli (C-fibers, nociceptors Aδ). The 

first are sensitive to lung hyperextension, bronchospasm, mucus overproduction and edema but also to the 

environmental acidity. The latter are sensitive to capsaicin, bradykinin (BK), prostaglandins (PGs) and the 

acidity of the environment. The activation of C-fibers induces an axon reflex that results in the release of 

neuropeptides such as substance P and neurokinin A. 
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Figure 3. Dry and wet chronic cough etiology in children. 
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Figure 4. Most frequent causes of cough according to the child age. 
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Figure 5. Pointers of specific cough etiology. 
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Figures 6. Examples of bronchoscopic images of children with chronic wet cough: A. Purulent respiratory 

secretions in a 6 years-old patient with bronchiectasis, chronic wet cough, BAL bacterial load ≥104 CFU/mL 

and cultures positive for Haemophilus influenzae. B. Purulent respiratory secretions in a 9 years-old patient 

with tracheal compression due to aberrant innominate artery (AIA), bronchiectasis, chronic barking wet 

cough, BAL bacterial load ≥104 CFU/mL and cultures positive for Haemophilus influenzae. C. Severe 

tracheal malacia in a 3 years-old patient due to AIA extrinsic compression, associated with tracheal lumen 

collapse, chronic cough and presence of purulent respiratory secretions coming from both side of the 

bronchial tree, BAL bacterial load ≥104 CFU/mL and cultures positive for Streptococcus pneumoniae. D. 

Double aortic arch with right aortic arch (RAA) in a 3 years old patient, 2 years after the surgical opening of 

the vascular ring, chronic/recurrent wet cough associated with BAL bacterial load <104 CFU/mL and 

cultures positive for Haemophilus influenzae. E. RAA in a 7 years-old patient with recurrent wet cough, 

BAL fluid cultures negative for bacteria growth.   
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Figure 7. Number of children with different BAL neutrophil percentages. 
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List of figures legends 

 

 
Figure 8. Percentage of bronchoalveolar lavage sample cultures with bacterial load > 104 CFU/mL for 

Haemophilus influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, Staphylococcus aureus, and 

Group A β-hemolytic streptococci (GABHS). 
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List of figures legends 

 

 
Figure 9. Distribution of children with secondary tracheomalacia induced different mediastinal vessel 

abnormalities: aberrant innominate artery (AIA), right aortic arch (RAA) and AIA and RAA. 
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List of figures legends 

 

 
Figure 10. Examples of the CT scans of children with chronic wet cough: A. Medium lobe bronchiectasis 

and atelectasis (white arrow) in a 9 years patient with recurrent wet cough and fever, BAL bacterial load 

≥104 CFU/mL and cultures positive for Haemophilus influenzae. B. Left lower lobe bronchiectasis (white 

circle) in an 8 years old patient with recurrent wet cough, BAL bacterial load ≥104 CFU/mL and cultures 

positive for Haemophilus influenzae. C. Tracheal compression by aberrant innominate artery (black arrow) 

without bronchiectasis in a 5-years-old, with BAL bacterial load ≥104 CFU/mL and cultures positive for 

Staphylococcus aureus. D. Right aortic arch in a 4 years old patient. The TC scan shows the right circumflex 

aortic arch with the left thoracic descending aorta (black arrow). BAL bacterial load was ≥104 CFU/mL and 

cultures positive for Streptococcus pneumoniae. 
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Figure 11. Percentage of bronchoalveolar lavage sample cultures with bacterial load > 104 CFU/mL for 

Haemophilus influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, Staphylococcus aureus, and 

Group A β-hemolytic streptococci (GABHS) in children with and without bronchiectasis. 
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Part I - Cough in children 

 

 

1. Introduction 

            
Cough is a physiological defense mechanism to accelerate mucus clearance, to clear excessive 

secretions and to remove inhaled foreign material from the airways. The mean number of coughing 

episodes in healthy children has been measured as 11 (range 1-34) per 24 hours1. However, cough 

may also be the first, initial symptom of a variety of respiratory tract disorders and rarely of 

extrapulmonary diseases but also be initiated and suppressed voluntarily and represent habit a tic or 

psychogenic cough that has no underlying organic cause and does not respond to conventional 

medical treatment2. Independently from the nature, when persistent or recurrent, cough can severely 

impact the quality of life and be one of the most common medical complaints for which parents seek 

medical assistance. 75% to 80% of children with cough have sought more than 5 consultations prior 

to presentation to a respiratory specialist3-5. Despite the recent advances in understanding the 

mechanisms that regulate cough, in physiological and pathological conditions, when a specific 

etiology is not detectable, current therapeutic options are little or only moderately effective. When 

specific cough pointers cannot be identified through medical history and physical examination and 

routine tests, more “aggressive” approaches, such as fiberoptic bronchoscopy with cytological and 

microbiological evaluation of bronchoalveolar lavage fluid, and eventually chest computed 

tomography (CT) scan, should be performed to avoid unnecessary diagnostic examinations and 

ineffective chronic treatments.                                                                                               

 

2. The physiology of cough   

                                                                                                      
Cough is a forced expulsive maneuver usually against a closed glottis and constitutes a vital 

protective reflex to clear the respiratory tract from inhaled foreign materials or secretions6. Cough 

reflex has both sensory (afferent) mainly via vagus nerve and motor (efferent) components (figure 

1). Cough receptors are rapidly adapting irritant receptors, located mainly in pharynx, larynx on the 

posterior wall of the trachea and at the tracheal carina level2. The receptors are less abundant in the 

distal airways, i.e. in respiratory bronchioles and alveolar septa. Pharynx, larynx and the major 

conducting airways are sensitive to both mechanical and chemical stimuli, whilst terminal 

bronchioles and even the alveoli are sensitive to chemical stimuli such as sulfur dioxide gas or 

chlorine gas7. More airway receptors are found in the external auditory canals, eardrums, paranasal 

sinuses, diaphragm, pleura, pericardium, and stomach2. These are probably mechanical receptors 

only, which can be stimulated by triggers such as touch or displacement. When triggered, receptors 

send impulses traveling via the afferent neural pathway, i.e. through the internal laryngeal nerve, a 

branch of the superior laryngeal nerve which stems from the vagus nerve, to the medulla oblongata 

of the brain, were the cough center is located2. In the efferent pathway, impulses then travel from via 

the vagus, phrenic, and spinal motor nerves to  
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diaphragm, abdominal wall and muscles8. The nucleus retroambigualis, by phrenic and other spinal 

motor nerves, sends impulses to the inspiratory and expiratory muscles, whilst the nucleus ambiguus, 

by the laryngeal branches of the vagus sends impulses to the larynx9. These impulses promote the 

four phases that characterize the cough: 1) the inspiratory phase, a rapid deep inspiration through a 

widely open glottis; 2) the compression phase, characterized by contraction of the respiratory 

muscles producing an expiratory effort against a closed glottis, with rapid generation of high 

intrapulmonary pressure; 3) the expiratory phase, with sudden opening of the glottis causing 

explosive expiration and a high linear velocity of gas flow; 4) the cessation stage10. At least three 

broad classes of receptor classes can be identified based on their myelination, conduction velocity, 

physicochemical sensitivity, adaptation to sustained lung inflation, neurochemistry, origin, sites of 

termination in the airways. These include the rapidly adapting receptors (RARs), the slowly adapting 

stretch receptors (SARs) and the C-fibers, which are sensitive to different mechanical and chemical 

stimuli11 (figure 2). Most of the afferent nerves innervating the airways are the unmyelinated C-

fibers, relatively insensitive to mechanical stimulation and lung inflation but are directly activated by 

chemical stimuli such as capsaicin, citric acid, bradykinin, hypertonic saline solution and sulfur 

dioxide (SO2), which interact with two non-selective ion channels: the transient receptor potential 

ankyrin 1 (TRPA1) and the transient receptor potential vanilloid 1 (TRPV1)12. At least in 

physiological conditions, it is very likely that cough reflex can be regulated by complex interactions 

between subtypes of sensory nerve pathways, diverse according to the characteristics of the stimulus. 

The disruption of the balance among complex interactions may increase the sensitivity of the 

peripheral nerve endings, leading to the generation of excessive, difficult to control, coughing not 

only in patients with chronic bronchial pulmonary disease, but also in normal subjects during acute 

infections of the upper or lower airways13. 

 

3. Classification of cough based on symptom duration and its epidemiology 

                      
In the pediatric population, cough can be classified as acute, subacute, or chronic depending on how 

long it lasts. Acute coughs last less than two weeks and usually are caused by the common cold or 

other infections such as sinusitis or pneumonia. Subacute coughs last two to four weeks and remain 

after the initial cold or respiratory infection is over. Chronic coughs last more than four weeks and 

can be caused by gastroesophageal reflux disease (GERD), postnasal drip from sinus infections, 

allergies, long-lasting infections, chronic lung conditions, airway malformations and psychogenic 

disorders. There are no studies that have clearly defined when cough should be labelled as chronic: it 

is described variously as a persistent daily cough of more than 4,6 and 8 weeks.  The British 

Thoracic Society (BTS) defined as chronic a cough lasting longer than 8 weeks, rather than the 4 

weeks recommended  
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by the American College of Chest Physicians (ACCP) and the Thoracic Society of Australia and 

New Zealand (TSANZ)5,14-17. An intermediate time zone, defined as “prolonged acute cough”, is 

considered 

in the BTS guideline to include a 2-3 weeks period for cough resolution in children with post-viral 

cough meeting the criteria for chronic cough who may undergo unnecessary investigations. A 

proportion of children with uncomplicated pertussis may also find their symptoms resolve during 

this time. Recurrent cough refers to >3 episodes/year, each lasting more than 7 to 14 days. If the 

cough-free periods between the exacerbations are short, it can be difficult to distinguish recurrent 

from chronic cough5,18.  

 

4. Chronic cough epidemiology in pediatrics      

                                                                     
No studies have systematically compared the prevalence of chronic cough in children worldwide. 

Reports of chronic cough in populations vary between 1% in India, 9% in Eastern Europe and 5-12% 

in China with increases in areas with higher air pollution19-21. Many studies highlighted that there is a 

substantial and frequently unrecognized burden of morbidity attributable to chronic cough in 

childhood with prevalence of around 10%. There is no precise data on the burden of chronic cough, 

probably because chronic cough was previously perceived not as a clinical entity but as the 

subsequent symptom from other respiratory conditions. Moreover, subjective perception and 

parental reporting of symptoms further biases prevalence reports. Therefore, the charge of chronic 

cough in children is influenced by age range, gender, air pollution and the quality of the health care 

system 5,22-29. Chronic wet cough is very common among pre-school (0-6 years aged) children whose 

parents sought medical consultation, particularly in the first two-three years of life 30,31. Some 

authors found that 63.9% of children newly referred to pediatric pulmonologists for chronic cough 

had wet or productive cough32. Unlike the symptom of dry cough, chronic wet cough is more reliably 

reported by parents when compared to clinician’s assessment and bronchoscopic findings33. The 

mean or median age of children with chronic wet cough is 10 months to 8.4 years and ranged from 

0.3 to 17 years.  Children with chronic wet cough are significantly younger than those with chronic 

dry cough. A median duration cough 28 weeks (minimum quartile value 11.5 weeks and maximum 

quartile 56.3 weeks) is observed in affected children34,35.  

 

5. Classification of chronic cough based on characteristics 

                                                   
In the anamnestic evaluation of the child the characteristics of the cough should be carefully defined. 

There are certain cough types which can be readily led to a specific diagnosis. Pertussis or whooping 

cough is characterized by severe paroxysms of coughing, followed by a gasping inspiration 

producing  
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cough may be characteristic of tracheomalacia, and particularly when associated with 

tracheoesophageal fistula but, again, may not be heard or reported in infants and young children37. 

Psychogenic coughs may appear as dry repetitive habit ‘tic-like’ coughs or honking with the child 

not being very disturbed by the cough, which is typically non present during sleep or when the child 

is  

absorbed in an activity. Chronic cough with short, staccato sounds is a characteristic sign of the lung 

infection by Chlamydia pneumoniae, especially in infants. Cough can also be differentiated in wet 

and dry (figure 3). A chronic productive or wet cough suggests some underlying cause inducing 

mucous hypersecretion that needs to be investigated. Purulent secretions are most likely associated 

with diseases that promote chronic or recurrent bacterial infection, such as bronchiectasis, primary 

ciliary dyskinesia and cystic fibrosis. A dry cough suggests airway irritation, inflammation and can 

be associated with bronchial hyperreactivity with or without wheezing, and allergic sensitization. It 

is important to note that some children with dry coughing may have periods with wet cough e.g. 

during respiratory infections14,15,38-41.  

 

6. Chronic wet cough 

                                                                                                                 
Since infants and pre-school children are not usually able to expectorate, in pediatrics cough 

associated with substantial respiratory secretions should be defined as “wet” not as “productive”14,15. 

The etiology of chronic cough are, at least partially, age dependent (figure 4). Several conditions 

should be considered in the differential diagnosis of chronic wet cough, bronchiectasis, primary 

ciliary dysfunctions, cystic fibrosis, pulmonary aspiration, primary and secondary airway malacia, 

immunodeficiency, missed foreign body aspirations and chronic infections14,15,18,32,34,35,42-47. Prompt 

recognition and early management of child with chronic wet cough is important to prevent 

inappropriate treatment and the onset of persistent functional and structural damage to the airways48. 

In recent years, increasing attention has been focused on the most common cause of chronic wet 

cough, chiefly in young children: protracted bacterial bronchitis 22,23,30,31,34.  

 

7. Protracted bacterial bronchitis: the initial definition 

                                                        
The term protracted bacterial bronchitis (PBB) was first described as a diagnostic entity by the 

Brisbane group in 200649 and then recognized in National and International Guidelines as a cause of 

chronic wet cough in children17. The initial definition included: a) a history of chronic wet cough, b) 

positive bronchoalveolar (BAL) cultures for a respiratory pathogen, and c) response to a 2-week 

course of oral amoxicillin–clavulanic acid treatment49. In that study by Chang AB and co-workers, 

evidence of airway neutrophilic inflammation was detected by bronchoalveolar lavage (BAL) and 

the most  
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common pathogens isolated were Haemophilus influenzae in 47%, Streptococcus pneumoniae in 

35% and in 26% Moraxella catarrhalis49. Trachea-bronchomalacia was found in 33% of PBB 

children49. In a follow-up study, the same researchers group evaluated the 2-year outcomes PBB 

children and found that high Haemophilus influenzae titers in BAL fluid were major risk factors for 

bronchiectasis suggesting a role of this specific infection in bronchiectasis pathogenesis50. The 

response to antibiotics (positive in only 48% of children) was confirmed in that relatively small 

randomized controlled trial50, used a cough score as an endpoint, rather than any more scientific 

biomarker or objective cough counting. Children included in that report did not have any signs and 

symptoms associated with underlying illnesses that could explain the presence of prolonged wet 

cough50.  

 

8. Persistent bacterial bronchitis: the revised definition 

                                                       
Because of the inappropriateness to perform bronchoscopy in many not severely affected young 

children22, the original protracted bacterial bronchitis (PBB) definition was modified by the 

European Respiratory Society (ERS) statement and termed “PBB-micro”, because it includes 

microbiological analysis of BAL. To this term, the new term “PBB-clinical” has been associated, 

which eliminates the need for BAL, but overtly acknowledges the need to exclude other causes of 

chronic wet cough, which is implied but not stated in PBB-micro14,23. The “PBB-clinical” clinical 

entity is characterized by an isolated chronic wet or productive cough, lasting for four weeks or 

more, without any evidence of the signs and symptoms known as specific cough pointers (figure 5) 

without signs of another cause. Many cases of PBB responding to a relatively short course of oral 

antibiotics have a resolution of cough after a course of appropriate antibiotic (usually oral 

amoxicillin-clavulanic acid) for at least two weeks15. If the affected children do not respond to 

appropriate treatment with antibiotics it is probable that PBB is misdiagnosed and further 

investigation is required to reach an accurate diagnosis, avoiding the abuse of antibiotic therapy and 

the occurrence of respiratory complications such as the onset of bronchiectasis23. Unfortunately, in 

the ERS statement there is no requirement to try to define infection non-bronchoscopically51,52. This 

is a sad example of the current “don’t measure” culture of pediatric pulmonology, which is a 

significant omission, as is the absence of any requirement to the appropriate use of antibiotics and to 

test if infection has resolved after treatment. The ERS statement, defining “PBB-clinical” allows up 

to 4 weeks of antibiotics to resolve symptoms gut, again, there is no requirement for positive 

bacteriology23. Moreover, “PBB-micro” or “PBB-clinical” with resolution necessitating 4 weeks of 

antibiotics is termed “PBB-extended” and if there is a recurrence of more than 3 episodes of 

PBB/year is termed “recurrent PBB” 23. As to what investigations should be performed to exclude 

other causes of chronic wet cough, this is left to judgment of the treating physician.  
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9. Conclusions 

                                                                                                                            
Therefore, PBB is a description, not a diagnosis, which should be included in a broader umbrella 

together with all the other chronic suppurative lung disease endotypes. It is perfectly clear that in  

children with chronic wet cough negative response to antibiotic treatment may be explained, for 

example, by anatomical airway obstruction, a local or systemic immunodeficiency, or any one of 

many aspiration syndromes. These children should be referred for further investigations when 

specific cough pointers are present or when the wet cough does not respond to 4 weeks of 

antibiotics53.Presence of bronchiectasis and other structural airway abnormalities detectable with 

chest computed tomography scans can be clearly associated with longer duration of chronic wet 

cough and with failure of the cough to respond to 4 weeks of antibiotics23. In children with the 

“extended” and “recurrent” PBB phenotypes, understanding of disease pathophysiology defining 

those at high risk of progressing to bronchiectasis will likely lead to novel and highly specific 

treatments. 
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1. Materials and Methods                                                                                                        

 

1.1 Study population 

 
A retrospective study was performed on records of 110 children admitted to the Pulmonary 

Disease Unit of the Giannina Gaslini Children Hospital, from January 2016 to February 2020. 

These children had been consecutively enrolled from a population referred to our Unit for a 

clinical history of chronic/recurrent wet cough not responding to medical therapies. Most of 

the patients had history of recurrent lower respiratory tract infections, but were evaluated 

while in stable condition, at least two months after the last episode requiring antibiotic 

treatment. We excluded children presenting congenital anomalies or malformations of the 

esophagus (such as esophageal atresia or tracheoesophageal fistula), history suggestive of 

inhaled foreign body aspiration, swallowing disorders, primary ciliary dyskinesia, cystic fibrosis 

and known cellular/humoral immune deficiencies. The original protocol was approved by the 

local ethics committee but, because of the retrospective nature, ethical approval and patient 

consent were judged unnecessary for the present study. 

 

1.2 Patient evaluation  

 
Demographic data were collected uniformly in all children, focusing specifically on age at onset, 

type, severity and persistency of respiratory symptoms, and presence of comorbidities. Physical 

examination and routine blood tests, serum immunoglobulin levels and blood lymphocyte 

subpopulations, microbiological analysis of nasopharyngeal swabs, which included specific 

Polymerase Chain Reaction (PCR) for respiratory viruses, Bordetella pertussis and Mycoplasma 

pneumoniae and skin prick tests for the most common classes of allergens, were performed in 

all patients. Flows and volumes were measured by spirometry in those able to perform 

reproducible forced expiratory maneuvers54. Esophageal impedance/pH monitoring, barium 

contrast fluoroscopy and fiberoptic esophagogastroscopy were executed when 

gastroesophageal reflux, aspiration or structural abnormalities of the gastroesophageal tract 

(pyloric stenosis, malrotation, hiatal hernia, or esophageal stricture) were suspected55. 

Furthermore, in patients with recurrent respiratory tract infections ciliary beat frequency on 

nasal epithelial cells and cystic fibrosis transmembrane regulator gene mutations were 

evaluated. Finally, when clinically indicated, rhino laryngoscopy was performed to diagnose 

malformation or obstruction of the upper airways. Video bronchoscopy and bronchoalveolar 
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lavage (BAL) was performed when required, followed by chest radiography and/or computed 

tomography (CT) with or without radiocontrast agents. 

 

1.3 Video bronchoscopy and bronchoalveolar lavage (BAL) cell analysis 

 
Video bronchoscopy and BAL were performed as previously described56. Briefly, after 

premedication with atropine and sedation with meperidine (0.5-2.0 mg/kg body weight i.v.) or 

propofol (2.0 mg/kg body weight i.v.), the video bronchoscope (BF-3C160 or BF-P190, Olympus, 

Tokyo, Japan) was passed through a ventilation mask and introduced in a nostril, with the 

patient spontaneously breathing. Ventilation was assisted manually, when needed. After local 

anesthesia of the airways with 1% lidocaine solution, BAL was performed by injecting in a 

bronchial subsegment 3×1 ml/kg body weight aliquots of sterile saline solution, which were 

aspirated at a negative pressure of 40 mmHg in siliconized plastic tubes. When no segmental 

abnormalities or localized inflammatory lesions were detected, BAL was performed in right 

middle lobar bronchus or in the lingula. During the procedure, suctioning was begun only in 

lower airway tract to decrease the operating channel contamination by germs from upper 

respiratory tract. All bronchoscopic procedures were videotaped. BAL fluid samples were sent 

to the microbiology department to detect the presence of bacteria, mycobacteria and viruses. 

The volume of fluid recovered and the total and differential cell counts were recorded, as 

previously described55.  

 

1.4 Chest computed tomography (CT) scan 

 
Multidetector CT was performed with a 64-slice CT scanner (Siemens Somatom Sensation 64, 

Siemens, Erlangen, Germany), using an intravenous radiocontrast agent (Iomeron 300, Bracco, 

Milan, Italy), which was administered, in all patients, with a power injector via a peripheral 

vein. The examination was performed, when possible, holding the breath in the inspiratory 

phase, but quiet breathing was tolerated in younger and non-cooperative patients57. 

 

1.5 Lung functions 

 
Lung function test by spirometry was performed in cooperative children able to perform 

acceptable and reproducible forced expiratory manoeuvres54,58. Forced vital capacity (FVC), 

forced expiatory volume in 1 second (FEV1), and their ratio (FEV1/FVC) were measured (Med  
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Graphics, Pulmonary Function System 1070 series 2, Med Graphics Corporation, Saint Paul, 

Minnesota, USA), following the ATS/ERS guideline59. 

 

1.6 Follow-up  

 
The follow up data were collected, 12-18 months after diagnosis, from clinical records obtained 

from following hospital admissions to the hospital or to out-patients clinic visits, or by phone 

interviews. A questionnaire was used designed to assess the (i) presence, frequency, and 

severity of symptoms and the (ii) quality of life (QoL) of children and their families, as 

previously described60. A satisfaction test using a Visick symptom scale was used to assess the 

“general” outcome rated by means of the Visick symptom scale60, which includes 4 steps: VS1—

perfect result=asymptomatic patient; VS2—mild=intermittent symptoms controlled by therapy 

without a substantial interference on life-style; VS3—moderate=recurrent symptoms, with 

substantial interference upon life-style; VS4—unsatisfactory result60.  

 

1.7 Data analysis 

 
Qualitative variables (such as age, neutrophil percentage in BAL, FCV, FEV1, FEF25-75) were 

presented as median, with inter-quartile range, along with maximum and the minimum value in 

case of large distribution data from the mean, or in the form of median, with standard 

deviation, if number of outliers were irrelevant. Quantitative variables (such as high versus low 

bacterial load in BAL, patients with bronchiectasis versus without bronchiectasis) were 

presented in the form of absolute and relative frequency. Explorative analysis was the first step 

in collected data evaluating, to describe general characteristics of our study population and its 

qualitative/quantitative data. In order of type of variables, we used different statistical analysis. 

For quantitative variables, parametric and nonparametric methods were used. Parametric 

method, such as t-test, were performed with the data following a normal distribution and when 

variances of the distributions were equal. Nonparametric method, such as Mann-Whitney test, 

were employed in case of data following an abnormal distribution. Chi-square test (or Fisher’s 

exact test if the numbers are very small) were used to compare categorical or qualitative 

variables.  A p-value ≤ 0.05 was considered statistically significant. All statistical analysis 

procedures were performed using GraphPad Prism3 program (GraphPad Software Inc.). 
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2. Results                                                                                                                                     

 

 

2.1 Patients population 

 
110 children, 50 males (45.5%) and 60 females (54.5%), mean age at time of referral of 5.79 

(4.10-7.78) years, were included in the study. Median age at the symptom onset was 24 (12.0- 

48.0) months and the median period between symptoms onset and diagnosis was 3.0 (2.0-5.0) 

years.  

 

2.2 Pulmonary functions 

Spirometry was performed in 47 cooperative children. 27 patients (57.4 %) showed normal 

(>90% than predicted) values for pulmonary volume (FVC and FEV1). 6 patients (12.8 %) 

showed a restrictive spirometry pattern and 15 children (32.0%), an obstructive pattern. 

 

2.3 Video bronchoscopy 

 
Video bronchoscopy was performed when clinically indicated because of the high frequency 

and/or the severity of respiratory symptoms. Out of 71 children (64.5% of the total patient 

population) in which endoscopy was performed, 64 (90.1%) had evidence of airways 

inflammation, associated with mucopurulent secretions in 38 (53.5%). Moreover, airways 

malacia was detected in 23 (32.4%) children, primary in 4 (5.6%) and secondary, due to 

extrinsic pulsatile airway compression, in 19 (26.8%) (table 1) (figures 6 A, B, C, D and E). 

 

2.4 Cytological and microbiological analysis of BAL fluid 

 
Cytologic evaluation was performed in 64 (90.1%) BAL fluid and showed a neutrophil count 

>10% in 51 (79.7%) of the samples. The median neutrophil count in BAL fluid was 48.8% (14.8% 

- 83.0%): <5% in 9 children (14.1%), >5-<10% in 4 (6.3%), 10-<30% in 10 (15.6%), 30-<50% in 15 

(23.4%), ≥50% in 26 (40.6%) (figure 7). BAL fluid cultures were performed in 64 children (90.1%) 

and demonstrated bacterial growth in 48 patients (75.0%): Haemophilus influenzae in 37 

samples (57.8%), Streptococcus pneumoniae in 12 (18.8%), Moraxella catharralis in 7 (10.9%), 

Staphylococcus aureus in 3 (4.7%), group A beta-hemolytic Streptococcus (GAS) in 3 (4.7%) 

(figure 8). Bacterial load was ≥104 CFU/mL in BAL fluid from 39 children (60.9%) of whom 4 with 

neutrophil count <10% and 35 with neutrophil counts >10% (p<0.001). The degree of 

neutrophilia in BAL samples with bacterial load < or >104 CFU/mL is shown in table 2. 
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2.5 Roentgenographic evaluation 

 

Chest x-rays, performed in 90 children (81.8%), demonstrated peri bronchial interstitial 

thickening in 49 (54.4%), parenchymal lung consolidation in 32 (35.6%) and atelectasis in 9, 

(10.0%). Chest CT scan with contrast agent, performed in 79 children (71.8%), allowed a more 

detailed examination of the lungs and showed bronchial obstruction and air trapping (n=45, 

63.4%), bronchiectasis in 30 (42.3%), parenchymal lung consolidation in 24 (33.8%), 

peribranchial interstitial thickening in 23, (32.4%). Extrinsic tracheal compression was shown in 

19 children (26.8%), induced by aberrant innominate artery (AIA) in 15 (79.0%), right aortic arch 

(RAA) in 2 (10.5%) and AIA + RAA association in 2 (10.5%) (figure 9) (figures 10 A, B, C and D). 

 

2.6 Airway inflammation and infection in children with and without bronchiectasis 

 
As compare with the “without bronchiectasis” group, the median age at hospitalization was 

significantly higher in the “with bronchiectasis” group [7.4 (5.5-10.7) years vs. 5.6 (4.1-7.0) 

years; p <0.001], which also showed a tendency to have a higher median age at symptoms 

onset [33.5 (24.0-48.0) months vs. 24.0 (12.0-36.0) months; p 0.07], and a longer period 

between symptoms onset and diagnosis [4.0 (2.0-7.0) years vs. 3.0 (2.0-4.0) years: p 0.08]. BAL 

cytological examination showed a significant higher median neutrophil count in the “with 

bronchiectasis” group [80.3 (30.1-87.6)], as compared with the “without bronchiectasis” group 

[21.0 (2.7-60.3); (p< 0.0001). Moreover, as compared with the “without bronchiectasis” group, 

the “bronchiectasis group” had a higher percentage of children with airway malacia [20/30 

(66.7%) vs. 3/34 (8.8%), p<0.00001), and cultures positive for Haemophilus influenzae (p<0.02) 

(Figure 11).  

 

2.7 Treatment and follow-up 

 
The approach to treatment was based on respiratory physiotherapy with PEPmask twice a day 

for several months, associated with high-dose amoxicillin/clavulanic acid (40 mg/kg/ day) for 2 

weeks and reviewing response to treatment. If the cough did not clear, the antibiotic was 

continued for a further 4–6 weeks in the first instance61. Improvement in symptoms, shortly 

after the 2-weeks course was detected in 34 of 39 (87.18%) patients: only 5 (all belonging to 

bronchiectasis and with a bacterial load ≥104 cfu/mL group) required a longer treatment for 
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symptom resolution. Evaluation of the long-term outcome was obtained in 32 of 39 the 

antibiotic-treated children: 13 (40.6%) could be classified as “completely asymptomatic” (Visick 

symptom scale 1), 9 (28.1%) as “intermittent symptomatic, without a substantial interference 

on life-style” (Visick symptom scale 2), 6 (18.7%), of which 4 with bronchiectasis, as “recurrent 

symptoms, with substantial interference upon life-style” (Visick symptom scale 3) and 4 

(12.5%), of which 3 with bronchiectasis, as “unsatisfactory result” (Visick symptom scale 4). 

Airways malacia, BAL bacterial load ≥104 CFU/mL and cultures positive for Haemophilus 

influenzae occurred in all children with Visick symptom scale 3 and 4. 

 

4. Discussion 
 

We studied patients referred to our Unit for chronic/recurrent wet cough. Most of the patients 

were previously treated with repeated and short (6-8 days) courses of antibiotic therapy with 

limited and transient clinical benefit.  Our study population underwent routine blood tests and 

various diagnostic procedures when indicated, primarily to rule out noninfectious causes of 

chronic wet cough, but the two main qualifying procedures we performed to evaluate the 

most symptomatic patients were bronchoscopy with BAL and chest CT scan. In pediatric age, 

sputum collection from the lower airways is difficult to perform, even with an induced sputum 

procedure, and video bronchoscopy is an essential diagnostic tool to investigate the presence 

of possible lower airway abnormalities and to assess the cytology and the infectious status of 

the more distant airways through bronchoalveolar lavage63. CT scan of the chest with contrast 

medium was performed whenever indicated by the clinical history and/or video bronchoscopy 

finding. Out of the 71 children in which endoscopy was performed, 38 (53.5%) had evidence of 

bronchial inflammation with mucopurulent secretions and 23 (32.4%) of airway malacia due to 

extrinsic pulsatile airway compression in 19 (26.8%). The presence of an aberrant innominate 

artery (AIA), as the cause of the extrinsic compression, was shown by CT scan in 15 of these 

children. Airway malacia is not a rare condition in the general paediatric population, as 

reported by Boogaard et al.64 In that study, out of total of 512 bronchoscopies performed in 

children with a median age of 4.0 years, 160 cases of airway malacia were detected and 

classified as primary in 136 cases and secondary in 24 cases64. Children with airway malacia 

often have protracted courses of airway infections, because dynamic collapse of the airway 

lumen during coughing results in impaired mucociliary clearance, favouring airway plugging by 

bronchial secretions and,  
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a possible sequence of bronchiectasis formation65. The impaired bronchial clearance with 

persistence of mucus in the bronchial lumen due to airway malacia, can act as a potent trigger 

of chronic airway inflammation, probably through several mechanisms including hypoxic 

epithelial necrosis, retention of inhaled irritants or allergens, and potential 

immunomodulatory effects66. Chronic wet cough, evidence of bronchitis at bronchoscopy and 

airway neutrophilic inflammation are the hallmark of protracted bacterial bronchitis (PBB)49. In 

the first study defining PBB, the Chang AB group reported that trachea-bronchomalacia was 

present in 33% of children with chronic cough and in a further report showed that BAL cultures 

grew Haemophilus influenzae in 47% of samples, Streptococcus pneumoniae in 35% and 

Moraxella catarrhalis in 26%46. In our patient population, out of the 71 children in which 

endoscopy was performed, 38 (53.5%) had evidence of bronchial inflammation with 

mucopurulent secretions. Haemophilus influenza were isolated in 57,8% of the BAL fluids, 

Streptococcus pneumoniae in 18.8% and Moraxella catarrhalis in 10,9%. Moreover, chest CT 

scan showed the presence of bronchiectasis in 30 out of the 79 children. Interestingly, the 

median age at admission was significantly higher in patients with than in those without 

bronchiectasis. Also, the age at symptoms onset and the period between symptom onset and 

diagnosis tended to be longer in the bronchiectasis group, although the differences were not 

statistically significant. That in patients with bronchiectasis lower airway infection tends to 

become chronic and is the real culprit in the development of bronchiectasis is demonstrated by 

BAL cultural examinations, showing that, as compared with the “without bronchiectasis” group, 

the “bronchiectasis group” had a higher percentage of children with airway malacia, associated 

with a bacterial load ≥104 CFU/mL and cultures positive for Haemophilus influenzae. Impaired 

mucociliary clearance in bronchiectasis patients was associated with a higher neutrophil count, a 

higher bacterial load and higher percentage of BAL cultures positive for Haemophilus 

influenzae, higher evidence of airways malacia. These results can only be interpreted as 

evidence that a delayed therapeutic intervention (prolonged antibiotic therapy plus respiratory 

physiotherapy) gives enough time for the "vicious cycle": infection, inflammation, and impaired 

mucociliary clearance, to destroy the integrity of the bronchi and proceed toward the 

development of bronchiectasis67. The aim of antibiotic treatment is to eradicate bacteria and to 

allow regeneration of the epithelium in the absence of infection. However, in children with 

chronic wet cough the airway epithelium is likely to be damaged and impaired mucociliary 

clearance will persist beyond organism clearance. Differing from community acquired 

pneumonia for which 5-7 days’ treatment is usually enough, in chronic wet  
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cough short courses of antibiotics tend to result in only a partial resolution of the cough or a 

cough that will relapse after a few days or weeks off treatment62. In a follow-up study performed 

two 

years after the diagnosis, the Chang AB group found that a great proportion (43.5%) of 161 

PBB children had more than three episodes of bacterial bronchitis per year, 8.1% were 

diagnosed with bronchiectasis and Haemophilus influenzae infection was demonstrated in BAL 

fluid of 85% of children with bronchiectasis and of 49% of children without bronchiectasis50. 

Our follow up data show also that the presence of bronchiectasis at CT scan is an unfavorable 

prognostic factors since this patient group had a higher frequency of airway malacia, positive 

cultures positive for Haemophilus influenzae (p<0.02), and, despite prolonged antibiotic therapy 

cycles, had a less favorable long-term outcome.  

The data collected in our patients may be useful to describe the possible evolutionary transitions 

from one condition to another and the best therapeutic approach in these pediatric patients even 

employing prolonged antibiotic therapies plus respiratory physiotherapy. Protection of the 

airway against respiratory bacteria for a longer period may reduce the risk of recurrence and 

may be protective against bronchial wall degeneration leading to the development of 

bronchiectasis. 
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