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Introduction
Abstract

Chronic cough (CC) is usually defined as one which going on
for longer than four weeks, 1 as cough associated with

Background: Lower airway abnormalities, inflammation and
bacterial infection are frequently described in children with
chronic cough but its frequency in asymptomatic children is
unknown. We report bronchoscopic abnormalities observed
in children with chronic cough and in children undergoing
fiberoptic bronchoscopy for causes other than chronic
cough.

Methods and findings: Retrospective case-control cohort
study. The clinical records of children who had fiberoptic
bronchoscopy for a history of chronic cough between 2008
and 2014 and of control children who required fiberoptic
bronchoscopy for other causes were reviewed.
Bronchoscopic findings and bronchoalveolar lavage results
were assessed. Cases were 50 [27 female, median age 5.5
(0.5-12) years]. Their cough was wet in 37 (74%). Controls
were 29 [12 female, median age 5.6 (0.5-14) years]. Airway
malacia was observed in 25 cases (50%) vs 4 controls (14%)
(p=0.001) and profuse secretions in 22 (44%) vs 6 (21%) (p =
0.03). When bronchoalveolar lavage was performed
relevant organisms were isolated in 18 (45%) cases vs 4
(18%) controls (p=0.03). H influenzae (9), M catarrhalis (4)
and S pneumonia (3) were seen only in cases. Polymerase
chain reaction to viruses was positive in 13 (33%) cases vs 4
(14%) controls (p=0.04). Similar viruses were found in both:
Rhinovirus and Adenovirus.

Conclusions: Airway abnormalities were observed in seven
out of ten cases the commonest one being airway malacia.
It was associated with a higher frequency of positive
cultures mostly for non typable H. influenzae and M.
catarrhalis which were not isolated in controls. Similar
viruses (Rhinovirus and Adenovirus) were found in both
groups, although isolation was more frequent in cases.

uncomplicated acute respiratory infections often resolves within
this time limit. The assessment of children with CC should be
based on current Paediatric Clinical Guidelines [1,2]. The “watch,
wait and review” first step in the 2006 ACCP guidelines 1 is
usually appropriate. Clues of underlying conditions should be
investigated, namely: a history of specific cough, abnormalities
at physical examination, and/or alterations in simple ancillary
tests [3,4]. In some cases the presence of serious underlying
disorders can be suspected and once the patient is referred to a
respiratory specialist a fiberoptic bronchoscopy (FB) can be
considered [5].

Protracted bacterial bronchitis (PBB) and non-specific CC
make up the bulk of diagnosis in children with CC [6]. Non-
specific self-resolving CC is largely an exclusion diagnosis, it’s
likely cause being post-infectious in most instances. Cough-
variant asthma, that is cough as the sole manifestation of
bronchial asthma, and gastroesophageal reflux, which are
common causes in adults, are not so to the same extent in
children [6].

PBB is the most common cause of specific CC in children.
Recent Clinical Guidelines, [7] and evidence systematic reviews
[8] no longer require a positive bronchoalveolar lavage (BAL)
result to diagnose PBB, which can be made in the face of cough
resolution following an antibiotic course and no evidence of
another origin of CC being sufficient. Its natural history and
long/term outcome is largely unknown. In some cases, as
proposed by the "vicious circle hypothesis", defective
mucocilliary clearance combined with chronic neutrophils-
dominated inflammation may lead to progressive airways
damage and bronchiectasis [9]. A high prevalence of medium
and lower airways malacia has been reported in such cases

Keywords: Respiratory ~ system  abnormalities; [10,11]. Airways malacia can put patients at risk of suffering
tracheobronchomalacia; bronchoalveolar lavage; respiratory protracted bronchitis and ultimately developing bronchiectasis
tracts infections by interfering with pivotal pulmonary defense mechanisms like

mucus clearance and effective coughing [12]. The scarcity of
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reports of bronchoscopic findings in control healthy children
because of the ethical difficulties for performing invasive
procedures in this population prevents comparing their
incidence of malacia with that found in children with CC.

The aim of our study was to describe bronchoscopic
abnormalities observed in children with chronic cough and in
children undergoing fiberoptic bronchoscopy for causes other
than chronic cough.

Materials and Methods

Both clinical records and FB findings in children who had CC
without any known underlying condition referred for
assessment to the Paediatric Pulmonology Outpatient Clinics at
a Tertiary Teaching Hospital in whom FB was indicated since
2008 through 2014 were reviewed. The management of the
patients was based on current Pediatrics Guidelines on CC [1,2].
Children with known concomitant chronic lung, or complex
congenital heart disease, or relevant neurologic or
developmental disorders were excluded. A control group of
children without a history of CC who had FB for other causes
over the same time span and fulfilled the same exclusion criteria
were also studied. This study was approved for its publication by
the Clinical Research and Ethics Committee at Cruces Hospital
University.

Study process

Patient’s age, sex, clinical history, cough characteristics and
duration, associated diagnosis, ancillary tests results, and FB and
BAL findings were all recorded. Additionally, the total number of
all performed FB procedures since 2008 through 2014 were
collected. FB (Olympus Video bronchoscope) was performed on
a scheduled basis, on spontaneous breathing under analgesia,
sedation and local anesthesia at the Intensive Care Unit. The
bronchoscopic technique used was the same in both groups.
Images were video recorded and reviewed later on. BALs were
performed following the European Respiratory Society
Guidelines [13]. Samples were shipped to the Laboratory for
Gram staining, and counting of any bacteria colony forming units
(CFU). CFU = 104 cc was considered as reflecting endobronchial
infection. Any growth of normal oropharyngeal organisms was
disregarded. Respiratory viruses were investigated by
polymerase chain reaction (PCR) and BAL culture.

Definitions
CC: Cough lasting for longer than 4 weeks.

CC characteristics - as described by parents and observed at
the office: wet (“shifting” or producing secretions), dry (no
secretions-shifting sound), “brassy" (metallic sound typical of
laryngotracheal cough).

PBB: (1) the presence of isolated chronic wet/moist cough, (2)
resolution of cough with antimicrobial treatment, and (3)
absence of pointers suggestive of an alternative specific cause of
cough.
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Airways malacia: Over 70% (severe if > 90%) airway lumen
dynamic expiratory collapse either on spontaneous breathing or
during coughing while no aspiration was being applied.

Bronchial stenosis: fixed bronchial
compared with neighbouring bronchi.

lumen narrowing as

Bronchial inflammation signs (bronchitis): Abnormal amount
of secretions.

Statistical analyses

Children were split into two groups: with or without CC as
defined above. PSS for Windows, version 11.0 (SPSS Inc.,
Chicago, IL, USA) was used. Numeric variables were described as
mean and median and categories as frequencies and
percentages. Chi square, Student's t test and Mann Whitney
tests, when appropriate were used to assess differences
between groups; p values <0.05 were considered significant.
Sensitivity and specificity of chronic wet cough for the finding of
bronchial secretions and of chronic brassy cough for malacia
were calculated.

Results

Fifty (27 female) children with CC, median age 5.5 (0.5-12)
years, had FB on a scheduled basis since 2007 through 2014
making up 8.4% of all performed FB. Their cough was wet in 37
(74%), brassy in 7 (14%), and dry in 6 (12%). It had been going
on for 16 months (1-120), exceeding 6 months in 44 (88%).
Thirteen (26%) had had previously recurrent pneumoniae. Ten
(20%) had abnormal chest X-ray and/or chest CT scan: 3 (6%)
subsegmental atelectasis, 2 (4%) cylindrical bronchiectasis, 2(4
%) segmental bronchial stenosis and one each: lung
hyperinflation, mosaic pattern of hyperlucency, and aberrant
subclavia artery. Four out of eighteen (22%) old enough to
collaborate at spirometry, had an abnormal ventilator pattern:
restrictive, mixed or flattening of forced flow-volume loops.

Thirty (60%) had structural airways abnormalities (SAA) at FB:
lower airways malacia 25 (50%) (Figures 1a and 1b) [9 (36%)
tracheomalacia, 9 (36%) tracheobronchomalacia, and 6 (24%)
bronchomalacia], segmental bronchial stenosis 5 (10%) and
miscellaneous 5 (10%): inflammatory bronchial granulomas 2
(4%), tracheal stenosis and tracheal bronchus,
tracheobronchomegalia, and lingual tonsils hypertrophy. Malacia
was severe in 13 (52%). BAL was performed in 40 (80%). Twenty-
one relevant organisms were identified in 18 children (45%):
non-typable Haemophilus influenzae (11), Moraxella catarrhalis
(4), Streptococcus pneumoniae (3), non-mucoid Pseudomonas
aeruginosa (2) and Staphylococcus aureus. PCR to one or several
respiratory viruses was positive in 13 (32.5%): Rhinovirus (7),
Adenovirus (5), RSV (4), Parainfluenza (2), and one each:
Bocavirus, Metapneumovirus, Coronavirus, and Influenza virus.
Seven (54%) of those with a respiratory viruses positive PCR had
concomitant bacterial infection. Children with positive BAL
bacterial culture had more frequently SAA (50% vs 9%, p=0.000)
[lower airways malacia 59% vs 28%, p=0.02] and evidence of
increased bronchial secretions at FB (76% vs 24%, p= 0.00). A
history of chronic wet cough had 83% sensitivity but only 37%
specificity for the finding of increased bronchial secretions at FB,
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and 72% sensitivity and 33% specificity for a positive BAL
bacterial culture. A history of chronic brassy cough had only 25%
sensitivity but 90% specificity for lower airways malacia. Two out
of six (33%) with a history of dry cough had SAA (one each
bronchomalacia and lingual tonsils hypertrophy).

Controls were 29 children (12 female) [aged 5.6 year (0.5-14)].
Twenty-one (72%) had FB in the course of a hospital admission
and eight (28%) were scheduled from outpatient clinics. Twenty-
one (72%) had pneumonia poorly responsive to therapy, five
(17%) not confirmed suspected endobronchial foreign body
inhalation and one each hemoptysis, massive atelectasis and
pulmonary hemorrhage. Sixteen (55%) had underlying
oncological conditions. Six (20%) had lower airways
abnormalities at FB: malacia 4 (14%) [tracheobronchomalacia
and bronchomalacia (3)], bronchial stenosis 3 (10%) (1had
associated bronchomalacia). Six (21%) had evidence of
bronchitis (3 of them with associated bronchomalacia). BAL was
performed in 22 (76%) and three potentially relevant organisms
were grown in 4 (18%): Pneumocystiis jirovecii (2), Streptococcus
mitis, and Streptococcus oralis. PCR to one or several respiratory
viruses was positive in 4 (18%): Rhinovirus (3) y Adenovirus. Two
of those with respiratory viruses positive PCR had concomitant
bacterial infection. Differences between groups are shown on
Table 1.

Cases Controls P
Total number (femela) 50 (27) 29 (12)
Median age (years) 5.5(0.5-12) 5.6 (0.5-14) ns
Airways abnormalities 30 (60) 6 (20) 0.001
Lower airway malacia 25 (50) 4 (14) 0.001
Segmental bronchial stenosis 5 (10) 3(10) ns
Other abnormalities

5(10)
Brochitis 22 (44) 6(21) 0.03
Bacterial isolation 18 (45) 4 (18) 0.03
Viruses isolation (PCR) 13 (32) 4 (14) 0.04

Table 1: Patients and bronchoscopic findings.

© Under License of Creative Commons Attribution 3.0 License
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Figure 1: (a) Right main bronchus bronchomalacia both at
inspiration and (b) expiration in a ten-year-old girl with
recurrent chronic brassy cough (occasionally wet) from the
preschool period.
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Discussion

Unlike adults with CC in whom FB has not been shown to be
useful [14]. FB should be considered in selected pediatric
patients once non-invasive approaches have failed to establish
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diagnosis, in order to examine airways patency and structure,
and obtain biological samples for microbiology and
inflammatory pattern investigations. 5 Its precise indications can
vary among centres depending on the individual diagnosis
algorithms used. As a whole, our cases accounted for 8.4% of all
FB performed during the same time span, a figure slightly lower
than that reported by De Blic et al. (11.6%) in a large pediatric
cohort [15].

Nine out of every ten had had either a wet or brassy cough for
longer than six months, one out every three had either imaging
or pulmonary function tests abnormalities, and one out of every
four had had recurrent pneumonia. Dry CC is often non-specific
and of post-infectious origin, commonly resolving spontaneously
and it is seldom an indication for FB [16]. Still cases with chronic
dry cough amounted to 12% of all having FB and in two
associated SAA were observed.

Conversely reported chronic wet/productive cough is a good
marker for endobronchial neutrophils-dominated inflammation
and infection [17,18]. It was reported in seven out of ten of our
cases, and showed high sensitivity (83%) for inflammatory signs
at FB and, to a lesser extent (72%), for endobronchial bacterial
infection.

BAL was performed in eight out of every ten, and relevant
pathogenic organisms were recovered in 45% of cases, its
frequency being far higher than in controls. The three species
more frequently causing chronic respiratory infections
comprised eighty percent of the isolates. Non-capsulate
Haemophilus influenzae, Moraxella catarrhalis, and
Streptococcus pneumonia all are common nasopharynx
colonizers. They were not isolated in controls. Bacterial growth
in BAL samples correlated with evidence of endobronchial
inflammation as previously reported [18,19]. Whether recurrent
protracted episodes of endobronchial infection can give rise to
chronic suppurative pulmonary disease and ultimately
bronchiectasis remains to be determined [19]. Only two (4.7%)
of our patients had evidence of bronchiectasis. Still it should be
born in mind that progresssion to bronchiectasis may take years
or even decades.

Respiratory viruses were identified in one out of three cases
including half of those with a positive bacterial culture. Although
isolation was more frequent in this group than in the controls,
similar viruses found in both: Rhinovirus and Adenovirus.
Respiratory viruses in addition to their pathogenic effect can
enhance bacterial adhesion to bronchial epithelial, and interfere
with bacterial killing [20] Rhinoviruses was the commonest
species as reported by others. Rhinovirus replication and
persistence has been reported in some chronic diseases, as
dilated cardiomiopathy, and correlated with poor outcome [21]
Adenovirus followed rhinovirus in frequency. Its association with
PBB and its possible role in its pathogenesis has been previously
reported [22].

Lower airways malacia was the commonest abnormality
found and its frequency was far higher than that observed in our
control group. As there are no precise objective diagnostic
criteria for these conditions to be used in everyday clinical
practice, we have relied on the comparatively subjective
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assessment of a moderate or severe (over 70%) collapse of the
airways lumen, in order to disregard borderline cases. Our
observed prevalence is close to that reported by Kompare et al
in children with PBB. 12 Eight out ten of those with lower
airways malacia had tracheal or tracheobronchial involvement.
Wourzel et al 23 found a high prevalence (68%) of lower airways
malacia in a prospective study in children with PBB, and in a
control group (53%) of children with chronic respiratory
symptoms and high prevalence of endobronchial infection. Our
control group was composed by children without a history of CC
but who required FB by acute respiratory symptoms. Their
prevalence of lower airways was significantly lower with just one
having tracheomalacia.

It is remarkable that one out every ten observed SAA were
other than lower airways malacia and were not observed in
controls. While other tracheal abnormalities [stenosis and
tracheal bronchus, and trachebronchomegaly and lingual tonsils
hypertrophy impinging on the epiglottis is rarely cause of chronic
cough in children, as a whole their prevalence was not
negligible, and they are probably underdiagnosed.

Children with SAA had more frequently inflammatory findings
at FB and endobronchial infection, and a sizeable subgroup had
a history of recurrent pneumonia, both suggesting likely long
lasting airways infection-inflammation. Bronchial granulomas
and segmental bronchial stenosis are often secondary to
protracted inflammation. On the contrary airways malacia, while
sometimes especially when segmental bronchi are involved
might be secondary to chronic inflammation [23] it is mostly
thought to be a primary cause of chronic airways inflammation,
ineffective coughing and disturbed mucus clearance contributing
to perpetuating chronic endobronchial infection-inflammation
(12]

Our study, being retrospective, has major limitations. While
for the management of the patients we followed standard
Paediatric Clinical Guidelines [1,2] we lacked a written protocol.
A lot of patients, mainly in control group, were on treatment or
prophylactic antibiotics prior to FB so we cannot estimate their
potential impact on BAL culture and the presence of
inflammatory signs.

We conclude that FB in selected children with CC had a high
yield as structural abnormalities were observed in seven out of
ten the commonest one being lower airways malacia, mostly
tracheomalacia. Its incidence was in keeping with that previously
reported and far higher than that observed in the control group.
It was associated with endobronchial infection with H.
influenzae, M.catarrhalis or S. pneumonia. These organisms
were not isolated in controls. Similar viruses (Rhinovirus and
Adenovirus) were found in both groups although isolation was
more frequent in cases. Important research questions remain to
be answered about biological susceptibility factors, including the
role of airway malacia and the pathobiologic mechanisms of
virus-induced episodes.
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