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Cough may be the first overt sign of disease of the airways or lungs when it represents more than a defense mech-
anism, and may by its persistence become a helpful pointer of potential disease for both patient and physician. On
the other hand, impairment or absence of the coughing mechanism can be harmful and even fatal; this is why
cough suppression is rarely indicated in childhood. Pediatricians are concerned more with the etiology of the
cough and making the right diagnosis. Whereas chronic cough in adults has been universally defined as a
cough that lasts more than 8 weeks, in childhood, different timing has been reported. Many reasons support de-
fining a cough that lasts more than 4 weeks in preschool children as chronic, however; and this is particularly
true when the cough is wet. During childhood, the respiratory tract and nervous system undergo a series of
anatomical and physiological maturation processes that influence the cough reflex. In addition, immunological
response undergoes developmental and memorial processes that make infection and congenital abnormalities
the overwhelming causes of cough in preschool children. Cough in children should be treated on the basis of
etiology, and there is no evidence in support of the use of medication for symptomatic cough relief or adopting
empirical approaches. Most cases of chronic cough in preschool age are caused by protracted bacterial bronchitis,
tracheobronchomalacia, foreign body aspiration, post-infectious cough or some combination of these. Other
causes of chronic cough, such as bronchiectasis, asthma, gastroesophageal reflux, and upper respiratory syn-
drome appear to be less frequent in this age group. The prevalence of each depends on the population in consid-
eration, the epidemiology of infectious diseases, socioeconomic aspects, and the local health system.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Impairment or absence of the coughing mechanism can be harmful
and even fatal in disease. On the other hand, cough may be the first

Coughing is a reflex-evoked modification of normal breathing pat-
terns [1]. Cough reflex is a multifaceted, precisely timed, neuromuscular
phenomenon characterized by the precise concurrent and sequential
coordination of the activation patterns of the diaphragm, various mus-
cle groups of the chest wall, cervical muscles, abdominal muscles, laryn-
geal abductor and adductor muscles, and medullary and higher cortical
regions of the brain [2-4].

Cough is a symptom that has been experienced by every human and
is an essential protective and defensive act whose action secures the re-
moval of mucus, noxious substances and infections from the larynx, tra-
chea and larger bronchi. Coughing is the most efficient mechanism for
clearing the upper airways, and can be considered to be an innate
built-in defense mechanism [5].
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overt sign of disease of the airways or lungs when it represents more
than a defense mechanism, and by its persistence may become a helpful
pointer of potential disease for both patient and physician. Nearly all con-
ditions affecting the respiratory system and some extra-pulmonary con-
ditions may cause cough, but the physician's main concern is ruling out
the presence of more serious conditions that require prompt treatment
[6].

The major aim of managing a patient presenting a cough is to iden-
tify and then treat its cause. Cough may indicate anything from the most
trivial to very serious airway or lung pathology.

As cough is audible and can intensely interfere with the quality of life,
it is not surprising that parents are often anxious about their children's
cough and often seek medical advice and remedy. Parental concerns
may differ significantly from physicians' concerns. Physicians are usually
concerned with the etiology of cough and making the right diagnosis. Pa-
rental concerns, however, often regard their perceived effects of cough on
their child (sleep, choking or permanent chest damage) [6].

Cough has three defining features: an initial deep breath, a brief
powerful expiratory effort against a closed glottis, and the opening of
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the glottis with closure of the nasopharynx and vigorous expiration
through the mouth. Within this definition there are several variants.

Cough is a complex motor act, and its different components, fre-
quency, effort (intensity), and the balance between inspiratory and ex-
piratory components reveal various regulatory processes that are often
neglected [7-9]. Cough sound is due to the vibration of larger airways
and laryngeal structures during turbulent flow in expiration. Airway
structure, rheological properties of the mucus, and the shearing of the
secretions from the airways influence cough sound. The sensitivity of
the cough reflex varies with age and gender [10].

2. When is cough chronic? 4 is better than 8

Whereas chronic cough in adults has been universally defined as
a cough that lasts more than 8 weeks, different timing has been re-
ported for children. Both American [11] and Australia/New Zealand
[12] guidelines classify chronic cough as lasting >4 weeks but the
British Thoracic Society [13] uses a duration of >8 weeks. The dura-
tions used in other European countries vary. The Belgians, for exam-
ple, define prolonged cough as a daily cough that lasts longer than
three weeks [14].

Many reasons support defining a cough that lasts more than
4 weeks as chronic in preschool children, however; and this is particu-
larly true when the cough is wet. During childhood, the respiratory tract
and nervous system undergo a series of anatomical and physiological
maturation processes that influence cough reflex. In addition, immuno-
logical response undergoes developmental and memorial processes
that make infection the overwhelming cause of cough in preschool chil-
dren. Moreover, children are more vulnerable to various environmental
factors [15]. The thinking behind the decision to include an intermedi-
ate time zone defined as “prolonged acute cough” is to allow a period
for cough resolution for the 10% of normal children who are still
coughing due to a simple cold [16]. Delaying diagnosis and treatment
in children may lead to damage, such as in the case of PBB or foreign
bodies [17,18]. A “wait and watch” period may therefore delay
necessary intervention. In favor of this is the recent study demonstrat-
ing that only 20% of cases of children classified as having a chronic
cough >4 wks resolved spontaneously, whereas others had a specific
cause [19,20]. The remaining 80% of children required further care,
and this suggests that primary care pediatricians should consider
starting investigations earlier. Further support for a 4-week definition
of chronic cough includes the known natural history of cough in pre-
school children [21].

Physiologically, there are similarities and significant differences be-
tween adults and children [15]. Expectedly, the etiologies and manage-
ment of cough in a child differ from those used for adults. Cough in
children should be treated on the basis of etiology and no evidence sup-
ports the use of medication for symptomatic cough relief or an empirical
approach based on the big three adult etiologies: GERD, asthma, and
upper airway syndrome [22]. Regardless of setting and age, children
with chronic cough should be evaluated carefully using children-
specific protocols. Knowledge of the patho-physiology of the different
conditions that cause chronic cough is vital to making a correct diagnosis
and prescribing successful treatment. Table 1 shows the major causes of
chronic cough during childhood. The prevalence of each depends on the
population in consideration, the epidemiology of infectious diseases,
age, and the local health system.

Chronic cough in preschool children may be a source of concern that
requires extensive differential diagnosis, even if in most cases it is caused
by protracted bacterial bronchitis, tracheobronchomalacia, foreign body
aspiration, post-infectious cough or some combination of the above. As
documented in many reviews or guidelines [11-14], other causes of
chronic cough, such as bronchiectasis, asthma, gastroesophageal reflux,
and upper respiratory syndrome appear to be less frequent in this age
group.

Table 1
Age-related prevalence of causes of chronic cough. Abbreviations: (—) rarely occurs;
(4/—) occasionally occurs; (+) occurs; (++) frequently occurs.

Causes Preschool School Adults
children children
Airway infection ++ + +
Airway anomalies (predominantly ++ + +
tracheobronchomalacia)

Foreign body ++ + +
PBB ++ +/— -
Upper airway syndrome + + ++
GERD + + ++
Asthma + + ++
Eosinophilic inflammation + + ++
Vocal cord dysfunction - + +
Psychological and tic cough — + +

3. Protracted bacterial bronchitis

In recent years, increasing attention has been focused on PBB as the
major cause of chronic wet cough in children [20,23-27]. These studies
have shown its prevalence at preschool age to be nearly total. The mi-
crobial species responsible for the vast majority of cases are bacterial
species Streptococcus pneumoniae, non-typeable Haemophilus influenzae
(NTHi), and Moraxella catarrhalis. In healthy neonates, Bisgaard et al. re-
ported a 21% to 71% increase in hypopharynx bacterial colonization
with S. pneumoniae, H. influenzae and M. catarrhalis during the first
12 months of life [28]. Several mechanisms could be involved in the
later migration and colonization of these agents in the lower airways.
Among such processes, anatomical and immunological immaturity
[15,29-33], modifications at the laryngeal crossroad [33,34], airway
malacia [26,35], and nutrition [36] may be reasonably postulated as
playing key roles. Nasopharynx flora composition is influenced not
only by age but also by socio-economic settings [37]. As with otitis
media, these pathogens could to be co-associated as polymicrobial
biofilm complexes in which combinations of pathogens enhance dis-
ease or predispose the host to colonization by co-infecting microbes
[38]. Instead of considering infection as a defined host-pathogen re-
lationship, it should rather be envisioned as a spectrum of host-mi-
crobe pathogenic mechanisms, microbe-microbe interactions, host
immunity-mediated antimicrobial defenses, and environmental fac-
tors. Imbalances in any arm of this interdependent disease continuum
may significantly affect disease outcomes [39]. Upper respiratory viral
infections predispose the host to bacterial infection and enhance bacte-
rial adherence to cell surfaces [40-43]. Moreover, pre-infection with
various viruses changes the physiological properties of infected airways,
and modulates innate and adaptive immune responses [44,45]. Alter-
ations in immuno-response in children with PBB have been reported
[46,47]. Impaired mucociliary clearance, especially after viral or bacteri-
al infections [48-50], seems to be a significant risk factor for the estab-
lishment of bacterial colonization. Immunized children with PVC are
highly unlikely to be infected with vaccine S. pneumoniae serotypes
[51]. Based on recent knowledge, the term “persist” rather than
“protracted” seems to be more descriptive of the disease [23,52]. Treat-
ment of PBB is based on long-term use of antibiotics, and initial studies
adopted a period of from 2 weeks to months [19,23,24]. In a recent, ran-
domized controlled trial, however, Marchant et al. reported successful
resolution in a significant number of children with PBB after a 2-week
course of twice-daily oral amoxicillin clavulanate (22.5 mg/kg/dose)
[53]. We routinely employ higher doses 80-90 mg/Kg/day divided
q8hr for a period of 2-4 weeks. Table 2 reports the clinical profile of
children with protracted bacterial bronchitis.

While not usually life threatening in the short term, colonization of
the airways is responsible for considerable and often unrecognized
morbidity, such as bronchiectasis [17,54-56]. Research in the past de-
cade has produced exciting new observations on the important role of
bacterial infections in chronic obstructive pulmonary disease (COPD)
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Table 2
Clinical profile of protracted bacterial bronchitis from reference [19].

Clinical profile of protracted bacterial bronchitis

Young children <5 yrs

Chronic wet cough

Minimal or non-specific systemic effects (attributed to disturbed sleep and infection).
Systemic symptoms usually improve before the cough resolves when appropriate
treatment is commenced.

Misdiagnosis of asthma (night time cough)/may co-exist with asthma and therefore
does not respond to bronchodilators.

Significant morbidity and multiple medical visits

Resolves after a prolonged course of appropriate antibiotics
After a typical course of antibiotics (5-7 days), cough either relapses
within 2-3 days or slightly subsides but does not resolve completely.

Slow recovery

[57]. Although the associations between lower respiratory tract infec-
tion during the major period of postnatal growth and impaired lung
function in adulthood are now well established, there is ongoing debate
whether this association reflects a cause-effect relationship. An alterna-
tive explanation for the observed association is that an impaired lung
growth antedates the respiratory tract infection, with the infectious ep-
isode as a result of the vulnerability of smaller lungs to infection [57].
Further studies are warranted to investigate whether protracted bacte-
rial bronchitis is a risk factor for developing COPD.

4. Tracheobronchomalacia

Tracheobronchomalacia (TBM) is a condition characterized by ex-
cessive airway collapsibility caused by weakness of the airway walls
and supporting cartilage, as well as by the increased flaccidity of the
membranous portion of the central airways [58,59]. This disease may
either arise congenitally (from disorders associated with impaired
cartilage maturation or in combination with other anomalies like
tracheoesophageal fistula) or it may be acquired from prior intubation,
trauma, infection, long-standing extrinsic compression, or chronic in-
flammation [60]. Carden et al. have reported numerous diseases associ-
ated with congenital (primary) and acquired (secondary) TBM [61].
TBM is the most common congenital anomaly of the central airways.
In addition, flaccidity and abnormal compliance of the airway can be
focal or diffuse. Most pediatric TBM is localized [62]. Most cases of
TBM are intrathoracic and are therefore present during expiratory ma-
neuvers. In comparison, extrathoracic or cervical TBM is less common
and is present during inspiration. The incidence of TBM disorders is
thought to range between 1:1500 and 1:2500 children [61]. Despite
this relatively low incidence, these lesions are encountered commonly
in pediatric bronchoscopic practice, particularly when investigating
wheezing, chronic cough and “rattly” conditions, especially in associa-
tion with congenital heart disease and syndromic conditions [62-64].
TBM has been reported in up to 15% of infants and 30% of children youn-
ger than 3 years old who had undergone bronchoscopic evaluation for
respiratory distress [65-69]. With the emergence of sophisticated neo-
natal pediatric respiratory care in the last 10 years, a growing number
of premature infants with TBM are surviving.

Because TBM symptoms are nonspecific and overlap with other pul-
monary disorders, clinical diagnosis is difficult. Clinical signs of TBM are
reported in Table 3. The characteristic cough is a seal-like bark, presum-
ably the result of expiratory collapse and vibration of the floppy membra-
nous wall against the anterior airway wall [70]. During the explosive
expiratory phase of cough, high intra-pleural pressure causes the dynam-
ic compression of the central airways and results in increased linear ve-
locity that aids the proximal clearance of airway secretions and debris.
The cross sectional area of the trachea may be reduced by up to 80%
[71,72]. In subjects with tracheomalacia, the instability of the tracheal
wall is such that the more marked dynamic compression of the trachea
during coughing that ensues may impair rather than enhance the cough's
efficiency to clear mucus, and this produces the characteristic brassy

sound of the cough. Chang et al. have shown that an unusual quality of
cough, such as a vibratory or brassy cough, has high levels of association
with bronchoscopically-proven malacia [73]. In addition, several studies
have demonstrated that a high percentage of children with PBB also
have TBM as well [19,23-27].

This diagnosis should be considered in children who have persistent
or protracted recurrent airway symptoms ( persistent or recurrent “wet”
cough, unusual cough, expiratory stridor, wheeze, rattling or rattly res-
piration, dyspnea/respiratory distress), recurrent protracted bacterial
bronchitis, pneumonia (particularly with atypical radiographic features
such as persistent or recurrent collapse), localized gas trapping, and un-
usual radiographic densities [35,74]. Suspicion of this diagnosis should
also be increased in children who have syndromes involving cardiac
disorders, tracheoesophageal fistula, bronchopulmonary dysplasia, per-
sistent wheezing including “happy wheezers”, and all those who have
undergone prolonged intubation or tracheotomy [61,74,75]. All children
in whom the diagnosis is suspected should have simple radiographic as-
sessments, even if some may require bronchoscopic assessment and
more invasive and detailed radiographic assessment, such as a contrast
swallow, CT scanning or MRI [61,76].

The management of TBM disorders is essentially based on expert
opinion derived from anecdotal experience. The treatment of TBM is tai-
lored to the child's age, the severity and distribution of malacia, symp-
tom severity, and the presence of extrinsic airway compression [65].
Management details are reported in several reviews [61,72,74].

5. Foreign body aspiration

Retained inhaled foreign body (FB) is most commonly seen in young
children between 0 and 3 years of age [77]. Food, particularly nuts and
seeds, may be the cause of obstruction in children who have incomplete
dentition (lack of cuspid molars) or those who simply do not chew their
food well because of immature swallowing coordination or the tenden-
cy to be easily distracted when eating (e.g. playing, running or laughing)
[77-79]. Data gathered from scientific literature on FB injuries in high-
income countries indicated that among organic FB, nuts seem to be
the cause of the injury in 40% of the cases and seeds in 20%. Among in-
organic FB instead, the greatest pooled proportion (34%) has been
recorded for magnets, followed by toys (12%) and batteries (12%) [79].
This diagnosis should be suspected if there is a history of choking
followed by prolonged cough and non-resolving pneumonia. The yield
from physical examination and radiological studies in the diagnosis of
FB aspiration is relatively low but is increased when the presentation

Table 3
Clinical signs of tracheobronchomalacia, modified from reference [61].

Clinical signs of pediatric tracheobronchomalacia

Stridor

Seal-like bark or unusual cough (parents are able to identify their child by solely
hearing the cough)

Respiratory distress

Wheeze (usually central and localized, low-pitched, homophonous, modifies in the
prone position and unchanged or worsen after beta-agonists)

Anoxic spells

Cyanosis

Bradycardia

Tachyarrhythmias

Spontaneous hyperextension of the neck

Feeding difficulties (dysphagia, regurgitation, intermittent respiratory obstruction,
arterial desaturation or cyanosis during feeding)

Prolonged expiratory phase

Breath-holding spells

Failure to thrive

Increased work of breathing

Sternal, substernal, and intercostal retractions

Recurrent pulmonary infections (increased initial severity and slower recovery)

Reflex apnea

Respiratory or cardiac arrest
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is delayed and when history is doubtful [79]. Delayed diagnosis may be
related to an unobserved aspiration event or lack of physician aware-
ness and has serious consequences, such as chronic cough, recurrent
pneumonias and eventually localized areas of bronchiectasis. The im-
mediate management is endoscopic removal of the foreign body, and
this should be performed wherever there is parental or clinical suspi-
cion [16,80]. The key clinical diagnostic feature is the penetration syn-
drome corresponding to respiratory defense reflexes (expulsive cough
and laryngeal spasm) in response to penetration by a foreign body.
Although the penetration syndrome consists of elements of asphyxia
with cyanosis associated with coughing fits, it can also be clinically
silent in 12 to 25% of cases [81-83]. Symptoms may vary considerably
according to the site of the FB in the airways. When the FB is trapped
in the larynx or trachea, this diagnosis is immediately suggested by
respiratory distress or stridor. In the vast majority of cases (75 to 94%
of cases) however, the FB migrates to the bronchi, and clinical signs
are much less constant [81,84-86]. The positive diagnosis of bronchial
FB can therefore be difficult in the presence of few or no symptoms.

The relative sensitivity, specificity, positive predictive value, and
negative predictive values of children with aspirated FB who typically
present symptoms of coughing, dyspnea, wheezing, cyanosis, or stridor,
were recently reported in a literature review [87].

A suggestive history is important in diagnosing an aspirated object
because it is often difficult to make a definitive diagnosis on the basis
of an abnormal physical examination or radiological studies alone. The
work-up of the stable patient should include a chest radiograph to as-
sess other potential causes of symptoms, identify a radio-opaque FB,
or detect the position of the FB on the basis of localized emphysema
and air-trapping, atelectasis, infiltrate, or mediastinal shift.

Thoracic computed tomography (CT) and virtual bronchoscopy—a
reformatted 3-dimensional CT image that generates intra-luminal
views of the airway to the sixth and seventh generation bronchi—are
emerging as new ways to diagnose tracheobronchial FB in children
[87,88].

6. Post-infectious cough

While the pathogenesis of the post-infectious cough is still
unknown, it has been thought to be due to the extensive disruption of
epithelial integrity and widespread airway inflammation of the upper
and/or lower airways [89]. The specific infection causing post-
infectious cough in children remains unidentified in most cases. Respi-
ratory viruses (particularly respiratory syncytial virus, influenza, para-
influenza, and adenovirus), Mycoplasma pneumoniae, Chlamydophila
pneumoniae and Bordetella pertussis have all been implicated. Transient
inflammation of the lower airways is likely to be important in patho-
genesis in some patients with post-infectious cough. This speculation
is based on the fact that cough may be induced by the enhanced respon-
siveness of the cough receptors [90], alterations in mucociliary clear-
ance, and prolonged ciliary repair or increased mucus secretion [91].
Post-infectious cough is self-limited, usually resolves in time [92], and
appears to be a tail end of infection.

In children, co-infection with more than one organism can occur,
and this can increase the period of paroxysmal coughing [93]. Prolonged
cough after Chlamydophila and Mycoplasma infections may also be quite
common. A duration of cough of >21 days in young children following
pneumonia with these organisms has been found in 57% and 28% of pa-
tients, respectively [89,93].

Wang et al. recently demonstrated that cough duration in children
with positive M. pneumoniae serology (median: 39 days, 95% CI: 24-54)
was significantly shorter than in children with positive pertussis serology
(median: 118 days, 95% CI: 82-154, P < 0.001) [94]. M. pneumoniae and/
or C. pneumoniae play a significant role in community-acquired LRTIs in
children of all ages, even in preschool age, and may have different clinical
presentation compared to older children [95-97].

At least one third of children who initially have a treated empyema
are still coughing by 4 weeks, whereas one quarter are still coughing
at 6 months, and around 3% at 12 months. Some of these patients
have prolonged cough due to residual disease and as a result benefit
from a prolonged course of antibiotics of 1-4 weeks from discharge or
longer [16,98,99].

Respiratory viral infection is an important cause of morbidity and
mortality in early life. The disease observed in children is composed of
both a virus- and an immune-mediated component. The relative contri-
butions of these two factors vary among individuals and are influenced
by infecting virus host genetics and age [100]. Viral infections are very
frequent in preschool children currently attending day care or exposed
to environmental irritants, such as tobacco smoke [101-103]. Some vi-
ruses induce a prolonged coughing phase; Ryan et al. reported chronic
cough following H1N1 infection in 43% of patients. These subjects
displayed increased cough reflex sensitivity up to 220 days after con-
firmed infection [104].

Viruses are also responsible for the recruitment of a number of in-
flammatory cells to the airway and the production of a series of inflam-
matory cytokines. These inflammatory mediators and/or alterations in
airway pH may activate certain receptors on afferent sensory nerves
such as transient receptor potential vanilloid (TRPV-1) receptors and
acid-sensing ion channel receptors [105]. Recent discoveries in signal-
ing pathways mediating cough provide the basis to further our mecha-
nistic understanding of how viral infection increases cough sensitivity.
Experimental studies in animal models have shown that infection of
guinea pigs with Sendai virus increased afferent neurons from the tra-
chea and that this resolves in convalescence [106]. Total increase in
tachykinin levels in the lung and expression of NK-1 receptor further
amplify virus induced neuro-stimulatory signals [107]. This effect
was shown in young rats to be dependent on Nerve Growth Factors
(NGF). Piedimonte et al. demonstrated that RSV causes a persistent
increase in the susceptibility of the respiratory tract to the pro-
inflammatory effects of sensory nerves, which is still present after
the acute phase [108]. These authors demonstrated that sensory in-
nervation in the airways undergoes remodeling after an acute RSV
infection, probably due to the up-regulation of NGF. NGF is a key reg-
ulatory element that controls the expression of genes encoding the
precursors of SP and other peptide neurotransmitters in sensory
neurons. Using plethysmography, Ye et al. demonstrated an increase
in cough reflex sensitivity in guinea pigs caused by para-influenza
virus type 3 infection [109].

Several members of the Transient Receptor Potential (TRP) super-
family of ion channels are expressed on sensory neurons [110]. Re-
cently, ion channels of the TRP class, TRPA1 and TRPV1, have been im-
plicated in the afferent sensory loop of the cough reflex and in the
heightened cough sensitivity seen in disease [111]. Bradykinin plays
a role in the initiation of cough during B. pertussis infection. Many ef-
fects triggered by these gram-negative bacteria are likely to drive in-
creased bradykinin production [112]. Bradykinin has been shown to
induce coughing in humans and animals and to sensitize the cough
reflex to activation by other tussive irritants via activation of their as-
sociated G-protein coupled receptors [110]. TRPV1 channel involve-
ment in the bradykinin-induced increase in the excitability of these
sensory neurons has been reported in several recent studies [113].
Understanding the mechanisms provoking virus-induced cough hy-
persensitivity will likely offer significant opportunities for improved
management.

In many respiratory infections, cough is often the last symptom to
disappear. Children aged 2 to 5 may have 4 to 10 episodes of respiratory
infection, especially if they attend day care. Persistent coughing after
each bout may thus blend seamlessly into the next infection and this
may be reported erroneously as chronic cough. A careful history and in-
quiry on the timing of coughing bouts are helpful in differential diagno-
sis. Observation of cough waning after the child's withdrawal from day
care confirms the diagnosis.
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7. Conclusion

Chronic cough in children is a complex problem because differential
diagnosis is broader than for acute cough. One of the primary goals in
the management of chronic cough in children is to make an accurate
underlying diagnosis and then to start targeted treatment. Chronic
cough in preschool children may be representative of a specific serious
disorder. The initial assessment should focus on identifying pointers
that suggest specific disorders. Pediatric Guidelines and clinical algo-
rithms have identified pointers or “red flags” to suggest and conduct
investigations for a specific diagnosis. Early diagnosis of serious under-
lying disease imposes a 4-week cut-off over any longer period in defin-
ing chronic cough in preschool age. One alarming possibility is that a
considerable percentage of children with chronic cough is not diag-
nosed and appropriately treated in time by their primary care physi-
cians and may therefore develop serious complications, such as
bronchiectasis. Children of preschool age have frequent respiratory in-
fections—especially if they attend day care—manifested by bouts of
coughing associated with bronchitis. These infections may occur “back
to back” and give the impression of a chronic cough [102]. The progres-
sive decrease in prescribing antibiotics for viral respiratory infections in
early childhood over the past decade has been appropriate. This may
have the consequence of inadvertently increasing the incidence of PBB
and possibly bronchiectasis in coming years, however [23,52]. The ben-
efits to the child of making an accurate diagnosis and prescribing ade-
quate treatment therefore extend well beyond merely eliminating
cough. In preschool children, the major causes of chronic cough appear
to be persistent infection denoted by PBB, the post-infectious and struc-
tural alterations in airways known as TBM, and foreign body aspiration.
Other causes of chronic cough seem to be less common at this age.

Author's contributions

All of the authors contributed for the concept, design and writing of
the manuscript.

Conflict of interest

The authors declare that there are no conflicts of interest relevant to
the subject of this article

References

[1] Widdicombe ]G. Afferent receptors in the airways and cough. Respir Physiol
1998;114:5-15.

[2] Brooks SM. Perspective on the human cough reflex. Cough 2011;7:10.

[3] Poliacek I, Stransky A, Szerda-Prezestaszewska M, Jakus ], Barani H, Tomori Z, et al.
Cough and laryngeal muscle discharges in brainstem lesioned anesthetized cats.
Physiol Res 2005;54:645-54.

[4] Morris KF, Baekey DM, Nuding SC, Dick TE, Shannon R, Lindsey B. Neural network
plasticity in respiratory control. ] Appl Physiol 2003;94:1242-52.

[5] Chung KF. The clinical and pathophysiological challenge of cough. In: Chung KF,
Widdicombe ]G, Boushey HA, editors. Cough: causes, mechanisms and therapy.
Oxford-UK: Blackwell Publishing Ltd; 2003. p. 3-10.

[6] Chang AB. Causes, assessment and measurement of cough in children. In: Chung
KF, Widdicombe ]G, Boushey HA, editors. Cough: causes, mechanisms and therapy.
Oxford-UK: Blackwell Publishing Ltd; 2003. p. 57-73.

[7] Chung KF, Bolser D, Davenport P, Fontana G, Morice A, Widdicombe ]. Semantics
and types of cough. Pulm Pharmacol Ther 2009;22:139-42.

[8] Fontana GA. Before we get started: what is a cough? Lung 2008;186:S3-6.

[9] Morice AH. Rebuttal: cough is an expiratory sound. Lung 2008;186:57-9.

[10] Widdicombe ], Singh V. Physiological and pathophysiological down-regulation of
cough. Respir Physiol Neurobiol 2006;150:105-17.

[11] Chang AB, Glomb WB. Guidelines for evaluating chronic cough in pediatrics: ACCP
evidence-based clinical practice guidelines. Chest 2006;129:260S-83S.

[12] Chang AB, Landau LI, van Asperen PP, Glasgow NJ, Robertson CF, Marchant JM, et al.
The Thoracic Society of Australia and New Zealand. Position statement. Cough in
children: definitions and clinical evaluation. Med ] Aust 2006;184:398-403.

[13] Shields MD, Bush A, Everard ML, McKenzie S, Primhak R. British Thoracic Society
Guidelines Recommendations for the assessment and management of cough in
children. Thorax 2008;63(Suppl. 3):iii1-iii15.

[14] Leconte S, Paulus D, Degryse J. Prolonged cough in children: a summary of the Bel-
gian primary care clinical guideline. Prim Care Respir J 2008;17:206-11.

[15] Chang AB, Widdicombe JG. Cough throughout life: children, adults and the senile.
Pulm Pharmacol Ther 2007;20:371-82.

[16] Shields MD, Thavagnanam S. The difficult coughing child: prolonged acute cough in
children. Cough 2013;9(11), http://dx.doi.org/10.1186/1745-9974-9-11.

[17] Chang AB, Redding GJ, Everard ML. Chronic wet cough: protracted bronchitis, chronic
suppurative lung disease and bronchiectasis. Pediatr Pulmonol 2008;43:519-31.

[18] Losek JD. Diagnostic difficulties of foreign body aspiration in children. Am ] Emerg
Med 1990;8:348-50.

[19] Marchant JM, Masters IB, Taylor SM, Cox NC, Seymour GJ, Chang AB. Evaluation and
outcome of young children with chronic cough. Chest 2006;129:1132-41.

[20] Chang AB, Robertson CF, Van Asperen PP, Glasgow NJ, Mellis CM, Masters IB. A mul-
ticenter study on chronic cough in children: burden and etiologies based on a stan-
dardized management pathway. Chest 2012;142:943-50.

[21] Hay AD, Wilson AD. The natural history of acute cough in children aged 0 to 4 years
in primary care: a systematic review. Br ] Gen Pract 2002;52:401-9.

[22] Chang AB. Cough: are children really different to adults? Cough 2005;1:7, http:
//dx.doi.org/10.1186/1745-9974-1-7.

[23] Donnelly D, Critchlow A, Everard ML. Outcomes in children treated for persistent
bacterial bronchitis. Thorax 2007;62:80-4.

[24] Kompare M, Weinberger M. Protracted bacterial bronchitis in young children: as-
sociation with airway malacia. ] Pediatr 2012;160:88-92.

[25] Zgherea D, Pagala S, Mendiratta M, Marcus MG, Shelov SP, Kazachkov M. Broncho-
scopic findings in children with chronic wet cough. Pediatrics 2012;129:e364-9,
http://dx.doi.org/10.1542/peds.2011-0805 [Epub 2012 Jan 9].

[26] De Baets F, De Schutter I, Aarts C, Haerynck F, Van Daele S, De Wachter E, et al.
Malacia, inflammation and bronchoalveolar lavage culture in children with persis-
tent respiratory symptoms. Eur Respir ] 2012;39:392-5.

[27] Douros K, Alexopoulou E, Nicopoulou A, Anthracopoulos MB, Fretzayas A,
Yiallouros P, et al. Bronchoscopic and high-resolution CT scan findings in children
with chronic wet cough. Chest 2011;140:317-23.

[28] Bisgaard H, Hermansen MN, Buchvald F, Loland L, Halkjaer LB, Bannelykke K. Child-
hood asthma after bacterial colonization of the airway in neonates. N Engl ] Med
2007;357:1487-95.

[29] Chang AB. Pediatric cough: children are not miniature adults. Lung 2010;188:
S$33-40.

[30] Hilaire G, Duron B. Maturation of the mammalian respiratory system. Physiol Rev
1999;79:325-60.

[31] Gappa M, Stocks J, Frey U. Assessing lung growth and function in infants and young
children. Eur Respir Monogr 2006;37:22-40.

[32] Porges SW, Furman SA. The early development of the autonomic nervous system
provides a neural platform for social behaviour: a polyvagal perspective. Inf Child
Dev 2011;20:106-18.

[33] Marcus CL, Smith RJH, Mankarious LA, Arens R, Mitchell GS, Elluru RG, et al. Devel-
opmental aspects of the upper airway. Proc Am Thorac Soc 2009;6:513-20.

[34] Thibeault SL, Rees L, Pazmany L, Birchall MA. At the crossroads: mucosal immunol-
ogy of the larynx. Nature Mucosal Immunol 2009;2:122-8.

[35] Masters IB, Zimmerman PV, Pandeya N, Petsky HL, Wilson SB, Chang AB. Quantified
tracheobronchomalacia disorders and their clinical profiles in children. Chest
2008;133:461-7.

[36] Martin R, Nauta AJ, Ben Amor KB, Knippels LM], Knol ], Garssen ]. Early life: gut
microbiota and immune development in infancy. Benef Microbes 2010;1:367-82.

[37] Jourdain S, Smeesters PR, Denis O, Dramaix M, Sputael V, Malaviolle X, et al. Differ-
ences in nasopharyngeal bacterial carriage in preschool children from different
socio-economic origins. Clin Microbiol Infect 2011;17:907-14.

[38] Murphy TF, Bakaletz LO, Smeesters PR. Microbial interactions in the respiratory
tract. Pediatr Infect Dis ] 2009;28:5121-6.

[39] Peters BM, Jabra-RizK MA, O'May GA, Costerton JW, Shirtliff ME. Polymicrobial in-
teractions: impact on pathogenesis and human disease. Clin Microbiol Rev
2012;25:193-213.

[40] Hament JM, Kimpen JL, Fleer A, Wolfs TF. Respiratory viral infection predisposing
for bacterial disease: a concise review. FEMS Immunol Med Microbiol 1999;26:
189-95.

[41] Hakansson A, Kidd A, Wadell G, Sabharwal H, Svanborg C. Adenovirus infection en-
hances in vitro adherence of Streptococcus pneumoniae. Infect Immun 1994;62:
2707-14.

[42] Sanford BA, Shelokov A, Ramsay MA. Bacterial adherence to virus-infected cells: a
cell culture model of bacterial superinfection. ] Infect Dis 1978;137:176-81.

[43] Jiang Z, Nagata N, Molina E, Bakaletz LO, Hawkins H, Patel JA. Fimbria-mediated en-
hanced attachment of non-typeable Haemophilus influenzae to respiratory syncytial
virus-infected respiratory epithelial cells. Infect Immun 1999;67:187-92.

[44] Abramson ]S, Wheeler ]G. Virus-induced neutrophil dysfunction: role in the patho-
genesis of bacterial infections. Pediatr Infect Dis ] 1994;13:643-52.

[45] Warshauer D, Goldstein E, Akers T, Lippert W, Kim M. Effect of influenza viral infec-
tion on the ingestion and killing of bacteria by alveolar macrophages. Am Rev
Respir Dis 1977;115:269-77.

[46] Chang AB, Yerkovich ST, Gibson PG, Anderson-James S, Petsky HL, Carroll ML, et al.
Pulmonary innate immunity in children with protracted bacterial bronchitis. ]
Pediatr 2012;161:621-5.

[47] Marchant JM, Gibson PG, Grissell TV, Timmins NL, Masters IB, Chang AB. Prospec-
tive assessment of protracted bacterial bronchitis: airway inflammation and innate
immune activation. Pediatr Pulmonol 2008;43:1092-9.

[48] Giorgi PL, Oggiano N, Braga PC, Catassi C, Gabrielli O, Coppa CV, et al. Cilia in chil-
dren with recurrent upper respiratory tract infections: ultrastructural observations.
Pediatr Pulmonol 1992;14:201-5.

j.earlhumdev.2013.07.018

Please cite this article as: Kantar A, et al, Chronic cough in preschool children, Early Hum Dev (2013), http://dx.doi.org/10.1016/



http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0005
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0005
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0010
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0015
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0015
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0015
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0020
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0020
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0530
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0530
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0530
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0535
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0535
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0535
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0025
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0025
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0030
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0035
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0040
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0040
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0045
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0045
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0050
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0050
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0050
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0055
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0055
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0055
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0060
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0060
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0065
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0065
http://dx.doi.org/10.1186/1745-9974-9-11
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0075
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0075
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0080
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0080
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0085
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0085
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0545
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0545
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0545
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0095
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0095
http://dx.doi.org/10.1186/1745-9974-1-7
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0550
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0550
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0110
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0110
http://dx.doi.org/10.1542/peds.2011-0805
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0120
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0120
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0120
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0125
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0125
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0125
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0560
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0560
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0560
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0135
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0135
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0140
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0140
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0145
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0145
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0150
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0150
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0150
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0155
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0155
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0160
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0160
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0165
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0165
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0165
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0565
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0565
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0170
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0170
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0170
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0175
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0175
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0570
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0570
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0570
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0185
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0185
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0185
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0190
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0190
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0190
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0195
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0195
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0200
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0200
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0200
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0205
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0205
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0210
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0210
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0210
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0215
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0215
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0215
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0220
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0220
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0220
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0225
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0225
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0225
http://dx.doi.org/10.1016/j.earlhumdev.2013.07.018
http://dx.doi.org/10.1016/j.earlhumdev.2013.07.018

A. Kantar et al. / Early Human Development xxx (2013) XxX-XxX

[49] Kantar A, Oggiano N, Giorgi PL, Braga PC, Fiorini R. Polymorphonuclear leukocyte-
generated oxygen metabolites decrease beat frequency of human respiratory cilia.
Lung 1994;172:215-22.

[50] Smith CM, Kulkarni H, Radhakrishnan P, Rutman A, Bankart MJ, Williams G. Ciliary
dyskinesia is an early feature of respiratory syncytial virus infection. Eur Respir ],
http://dx.doi.org/10.1183/09031936.002.05312. Epub 2013 Mar 21.

[51] Priftis KN, Litt D, Manglani S, Anthracopoulos MB, Thickett K, Tzanakaki G, et al.
Bacterial bronchitis caused by Streptococcus pneumoniae and nontypeable
Haemophilus influenzae in children: the impact of vaccination. Chest 2013;143:
152-7.

[52] Craven V, Everard ML. Protracted bacterial bronchitis: reinventing an old disease.
Arch Dis Child 2013;98:72-6.

[53] Marchant J, Masters IB, Champion A, Petsky H, Chang AB. Randomised controlled trial
of amoxycillin clavulanate in children with chronic wet cough. Thorax 2012;67:
689-93.

[54] Chang AB, Byrnes CA, Everard ML. Diagnosing and preventing chronic suppurative
lung disease (CSLD) and bronchiectasis. Paediatr Respir Rev 2011;12:97-103.

[55] Chang AB, Bell SC, Byrnes CA, Grimwood K, Holmes PW, King PT, et al. Chronic sup-
purative lung disease and bronchiectasis in children and adults in Australia and
New Zealand. Med ] Aust 2010;193:356-65.

[56] Everard ML. “Recurrent lower respiratory tract infections”—going around in circles,
respiratory medicine style. Paediatr Respir Rev 2012;13:139-43.

[57] Sethi S, Murphy TF. Infection in the pathogenesis and course of chronic pulmonary
obstructive disease. N Engl ] Med 2008;359:2355-65.

[58] Johnson TH, Mikita JJ, Wilson RJ, Feist JH. Acquired tracheomalacia. Radiology
1973;109:576-80.

[59] Jokinen K, Palva T, Sutinen S, Nuutinen J. Acquired tracheobronchomalacia. Ann
Clin Res 1977;9:52-7.

[60] Baroni RH, Feller-Kopman D, Nishino M, Hatabu H, Loring SH, Ernst A, et al.
Tracheobronchomalacia: comparison between end-expiratory and dynamic expi-
ratory CT for evaluation of central airway collapse. Radiology 2005;235:635-41.

[61] Carden KA, Boiselle PM, Waltz DA, Ernst A. Tracheomalacia and
tracheobronchomalacia in children and adults: an in-depth review. Chest
2005;127:984-1005.

[62] Masaoka A, Yamakawa Y, Niwa H, Hara F, Kondo S, Fukai I, et al. Pediatric and adult
tracheobronchomalacia. Eur J Cardiothorac Surg 1996;10:87-92.

[63] Masters IB, Chang AB, Patterson L, Wainwright C, Buntain H, Dean BW, et al. Series
of laryngomalacia, tracheomalacia, and bronchomalacia disorders and their associ-
ations with other conditions in children. Pediatr Pulmonol 2002;34:189-95.

[64] Lee SL, Cheung YF, Leung MP, Ng WK, Tsoi NS. Airway obstruction in children with
congenital heart disease: assessment by flexible bronchoscopy. Pediatr Pulmonol
2002;34:304-11.

[65] Tan JZY, Ditchfield M, Freezer N. Tracheobronchomalacia in children: review of di-
agnosis and definition. Pediatr Radiol 2012;42:906-15.

[66] Boogaard R, Huijsmans SH, Pijnenburg MW, Tiddens HA, de Jongste JC, Merkus PJ.
Tracheomalacia and bronchomalacia in children: incidence and patient characteris-
tics. Chest 2005;128:3391-7.

[67] Mair EA, Parsons DS. Pediatric tracheobronchomalacia and major airway collapse.
Ann Otol Rhinol Laryngol 1992;101:300-9.

[68] Boiselle PM. Multislice helical CT of the central airways. Radiol Clin N Am 2003;41:
561-74.

[69] Jacobs IN, Wetmore RF, Tom LW, Handler SD, Potsic WP. Tracheobronchomalacia in
children. Arch Otolaryngol Head Neck Surg 1994;120:154-8.

[70] Wright CD. Tracheomalacia. Chest Surg Clin N Am 2003;13:349-57.

[71] Leith DE, Butler JP, Sneddon SL, Brain JD. Cough. In: Macklem PT, Mead ], editors.
Handbook of physiology. , Section 3: the respiratory systemWashington, DC: Amer-
ican Physiological Society; 1986. p. 315-36.

[72] Sirithangkul S, Ranganathan S, Robinson PJ, Robertson CF. Positive expiratory pres-
sure to enhance cough effectiveness in tracheomalacia. ] Med Assoc Thai 2010;93:
S112-8.

[73] Chang AB, Gaffney JT, Eastburn MM, Faoagali ], Cox NC, Masters IB. Cough quality in
children: a comparison of subjective vs. bronchoscopic findings. Respir Res 2005;6:3.

[74] Masters IB. Congenital airway lesions and lung disease. Pediatr Clin North Am
2009;56:227-42.

[75] Masters IB, Chang AB. Tracheobroncomalacia in children. Expert Rev Respir Med
2009;3:425-39.

[76] Lee EY, Boiselle PM. Tracheobronchomalacia in infants and children: multidetector
CT evaluation. Radiology 2009;252:7-22.

[77] Sahin A, Meteroglu F, Eren S, Celik Y. Inhalation of foreign bodies in children: expe-
rience of 22 years. ] Trauma Acute Care Surg 2013;74:658-63.

[78] Passali D, Lauriello M, Bellussi L, Passali GC, Passali FM, Gregori D. Foreign body in-
halation in children: an update. Acta Otorhinolaryngol Ital 2010;30:27-32.

[79] Foltran F, Ballali S, Rodriguez H, van As ABS, Passali D, Gulati A, et al. Inhaled foreign
bodies in children: a global perspective on their epidemiological, clinical, and pre-
ventive aspects. Pediatr Pulmonol 2013;48:344-51.

[80] Shields MD, Doherty GM. Chronic cough Children. Paediatr Respir Rev 2013;14:
100-5.

[81] Hitter A, Hullo E, Durand C, Righini C-A. Diagnostic value of various investigations in
children with suspected foreign body aspiration: review. Eur Ann Otorhinolaryngol
Head Neck Dis 2011;128:248-52.

[82] Campbell DN, Cotton EK, Lilly JR. A dual approach to tracheobronchial foreign bod-
ies in children. Surgery 1982;91:178-82.

[83] Traissac L, Attali JP. Our experience with laryngo-tracheobronchial foreign bodies
in children apropos of 113 cases. ] Fr Otorhinolaryngol Audiophonol Chir Maxillofac
1981;30:575-9.

[84] Ayed AK, Jafar AM, Owayed A. Foreign body aspiration in children: diagnosis and
treatment. Pediatr Surg Int 2003;19:485-8.

[85] Saki N, Nikakhlagh S, Rahim F, Abshirini H. Foreign body aspirations in infancy: a
20-year experience. Int ] Med Sci 2009;6:322-8.

[86] Zhijun C, Fugao Z, Niankai Z, Jingjing C. Therapeutic experience from 1428 patients
with pediatric tracheobronchial foreign body. ] Pediatr Surg 2008;43:718-21.

[87] Fidkowski CW, Zheng H, Firth PG. The anesthetic considerations of tracheobronchi-
al foreign bodies in children: a literature review of 12,979 cases. Anesth Analg
2010;111:1016-25.

[88] Huang HJ, Fang HY, Chen HC, Wu CY, Cheng CY, Chang CL. Three-dimensional com-
puted tomography for detection of tracheobronchial foreign body aspiration in
children. Pediatr Surg Int 2008;24:157-60.

[89] Braman SS. Postinfectious cough: ACCP evidence-based clinical practice guidelines.
Chest 2006;129:1385-46S.

[90] O'Connell F, Thomas VE, Studham JM, Pride NB, Fuller RW. Capsaicin cough sensi-
tivity increases during upper respiratory infection. Respir Med 1996;90:279-86.

[91] Nadel JA. Mucous hypersecretion and relationship to cough. Pulm Pharmacol Ther
2013;19(13):00060-6, http://dx.doi.org/10.1016/j.pupt.2013.02.003 [pii: S1094-
5539].

[92] Hallander HO, Gnarpe ], Gnarpe H, Olin P. Bordetella pertussis, Bordetella
parapertussis, Mycoplasma pneumoniae, Chlamydia pneumoniae and persistent
cough in children. Scand ] Infect Dis 1999;31:281-6.

[93] Grayston JT. Chlamydia pneumoniae (TWAR) infections in children. Pediatr Infect
Dis ] 1994;13:675-84.

[94] Wang K, Chalker V, Bermingham A, Harrison T, Mant D, Harnden A. Mycoplasma
pneumoniae and respiratory virus infections in children with persistent cough in
England. A retrospective analysis. Pediatr Infect Dis ] 2011;30:1047-51.

[95] Principi N, Esposito S, Blasi F, Allegra L, Mowgli Study Group. Role of Mycoplasma
pneumoniae and Chlamydia pneumoniae in children with community-acquired
lower respiratory tract infections. Clin Infect Dis 2001;32:1281-9.

[96] Defilippi A, Silvestri M, Tacchella A, Giacchino R, Melioli G, Di Marco E, et al. Epide-
miology and clinical features of Mycoplasma pneumoniae infection in children.
Respir Med 2008;102:1762-8.

[97] Podsiadty E, Fracka B, Szmigielska A, Tylewska-Wierzbanowska S. Seroepidemiological
studies of Chlamydia pneumoniae infections in 1-36 months old children with respira-
tory tract infections and other diseases in Poland. Pol ] Microbiol 2005;54:215-9.

[98] Cohen E, Mahant S, Dell S, Traubici J, Ragone A, Wadhwa A, et al. The long-term
outcomes of pediatric pleural empyema: a prospective study. Arch Pediatr Adolesc
Med 2012;166:999-1004.

[99] Balfour-Lynn IM, Abrahamson E, Cohen G, Hartley J, King S, Parikh D, et al. BTS guide-
lines for the management of pleural infection in children. Thorax 2005;60:Si1-i21.

[100] Tregoning ]S, Schwarze ]. Respiratory viral infections in infants: causes, clinical
symptoms, virology, and immunology. Clin Microbiol Rev 2010;23:74-98.

[101] Martin ET, Fairchok MP, Stednick ZJ, Kuypers ], Englund JA. Epidemiology of multi-
ple respiratory viruses in childcare attendees. ] Infect Dis 2013;15(207):982-9.

[102] de Jongste JC, Shields MD. Cough 2: chronic cough in children. Thorax 2003;58:
998-1003.

[103] Yap PS, Gilbreath S, Garcia C, Jareen N, Goodrich B. The influence of socioeconomic
markers on the association between fine particulate matter and hospital admis-
sions for respiratory conditions among children. Am ] Public Health 2013;103:
695-702.

[104] Ryan NM, Vertigan AE, Ferguson ], Wark P, Gibson PG. Clinical and physiological
features of postinfectious chronic cough associated with HIN1 infection. Respir
Med 2012;106:138-44.

[105] Footitt ], Johnston SL. Cough and viruses in airways disease: mechanisms. Pulm
Pharmacol Ther 2009;22:108-13.

[106] Carr MJ, Hunter DD, Jacoby DB, Undem BJ. Expression of tachykinins in
nonnociceptive vagal afferent neurons during respiratory viral infection in
guinea pigs. Am ] Respir Crit Care Med 2002;165:1071-5.

[107] Hu C, Wedde-Beer K, Auais A, Rodriguez MM, Piedimonte G. Nerve growth factor
and nerve growth factor receptors in respiratory syncytial virus-infected lungs.
Am ] Physiol Lung Cell Mol Physiol 2002;283:494-502.

[108] Piedimonte G, Hegele RG, Auais A. Persistent airway inflammation after resolu-
tion of respiratory syncytial virus infection in rats. Pediatr Res 2004;55:657-65.

[109] Ye XM, Zhong NS, Liu CL, Chen RC. Cough reflex sensitivity is increased in guinea
pigs with parainfluenza virus infection. Exp Lung Res Apr 2011;37(3):186-94,
http://dx.doi.org/10.3109/01902148.2010.540768.

[110] Nasra ], Belvisi MG. Modulation of sensory nerve function and the cough reflex: un-
derstanding disease pathogenesis. Pharmacol Ther 2009;124:354-75.

[111] Grace MS, Dubuis E, Birell MA, Belvisi MG. TRP channel antagonists as potential an-
titussives. Lung 2012;190:11-5.

[112] Hewitt M, Canning BJ. Coughing precipitated by Bordetella pertussis infection. Lung
2010;188:573-9.

[113] Jia Y, Lee L-Y. Role of TRPV receptors in respiratory diseases. Biochim Biophys Acta
2007;1772:915-27.

Please cite this article as: Kantar A, et al, Chronic cough in preschool children, Early Hum Dev (2013), http://dx.doi.org/10.1016/

j.earlhumdev.2013.07.018



http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0230
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0230
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0230
http://dx.doi.org/10.1183/09031936.002.05312
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0235
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0235
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0235
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0235
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0240
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0240
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0245
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0245
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0245
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0250
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0250
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0255
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0255
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0255
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0260
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0260
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0265
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0265
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0270
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0270
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0275
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0275
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0280
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0280
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0280
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0580
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0580
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0580
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0290
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0290
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0295
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0295
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0295
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0300
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0300
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0300
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0305
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0305
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0310
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0310
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0310
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0315
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0315
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0320
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0320
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0325
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0325
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0330
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0585
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0585
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0585
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0335
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0335
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0335
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0590
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0590
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0345
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0345
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0350
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0350
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0355
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0355
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0360
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0360
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0595
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0595
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0370
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0370
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0370
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0375
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0375
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0600
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0600
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0600
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0385
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0385
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0390
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0390
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0390
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0395
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0395
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0400
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0400
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0405
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0405
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0410
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0410
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0410
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0415
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0415
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0415
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0605
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0605
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0425
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0425
http://dx.doi.org/10.1016/j.pupt.2013.02.003
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0430
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0430
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0430
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0435
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0435
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0440
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0440
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0440
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0445
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0445
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0445
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0450
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0450
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0450
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0455
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0455
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0455
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0460
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0460
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0460
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0465
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0465
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0470
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0470
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0475
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0475
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0480
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0480
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0485
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0485
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0485
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0485
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0490
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0490
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0490
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0615
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0615
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0495
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0495
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0495
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0500
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0500
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0500
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0620
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0620
http://dx.doi.org/10.3109/01902148.2010.540768
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0510
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0510
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0515
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0515
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0520
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0520
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0525
http://refhub.elsevier.com/S0378-3782(13)00165-5/rf0525
http://dx.doi.org/10.1016/j.earlhumdev.2013.07.018
http://dx.doi.org/10.1016/j.earlhumdev.2013.07.018

	Chronic cough in preschool children
	1. Introduction
	2. When is cough chronic? 4 is better than 8
	3. Protracted bacterial bronchitis
	4. Tracheobronchomalacia
	5. Foreign body aspiration
	6. Post-infectious cough
	7. Conclusion
	Author's contributions
	Conflict of interest
	References


