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ABSTRACT
Background: Chronic wet cough, the most common symptom of a disease spectrum that encompasses
protracted bacterial bronchitis (PBB) and bronchiectasis, is common among Aboriginal children. In the
absence of any community prevalence data, and with the high burden of respiratory disease and the
European Respiratory Society task force’s recommendation to identify disease burden, we determined the
prevalence of chronic wet cough and PBB in young Aboriginal children in four remote communities in
north Western Australia.
Methods: A whole-population, prospective study was conducted. Aboriginal children aged ⩽7 years were
clinically assessed for chronic wet cough by paediatric respiratory clinicians between July 2018 and May
2019. Where children had a wet cough but parents reported a short or uncertain cough duration, children
were followed up 1 month later. A medical record audit 6 weeks to 3 months later was used to determine
those children with chronic wet cough who had PBB (based on response to antibiotics).
Results: Of the 203 children, 191 (94%; median age 3.5 years, range 0–7 years) were enrolled. At the initial
visit, chronic wet cough was present in 21 (11%), absent in 143 (75%) and unknown in 27 (14%). By
follow-up, the total prevalence of chronic wet cough was 13% (95% CI 8–19%) and 10% (95% CI 7–17%)
for PBB. Chronic wet cough was more common in the two communities with unsealed roads (19%)
compared to the two with sealed roads (7%).
Conclusion: Given the relatively high prevalence, strategies to address reasons for and treatment of
chronic wet cough and PBB in young Aboriginal children in remote north Western Australia are required.
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Introduction
Chronic wet cough is the most common symptom of a chronic suppurative airway disease spectrum that
encompasses protracted bacterial bronchitis (PBB) and bronchiectasis [1]. These diseases are characterised
by neutrophilic airway inflammation, endobronchial bacterial infection and impaired mucociliary clearance
[2]. If left untreated, PBB can result in progressive and permanent damage, i.e. bronchiectasis [3].
Bronchiectasis, particularly prevalent and severe among Aboriginal Australians, impairs general health,
and reduces quality of life and life expectancy [4–7]. Australian Aboriginal children suffer a considerable
and disproportionate burden of respiratory disease [8] with one Australian study reporting bronchiectasis
prevalence of 1.5% [9]. Similar rates of bronchiectasis have been reported in other Indigenous populations
living in high-income countries [10].

Disease progression in bronchiectasis can be halted in most children and, in some cases, reversed when
diagnosed and treated early [2, 11]. Thus, the early recognition and prompt treatment of chronic wet
cough in children is important for the prevention of bronchiectasis and for limiting progression of
established disease [2, 11].

There are few data on the prevalence of chronic wet cough and the burden of PBB in any setting. Most
studies have relied on children presenting to hospitals or specialist clinics rather than community-acquired
data [12–15]. Indeed, determining the prevalence of PBB in children is one of the clinical research gaps
identified in the European Respiratory Society PBB task force document [16].

In the absence of such data among Aboriginal children and with the high reported prevalence of
bronchiectasis [9], we aimed to determine the prevalence of chronic wet cough and PBB in young Aboriginal
children living in four remote communities in the Kimberley region of Western Australia. Our secondary aim
was to explore possible factors that may influence the prevalence of chronic wet cough and PBB.

Materials and methods
Participants and study design
We undertook a whole-population study of Aboriginal children aged ⩽7 years across two time-points,
1 month apart. Figure 1 outlines the recruitment and data collection process.

Setting
The study was conducted in four coastal remote Aboriginal communities (table 1) in the Kimberley
region, north Western Australia, between July 2018 and May 2019. The region has high rates of respiratory

Strategies used to recruit all children ≤7 years
1) Invitation letters
2) Community barbecues
3) Playgroups for children ≤3 years
4) Home visits

Wet cough
<4 weeks

1) Information provided to family about lung  
  health and chronic wet cough
2) Informed consent
3) Clinical assessment

Wet cough
>4 weeks

Wet cough, 
not continuous

Wet cough
absent

Re-assess after 
1 month

Wet cough
absent

Medical record audit
6–12 weeks later to determine if 

attended clinic for chronic wet cough and 
response to antibiotics if prescribed

Wet cough
present

FIGURE 1 Process of recruitment and data collection.
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infections [8] and disease [17]. The Kimberley region is about three times the size of England (UK), with a
tropical monsoon climate. Each community is classified as “very remote” based on Australia’s classification
[18] and located within a 220-km radius of Broome, the region’s largest town and closest hospital.
Western Australia’s only paediatric tertiary hospital is located 2200 km south, in Perth.

Ethical approval was granted by the Western Australian Aboriginal Health Ethics Committee (HREC 834)
and the Western Australian Country Health Ethics Committee (RGS 1374). All parents/carers of child
participants provided written, informed consent.

Sampling strategy
The number of children residing in each community was ascertained through the local community’s
electronic medical record system, wherein all children are registered. Local Aboriginal health workers and
clinic administration staff determined which child was present in each community during the week of
recruitment. The small size of the communities and strong cultural networks allows local Aboriginal clinic
staff to know all members of the community. The total number of children in community at recruitment
was recorded as the total population number of children.

Recruitment
Letters were sent to families 1 week prior to recruitment to inform families about the study and invite
participation of their children. We recruited over a 1-week period in each community at local community
barbecues, at playgroups for children ⩽3 years of age and through home visits.

As part of the informed consent process, parents were provided with education about lung health, PBB
and the importance of chronic wet cough, using a locally adapted, culturally informed education resource
(flip chart). Information flip charts have been shown to improve knowledge of lung health for Aboriginal
families [19], and our flip chart was specifically developed to enable Kimberley Aboriginal families to
recognise and seek help for chronic wet cough [20].

Data collection
Data were collected using a standardised format as each child was assessed by two paediatric respiratory
clinician-researchers (physician and/or physiotherapist) and an Aboriginal coresearcher.

Medical history and clinical assessment
Clinicians asked parents/carers about the child’s exposure to tobacco smoke and whether their child had a
current cough. If current cough was present, parents were asked about the cough quality (wet or dry) and
the number of consecutive days of cough. The former has previously been validated, i.e. assessment of
cough quality agreed with bronchoscopic findings [21] (i.e. wet cough is a marker of the presence of lower
airway secretions). Children were recorded as having chronic wet cough if the child’s current cough was
determined to be wet by a clinician-researcher and parents reported that their child had daily wet cough
for ⩾4 weeks.

The same clinicians assessed each child’s cough quality across all communities. Initially, the child was
asked to cough and the cough characteristics (i.e. wet or dry) recorded. If the child could not cough on
command, the physiotherapist performed noninvasive techniques to elicit a cough, which included
blowing whistles, bubbles, positive expiratory pressure therapy and the “huff” manoeuvre. The huff is a
forced expiratory manoeuvre, usually initiated from mid-to-low lung volumes via an open glottis [22]. The
child was asked to huff at various inspiratory and expiratory breath volumes, before the child either
coughed spontaneously or was asked to cough. Respiratory findings including respiratory rate, chest wall
shape and auscultation were documented. The respiratory physician assessed children for specific
alternative causes of respiratory diseases such as aspiration and asthma.

TABLE 1 Community details

Community Total population size
(including adults)

Season when children
were assessed

Road surface
in community

Type of health
service

1 750 Dry ( Jul–Aug 2018) Unsealed Aboriginal controlled
2 285 Wet (Mar–Apr 2019) Sealed Aboriginal controlled
3 240 Wet (Mar–Apr 2019) Unsealed State government
4 330 Wet (Mar–Apr 2019) Sealed State government
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A second assessment was performed 1 month later on children if the parent/carer: 1) reported wet cough
but of <4 weeks or uncertain duration; or 2) initially reported a dry cough but the clinician assessed the
child’s cough as wet. In the latter children, the researchers verified that families understood how a wet
cough sounds. In both scenarios, parents were asked to monitor for presence or absence of daily wet
cough over the following month.

The second assessment 1 month after the initial study visit was conducted to allow parents to carefully
observe their child’s cough because prior to receiving knowledge about lung health and chronic wet cough,
chronic wet cough is often unnoticed or normalised [20]. Similar to the first study visit, children were
deemed to have chronic wet cough if parents reported that their child had daily wet cough for ⩾4 weeks
and the child’s current cough was determined to be wet by a clinician-researcher.

Children with chronic wet cough at any point in the study were referred to the local medical clinic to be
treated by local doctors. Prior to this study, we also provided specific training to local clinicians on the
management of chronic wet cough according to best practice guidelines [23] using strategies to address
enablers and barriers for health practitioners [24].

Concurrent hospitalisation rate in the region
To investigate the potential effect of seasonal variation on rates of chronic wet cough, hospitalisation rates
for lower respiratory tract infections in children at the only local regional hospital was compared to
chronic wet cough rates for corresponding months of data collection. Hospitalisation data were obtained
through coding from the hospital’s electronic record system.

Protocol definitions
Chronic wet cough
Chronic wet cough was defined as daily wet cough present for ⩾4 weeks, as reported by parent/carer and
confirmed by clinician assessment of cough.

Protracted bacterial bronchitis
PBB was defined as chronic wet cough that responded to appropriate antibiotic therapy (amoxycillin/
clavulanate or azithromycin) for 2–4 weeks as determined by doctors at the local clinic. Antibiotic
prescription was repeated for a further 2 weeks if wet cough persistent at the 2-week review. Resolution of
cough was determined by the treating doctor and data was collected from the medical records 3 months
after the 1-month follow-up study visit.

Analysis
Data were recorded and analysed in SPSS (version 25; IBM, Armonk NY, USA). From the assessments, we
calculated prevalence estimates and 95% confidence intervals of chronic wet cough and PBB overall and
specific to each community for the 1-month period based on this flow of children. We undertook
secondary analyses to investigate possible reasons why prevalence may differ between the communities by
consideration of season of measurement, road status and smoking exposure using logistic regression
summarised by odds ratios, 95% profile confidence intervals and Chi-squared tests.

We tabulated hospitalisation counts of children during the study period as a pragmatic way to evaluate the
relationship between seasonal respiratory infections and chronic wet cough. Lastly, we used Cohen’s κ to
determine the agreement between parent report and clinician assessment at initial and subsequent
assessments.

Results
A total of 203 children aged ⩽7 years were present in the four communities during the recruitment period.
Of these, 94% (n=191) were recruited (median age 3.5 years, range 0–7 years) and 51% (n=98) were male.
The 12 children who were not recruited could not be located during the recruitment period, despite the
best efforts of the research team. All parents agreed to participate. 78 children had a wet cough (for
<4 weeks) at recruitment and required follow-up a month later. 27 of these (30%) were lost to follow-up a
month later (left community and/or could not be located). Combined community results for all
participants’ cough outcomes at each of the two assessment time points are illustrated in figure 2.

Chronic wet cough
Of the 191 children assessed, chronic wet cough was present in 21 (11%), absent in 143 (75%) and
unknown in 27 (14%). This suggested a plausible sample prevalence range from 11% (21 out of 191) to
25% (48 out of 191) (if all 27 children lost to follow-up had chronic wet cough) over the 1-month period
of assessment and a prevalence estimate of 13% (95% CI 8–19%) across all communities assessed.
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The median age of the 21 children (10 male) with confirmed chronic wet cough was 2.4 years (range
0.3–74 years) and the median duration of cough was 35 days (range 28–700 days). In most children with
chronic wet cough, clinical examinations were normal, i.e. they had a normal chest wall (100%, 21 out of
21), normal respiratory rate (95%, 20 out of 21) and a clear chest on auscultation (62%, 13 out of 21).
None had clinical signs suggesting chronic disease apart from crepitations on auscultation of the chest.

Detailed information on immunisation status, previous respiratory hospitalisations, gestation at birth,
tobacco smoke exposure and auscultation findings are detailed in supplementary table S1.

Protracted bacterial bronchitis
16 (76%) out of 21 children with chronic wet cough presented to clinic for management by local doctors.
All 16 children were given antibiotics for 2–4 weeks (depending on response) and all had complete
resolution of cough symptoms. Of the remaining five children, the cough spontaneously resolved in two
(based on parental report) and three were lost to follow-up.

Thus, of the 191 children assessed at the commencement of the study, PBB was confirmed in 16 (8%),
absent in 145 (76%) and unknown in 30 (16%). This suggested a plausible sample prevalence range of 8%
(16 out of 191) to 24% (46 out of 191) (if all 30 children lost to follow-up had PBB) and a PBB prevalence
estimate of 10% (95% CI 6–16%). The median age of the 16 children with PBB was 2.3 years (range
0.3–7 years; six male) and median duration of cough was 33 days (range 28–90 days) (figure 3).

Community differences
Detailed results of the rates of chronic wet cough and PBB for all participants, per community, are
outlined in table 2. Prevalence of chronic wet cough in the communities assessed ranged from 5% (two
out of 40) to 22% (11 out of 50) (table 2).

The communities with unsealed roads had higher prevalence of chronic wet cough and PBB than the two
communities with sealed roads (i.e. a road surface that has been permanently sealed by the use of a

203 children ≤7 years
in four communities

191/203 (94%) recruited and 
assessed

Wet cough present
n=89

Wet cough 
<4 weeks

n=78

Wet cough 
>4 weeks

n=11

Wet cough 
>4 weeks

n=10

Wet cough, 
not continuous

n=13

Wet cough
absent
n=28

Lost to
follow-up

n=27

Re-assess after
1 month

Wet cough absent
n=102

Chronic wet
cough
n=21

FIGURE 2 Results of cough status at recruitment and 1-month follow-up in Aboriginal children in four remote
communities.
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pavement treatment, often of composite construction). Prevalence of chronic wet cough in communities
with unsealed roads was 19% (15 out of 80) compared to 7% (six out of 84) with sealed roads (OR 3.0,
95% CI 1.2–8.9; p=0.02). Prevalence of PBB in communities with unsealed roads was 15% (12 out of 79)
compared to 5% (four out of 82) with sealed roads (OR 3.5, 95% CI 1.2–13.1; p=0.02).

Community 1 had measurements taken during the dry season and had the highest estimated prevalence of
chronic wet cough amongst all communities. The observed prevalence during the wet season was 8% (10
out of 118) compared to 22% (11 out of 50) during dry season.

Concurrent hospitalisation rate in the region
Hospital admissions for respiratory illness for children in the region during the time of the study was
similar across all study sites. There were 12 admissions in the preceding 2 months and six admissions for
the month of the study when the study was conducted in community 1. There were eight admissions in
the preceding 2 months and six admissions in the month of the study when the study was conducted
in the remaining communities.

Secondary tobacco smoke exposure
The prevalence of children exposed to tobacco smoke was 74% (128 out of 174) across all communities.
While children with chronic wet cough had high exposure to tobacco smoke (81%, 17 out of 21), the odds
of having chronic wet cough was similar between children exposed and unexposed to smoking (OR 1.6,
95% CI 0.6–5.2).

Cough quality: agreement between clinician assessment and parent report
Clinician assessment of cough and comparison with parental report of cough quality is presented in table 3.
At recruitment, there was substantial agreement (κ=0.64, 95% CI 0.5–0.8) and at 1-month follow up,
almost perfect agreement (κ=0.92, 95% CI 0.8–1.0). Cough could not be elicited in 48 out of 191 children
at recruitment and in two out of 51 children a month later.

Discussion
In this first community-based study, the prevalence of chronic wet cough and PBB in young Aboriginal
children was 13% and 10%, respectively. Prevalence of chronic wet cough and PBB were higher in
communities where roads were unsealed (19% and 15%, respectively) than in communities with sealed

Chronic wet cough
n=21

Received antibiotics
at clinic

n=16

Confirmed PBB
n=16

(chronic cough
resolved after 

2–4 weeks antibiotics)
Did not attend

clinic
n=3

Cough
spontaneously

resolved
n=2

FIGURE 3 Outcomes of children with chronic wet cough. PBB: protracted bacterial bronchitis.

TABLE 2 Detailed results of all children aged ⩽7 years by community

Community Male/
female

Age years
median
(range)

Clinician-assessed
wet cough at
recruitment

Chronic wet cough at recruitment and
follow-up

Protracted bacterial bronchitis

Present Absent Lost to
follow-up

Prevalence
(95% CI)

Present Absent Lost to
follow-up

Prevalence
(95% CI)

1 (n=65) 31/34 3.3 (0.0–7.0) 44 (68%) 11 (17%) 39 (60%) 15 (23%) 22% (12–36%) 8 (12%) 41 (63%) 16 (25%) 16% (8–30%)
2 (n=42) 22/20 3.1 (0.1–6.8) 9 (21%) 2 (5%) 38 (90%) 2 (5%) 5% (1–18%) 2 (5%) 38 (90%) 2 (5%) 5% (1–18%)
3 (n=35) 15/20 3.3 (0.2–6.8) 16 (46%) 4 (11%) 26 (74%) 5 (14%) 13% (4–32%) 4 (11%) 26 (74%) 5 (14%) 13% (4–32%)
4 (n=49) 30/19 3.7 (0.0–7.0) 13 (26%) 4 (8%) 40 (82%) 5 (10%) 9% (3–22%) 32 (4%) 40 (82%) 7 (14%) 5% (9–17%)
Total (n=191) 98/93 3.5 (0.0–7.0) 82 (43%) 21 (11%) 143 (75%) 27 (14%) 13% (8–19%) 16 (8%) 145 (76%) 30 (16%) 10% (6–16%)
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roads (7% and 5%, respectively). Tobacco smoke exposure was high in all communities but no different
between children with and without chronic wet cough.

To the best of our knowledge, there are no whole-community prevalence data on chronic wet cough or
PBB. One Australian study prospectively followed children who presented to a paediatric emergency
department with acute respiratory infection. PBB was subsequently diagnosed in 55 (10%) out of 558
children [13]. Other studies, conducted in specialist respiratory clinics in Australia [14, 15] and Turkey
[12, 25], reported prevalence of PBB between 11% and 41%. While these studies demonstrate high
prevalence of PBB in children presenting for medical care, our study findings provide important insight
into the burden of disease at a whole-community level in a setting where respiratory diseases are common.

PBB is conceptually understood as a potential pre-bronchiectatic state in some children [1]. Bronchiectasis
rates in indigenous children is high and yet it remains one of the most neglected diseases in respiratory
health [26]. Given that Aboriginal children have higher rates and risk of bronchiectasis [10], there is a
heightened need for culturally informed management of PBB to prevent development of bronchiectasis
and to reduce associated morbidity. Our data suggest that the prevalence of PBB could be considerably
greater than originally suspected, and our findings reinforce international calls for a better understanding
of prevalence, disease burden and natural history of PBB in communities and its relationship to the
development of bronchiectasis [16]. This is particularly important in indigenous settings as: 1) adults with
bronchiectasis who have been symptomatic since childhood (compared to adult-onset symptoms) have
significantly poorer clinical outcomes (lower lung function, worse radiology scores and more
exacerbations) [27]; and 2) Indigenous Australian adults with bronchiectasis die 22 years earlier than
non-Indigenous Australian adults with bronchiectasis [4, 7].

The prevalence of chronic wet cough and PBB varied among the communities, ranging from 5% to 22%
for chronic wet cough and 5% to 16% for PBB. Chronic wet cough and PBB were more prevalent in
communities with unsealed roads. Chronic wet cough was also most prevalent in the community where
measurements were obtained during the dry season compared to those where measurements were taken in
the wet season. We can only speculate on the reasons for this. Environmental dust exposure may, at least
partly, contribute to the differences in rates of chronic wet cough and PBB observed within communities.
Airborne geogenic dusts, high in iron ore, are highly prevalent in remote areas and higher in the dry
season in northern Western Australia [28]. Geogenic dust particulate matter, including iron ore particles,
from remote Western Australia towns can induce a potent acute inflammatory response in the lungs [29].
Furthermore, bacterial pathogens, including Haemophilus influenzae, Streptococcus pneumoniae and
Moraxella catarrhalis, are prevalent in the upper airway in Aboriginal children [30], and the survival and
virulence of these organisms are influenced by the availability of iron [31]. These common upper airway
bacterial pathogens are also the most prevalent pathogens found in the lower airways of children with PBB
[32]. Hence, there may be a relationship between environmental, iron-rich particulate dust exposure and
the development of chronic bacterial infections in Aboriginal children, including chronic wet cough and
PBB. However, at this point, the association is conjectural.

Our definition of PBB is now the current standard as determined in the USA [33, 34] and by the
European Respiratory Society [16]. Some may argue that environmental pollutants could cause the cough
rather than infection. However, as outlined above, environmental exposure in the context of the study
would predispose to infection, and all 16 children who were given antibiotics had complete resolution of
cough and had been coughing for up to 3 months. The prompt resolution of chronic cough after the
administration of antibiotics suggests that the chronic wet cough was caused, at least in part, by infection.

Tobacco smoke exposure in the four communities was high (74%), similar to Aboriginal remote
community rates reported by the Australian Bureau of Statistics (73%) [35]. In our study, there was not

TABLE 3 Clinician assessment and parent report of cough quality at recruitment and 1-month
follow-up

Parent report of cough type Clinician assessment of
cough at recruitment

Clinician assessment of
cough at 1-month follow-up

Wet Dry Total Wet Dry Total

Wet 59 3 62 26 2 28
Dry 23 58 81 0 21 21
Total 82 61 143 26 23 49

Data limited to children whose cough could be elicited at the time of the study visits.
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strong evidence of a relationship between tobacco smoke exposure and chronic wet cough or PBB.
However, tobacco exposure is a well-documented risk factor for development of chronic respiratory
diseases [36], and a true relationship may be obscured by confounding factors and the high rates of
exposure of the majority of children in the communities.

A limitation of our study design was the reliance on parental reporting of cough symptoms in the month
between clinician assessments. It is possible that symptoms were under-reported if parents were not aware
of daily cough or if cough was normalised [20]. However, there was excellent agreement between parent
and clinician report of wet/dry cough. This strong agreement highlights how accurate medical history can
be obtained in an Aboriginal setting using culturally informed methods [20] and validates the accuracy of
parental reporting of daily ongoing wet cough symptoms in those children with chronic wet cough/PBB.
CHANG et al. [21] also reported good agreement between clinician and parent report of cough quality,
which correlated with bronchoscopic findings.

Another limitation of our study was the absence of objective lung function data. However, spirometry and
forced oscillatory test indices are normal in children with PBB [37], and most children with mild
bronchiectasis [2].

In conclusion, the prevalence of chronic wet cough and PBB in young Aboriginal children in remote,
north Western Australia is high. There is a need to implement strategies to facilitate detection and
management of chronic wet cough and PBB, as well as measure the prevalence in other settings.
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