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ABSTRACT

Background: Sputum microbiology is an integral aspect of managing patients with
bronchiectasis. Adult Aboriginal Australians have a high bronchiectasis disease burden;
however, as yet there is sparce literature detailing the sputum microbiology pro�le in
this population.
Aims: To assess the sputum microbiology pro�le among Aboriginal patients aged
�18 years with chest computed tomography-con�rmed bronchiectasis in the Top End
Northern Territory of Australia.
Method: All available sputum samples processed in a single laboratory service with
established protocols for examining and reporting sputum microbiology results between
2011 through 2020 were assessed in relation to demographics, lung function parame-
ters, chest radiology, inhaled pharmacotherapy, hospital admissions restricted to respi-
ratory conditions and all-cause mortality.
Results: Four hundred twenty-eight patients (median age 47 years, 56% female)
had sputum cultures available to assess. Haemophilus spp. was the most common
(64%), followed by yeast/Candida spp. (53%) and Pseudomonas spp. (36%). Poly-
microbial cultures were noted in 92% of patients. There were signi�cant geographic
differences on a region-wise and community-wise basis. Patients with yeast/Candida
spp. and Pseudomonas spp. recorded more hospitalisations (median 7 (interquartile
range (IQR) 3–14) and 8 (IQR 4–16)). In multivariate models, both yeast/Candida
spp. (odds ratio (OR) 2.63 (95% con�dence interval (CI) 1.68–4.14)) and Pseudomo-
nas spp. (OR 1.95 (95% CI 1.25–3.04)) were associated with increased odds for mor-
tality. Other than higher Pseudomonas spp. isolated with the use of inhaled
corticosteroids, no signi�cant association was observed either with lung function or
chest radiology.
Conclusion: Adult Aboriginal Australians with bronchiectasis harbour a signi�cant
microorganism load that may play a role in overall morbidity and mortality.

Abbreviations: CI, con�dence interval; COPD, chronic obstructive
pulmonary disease; CT, computed tomography; DR, Darwin rural;
DU, Darwin urban; EA, Arnhem land; FEV1, forced expiratory
volume in 1 s; FVC, forced vital capacity; ICS, inhaled
corticosteroids; ICU, intensive care unit; IQR, interquartile range;
KR, Katherine region; LABA, long-acting beta agonist; LAMA,
long-acting muscarinic agent; NT, northern territory; OR, odds

ratio; RDH, royal Darwin hospital; SABA, short-acting beta agonist;
SAMA, short-acting muscarinic agent; TEHS, Top End Health
Service
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Introduction
Bronchiectasis is a chronic progressive respiratory disease,
with the clinical hallmarks of cough, sputum production
and respiratory infections associated with bronchial dilata-
tion.1 It is often the �nal common pathway of multiple
aetiologies (infectious and non-infectious) and concurrent
pathophysiological processes resulting in a spectrum of
clinical presentations.2 Chronic respiratory tract infections
play a pivotal role in the pathogenesis and pathophysiol-
ogy of bronchiectasis.3 There are signi�cant geographical
variations, with a substantial burden of bronchiectasis in
countries and populations with a high incidence of respi-
ratory infections.4,5

The northern territory (NT) is a sparsely populated
territory of the Australian mainland, with a population
of 233 000 in 2021, of which 26.3% self-identify as
Aboriginal and/or Torres Strait islander (the highest
proportion in Australia).6 The age-standardised burden
of respiratory disease among adult Aboriginal
Australians in the NT is 2.7 times higher compared to
non-Aboriginal Australians.7,8 Although the true inci-
dence of bronchiectasis in Aboriginal Australian adults
is unknown, especially in rural/remote communities,9 it
has been shown to be higher than non-Aboriginal
Australians.10

Lower respiratory tract infections and associated hospi-
tal admissions are substantially higher for Aboriginal
Australians, including patients with bronchiectasis.11,12

Commensal organisms may become pathogenic in indi-
viduals with bronchiectasis due to mucous thickening,
impaired mucociliary clearance and dysregulated immu-
nity.2 The initial stimulation and persistent in�ammation
associated with bronchiectasis (including exacerbations)
could be due to bacteria, mycobacteria, viruses and/or
fungi.2 Common bacterial organisms associated with
bronchiectasis include Haemophilus in�uenzae, Pseudomonas
aeruginosa, Moraxella catarrhalis, Streptococcus pneumoniae
and Staphylococcus aureus.1,3,13,14 Infections are often poly-
microbial, especially in children.4 Exacerbations and
hospitalisation are associated with higher airway bacterial
loads, with organisms undergoing adaptations to facilitate
immune evasion.15

Among adult Aboriginal Australians with bronchiecta-
sis, the limited available data indicate that the most com-
mon pathogens isolated from sputum cultures are H.
in�uenzae, S. pneumoniae and M. catarrhalis.10 Studies
from Central Australia have also shown strong associa-
tions between bronchiectasis and human T-cell leukae-
mia virus-1 infection.16 Bronchiectasis-related outcomes
are signi�cantly worse for Aboriginal Australians than
their non-Aboriginal counterparts, with death at a signif-
icantly younger age (almost 20 years earlier).17,18

Despite ample evidence to suggest that adult Aborigi-
nal Australians have a higher burden of bronchiectasis,
knowledge surrounding the signi�cance of sputum
microbiology to outcomes among adult Aboriginal
Australian patients is lacking. This study aims to assess
the relationship between sputum microbiology and rele-
vant clinical parameters, hospital admissions and mortal-
ity among an adult Aboriginal Australian cohort
diagnosed to have bronchiectasis over a 10-year period
(2011–2020) from the Top End Health Service (TEHS)
region of the NT of Australia.

Methods

Setting and study participants

This study was conducted at the respiratory and sleep
division based at the Royal Darwin Hospital (RDH), and
Darwin Private Hospital, within the TEHS. Participants
were Australian Aboriginal patients aged �18 years iden-
ti�ed to have bronchiectasis via International Statistical
Classi�cation of Diseases (ICD) 10th Revision code J47,
coded at separation from an in-patient admission across
the three hospitals in the TEHS region and con�rmed
with chest computed tomography (CT) scan between
2011 and 2020.17

Ethics

This study is a part of a larger project examining various
aspects of bronchiectasis disease pro�les among the adult
Aboriginal Australian population residing in the TEHS
health districts and was approved by the human research
ethics governance/committee of the TEHS, NT and Menzies
school of health research (Reference: HREC; 2019–3547).

Sputum microbiology data

All available sputum microbiology results between 2011
through 2020 were retrieved via patients’ electronic medi-
cal records, irrespective of ambulatory out-patients’ settings
or during hospital admissions. Sputum cultures were
undertaken as per the discretion of treating medical practi-
tioners. All sputum samples were processed in a single
microbiology/pathology service based in the TEHS region:
“Territory Pathology Service” with standard established
protocols. All sputum culture reports were scrutinised for
the quality of the sample and excluded if indicative of poor
quality/contaminated samples. Patient sputum microbiol-
ogy data were analysed in two ways for this study: (i) on
the patient level, if patients were observed to have multiple
sputum examinations, any cultured microorganisms were
counted only once, irrespective of whether it was cultured
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multiple times; and (ii) on the hospital admission level, all
available sputum culture results within respiratory-related
hospital admissions (ICD code J) were assessed individu-
ally, irrespective of whether they were from the same
patient across multiple admissions. Information pertaining
to viral pathogens were not examined.

Sputum microbiology and clinical data
assessment

Sputum results were pragmatically categorised into
11 distinct categories as per common microorganisms
encountered in day-to-day clinical practice (Table S1).
Sputum microbiology results were assessed against
demographics, residence location (by TEHS region and
community), smoking status, body mass index, lung
function parameters (LFPs; spirometry), comorbidities,
inhaled pharmacotherapy use, immunoglobulin levels,
chest CT �ndings, hospital admission rates (restricted to
ICD J presentations), need for intensive care unit (ICU)
admission and overall all-cause mortality (followed
until April 2023). A subgroup analysis was undertaken
to assess the sputum microbiology data during acute
hospitalisation during exacerbation of respiratory air-
way disease (ICD code J) during the study window.

Statistical analysis

Differences in demographic and clinical variables
between females and males with sputum cultures
were tested via univariate quantile regression (contin-
uous parameters) or logistic regression (categorical
parameters), with Romano-Wolf (RW) adjustment for

multiple hypothesis testing. Pairwise correlations
between sputum culture categories and lobar involve-
ment were tested via Pearson pairwise correlation
coef�cient (R2), with P-values adjusted via Bonferroni
correction. Univariate and multivariate quantile
regression models were utilised to explore the effect of
sputum categories on the number of hospitalisations
for patients across the study period, with the multivar-
iate models adjusted for age, sex, urban residence,
chronic obstructive pulmonary disease (COPD) and
hypertension, inhaled pharmacotherapy prescription
(short-acting beta agonist (SABA), short-acting mus-
carinic agent (SAMA), long-acting beta agonist
(LABA), long-acting muscarinic agent (LAMA),
inhaled corticosteroids (ICSs)) and bilateral radiologi-
cal extent with models reported as beta coef�cients
(95% con�dence intervals (CIs)). Univariate and mul-
tivariate logistic regression models were utilised to
explore the association between sputum categories
and mortality, adjusting for the same factors as the
quantile regression models, and reported as odds
ratios (ORs) and 95% CIs. All regression models were
adjusted for multiple hypothesis testing via RW cor-
rection with 250 bootstrap replications. All analyses
were conducted in STATA IC 15 (College Station,
Texas) and alpha was set to P < 0.05 throughout.

Results

Demographics and clinical data

Of the 459 patients identi�ed to have bronchiectasis, 428
had either outpatient or during respiratory-related hos-
pital admission sputum culture available to be included
for analysis (Table S2). The median age was 47 years
(interqartile range (IQR) 40–56 years), with 56% female,
and 7% residing in urban areas. Of the 428 patients,
387 had at least one hospital admission (median �ve
admissions, IQR 2–10) for a total of 3474 hospital admis-
sions. Of the 387 patients with a hospital admission,
315 had a sputum culture recorded within at least one
hospital admission, with 3157 admissions recording a
sputum culture in total.

Sputum microbiology results

Haemophilus species (spp.) were the most commonly cul-
tured (64%), followed by yeast/Candida spp. (53%), Strep-
tococcus spp. (37%), Pseudomonas spp. (36%) and Moraxella
spp. (30%) (Table 1). Mycobacteria were more common
among males than females (17.4 vs 8.4%, P = 0.04). Most
patients (92.3%) had two or more micro-organism species
cultured. Haemophilus spp. with Streptococcus spp. were

Table 1 Sputum microbiology data by sex

Sputum
microbiology

Total (N = 428) Female
(n = 238)

Male
(n = 190)

Haemophilus spp. 272 (63.6%) 145 (60.9%) 127 (66.8%)
Yeast/Candida spp. 227 (53%) 117 (49.2%) 110 (57.9%)
Streptococcus spp. 160 (37.4%) 88 (37%) 72 (37.9%)
Pseudomonas spp. 155 (36.2%) 81 (34%) 74 (38.9%)
Moraxella spp. 130 (30.4%) 78 (32.8%) 52 (27.4%)
Staphylococcus spp. 84 (19.6%) 44 (18.5%) 40 (21.1%)
Mycobacterium 53 (12.4%) 20 (8.4%) 33 (17.4%)*
Aspergillus spp. 45 (10.5%) 26 (10.9%) 19 (10%)
Non-Aspergillus fungi 39 (9.1%) 20 (8.4%) 19 (10%)
Klebsiella spp. 31 (7.2%) 14 (5.9%) 17 (8.9%)
Burkholderia spp. 22 (5.1%) 12 (5%) 10 (5.3%)
Others 424 (99.1%) 236 (99.2%) 188 (98.9%)

Differences between females and males tested via univariate logistic
regression.
*Indicates signi�cant difference with Romano-Wolf P-value <0.05. spp.,
species.
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cultured together in 134 patients (31.3%; R2 = 0.324,
P < 0.001) and Moraxella spp. with Streptococcus spp. in 80
(18.7%; R2 = 0.330, P < 0.001), with both pairings show-
ing the strongest Pearson pairwise correlations (Fig. S1).
Haemophilus spp. and yeast spp. were the most common
co-cultures identi�ed (153 patients, 35.8%; R2 = 0.085,
P = 1.000); however, Pearson pairwise correlation was
not signi�cant (Table S3).

Relationship of sputum microbiology by
patients’ geographic location

Haemophilus spp. prevalence was stable across the four
health districts (range 61.3%–63.8%) (Fig. 1). However,

Streptococcus spp. prevalence ranged from 22.5% (Darwin
Urban) to 46.2% (Katherine). Pseudomonas spp. was
more common in the Darwin urban region (48.4%),
with little variation between other regions (range
30.1%–38.6%).

On a community-by-community basis (including only
those with >10 bronchiectasis cases), Haemophilus spp.
was the most cultured organism in 11 of 13 communities
(range 43%–87%), with yeast/Candida spp. being the
most cultured in the remaining two of 13 (58% and
59%) (Fig. 2). Yeast/Candida spp. were the second most
common in nine of 13 communities (range 36%–67%),
with Streptococcus spp. the second most common in three
of 13 (36%, 42% and 57%).

Figure 1 Relationship of sputum microbiology by patients’ geographic location in the Top End Health Service districts showing the three most fre-
quently cultured micro-organisms. spp., species.
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