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Background Indigenous children in high-income countries have a heavy burden of bronchiectasis unrelated to cystic
ﬁbrosis. We aimed to establish whether long-term azithromycin reduced pulmonary exacerbations in Indigenous
children with non-cystic-ﬁbrosis bronchiectasis or chronic suppurative lung disease.
Methods Between Nov 12, 2008, and Dec 23, 2010, we enrolled Indigenous Australian, Maori, and Paciﬁc Island
children aged 1–8 years with either bronchiectasis or chronic suppurative lung disease into a multicentre, doubleblind, randomised, parallel-group, placebo-controlled trial. Eligible children had had at least one pulmonary
exacerbation in the previous 12 months. Children were randomised (1:1 ratio, by computer-generated sequence with
permuted block design, stratiﬁed by study site and exacerbation frequency [1–2 vs ≥3 episodes in the preceding
12 months]) to receive either azithromycin (30 mg/kg) or placebo once a week for up to 24 months. Allocation
concealment was achieved by double-sealed, opaque envelopes; participants, caregivers, and study personnel were
masked to assignment until after data analysis. The primary outcome was exacerbation (respiratory episodes treated
with antibiotics) rate. Analysis of the primary endpoint was by intention to treat. At enrolment and at their ﬁnal clinic
visits, children had deep nasal swabs collected, which we analysed for antibiotic-resistant bacteria. This study is
registered with the Australian New Zealand Clinical Trials Registry; ACTRN12610000383066.
Findings 45 children were assigned to azithromycin and 44 to placebo. The study was stopped early for feasibility
reasons on Dec 31, 2011, thus children received the intervention for 12–24 months. The mean treatment duration was
20·7 months (SD 5·7), with a total of 902 child-months in the azithromycin group and 875 child-months in the
placebo group. Compared with the placebo group, children receiving azithromycin had signiﬁcantly lower exacerbation
rates (incidence rate ratio 0·50; 95% CI 0·35–0·71; p<0·0001). However, children in the azithromycin group
developed signiﬁcantly higher carriage of azithromycin-resistant bacteria (19 of 41, 46%) than those receiving placebo
(four of 37, 11%; p=0·002). The most common adverse events were non-pulmonary infections (71 of 112 events in the
azithromycin group vs 132 of 209 events in the placebo group) and bronchiectasis-related events (episodes or
investigations; 22 of 112 events in the azithromycin group vs 48 of 209 events in the placebo group); however, study
drugs were well tolerated with no serious adverse events being attributed to the intervention.
Interpretation Once-weekly azithromycin for up to 24 months decreased pulmonary exacerbations in Indigenous
children with non-cystic-ﬁbrosis bronchiectasis or chronic suppurative lung disease. However, this strategy was also
accompanied by increased carriage of azithromycin-resistant bacteria, the clinical consequences of which are
uncertain, and will need careful monitoring and further study.
Funding National Health and Medical Research Council (Australia) and Health Research Council (New Zealand).

Introduction
Bronchiectasis and chronic suppurative lung disease,
which we collectively term bronchiectasis, unrelated to
cystic ﬁbrosis, is characterised by recurrent bacterial
infection and airway inﬂammation.1,2 Its prevalence is
especially high in Indigenous children from highincome countries such as Australia, New Zealand, and
the USA, ranging from 63 to 1600 per 100 000 children.2
Treatment of bronchiectasis aims to resolve acute
infection and control infection and inﬂammation.
Treatment improves symptoms (persistent or recurrent

wet cough and breathlessness), reduces frequency of
acute pulmonary exacerbations, preserves lung
function, and improves quality of life.1 Pulmonary
exacerbations (especially those needing admission to
hospital) are the only known independent risk factor for
long-term pulmonary decline in children with
bronchiectasis.3 The public health importance of
bronchiectasis is shown by Indigenous Australians
dying from bronchiectasis in the third and fourth
decades of life.4 This poor outcome might be the result
of scarce access to medical care and delayed or
www.thelancet.com/respiratory Vol 1 October 2013
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inadequate treatment early in life, since lung function is
stable when children are managed optimally.4
Because bacteria have a central role in pathogenesis,5
antibiotics are used to reduce bacterial load and
accompanying airway inﬂammation.1,6 Antibiotics are
administered regularly for treatment of exacerbations;1,6
however, their use as maintenance therapy over
prolonged periods is controversial. Although long-term
antibiotics might reduce exacerbations, the absence of
high-quality evidence in children (and concerns about
antibiotic resistance) means they are not recommended
as routine treatment.1 Moreover, evidence is also scarce
for Indigenous populations, who are among the most
disadvantaged groups in aﬄuent countries and for whom
optimum management of disease is often most diﬃcult
to achieve.
In children with cystic ﬁbrosis, 6 months of treatment
with azithromycin leads to modest improvement in lung
function, reduced pulmonary exacerbation rates, and
improved weight gain.7 Its antimicrobial eﬀects, antiinﬂammatory actions, and prolonged half-life (allowing
once-weekly oral dosing)8 make azithromycin an
attractive option for maintenance treatment. Randomised
controlled trials in adults with bronchiectasis showed
that 6 months and 12 months of azithromycin reduced
rates of pulmonary exacerbation and respiratory
symptoms.9,10 By contrast, there are no reported
randomised controlled trials of long-term antibiotics in
children with bronchiectasis, even though infective
exacerbations in developing lungs could lead to
substantial impairment of lung function in adulthood.11
Our study (the Bronchiectasis Intervention Study)
aimed to establish whether long-term (24 months)
antibiotic treatment with azithromycin would reduce the
rate of pulmonary exacerbations in Indigenous children
with non-cystic-ﬁbrosis bronchiectasis. We also
monitored for serious adverse events associated with
azithromycin and examined its eﬀect on nasopharyngeal
carriage of bacterial pathogens.12

Methods
Study design and participants
We did this multicentre, double-blind, randomised,
parallel-group, placebo-controlled trial in Australia and
New Zealand. Details of this study were described
previously.13 Brieﬂy, between Nov 12, 2008, and Dec 23,
2010, we enrolled Indigenous children from community
clinics in central and northern Australia, and urban Maori
and Paciﬁc Island children from a tertiary paediatric
hospital in Auckland (New Zealand) who were aged
1–8 years, lived within the study area, had either
bronchiectasis conﬁrmed radiographically by highresolution CT (HRCT) scans or chronic suppurative lung
disease (bronchiectasis suspected clinically when HRCT
scans were unavailable), and had had at least one
pulmonary exacerbation in the past 12 months. Children
were excluded if they were receiving chemotherapy,
www.thelancet.com/respiratory Vol 1 October 2013

immunosuppressive treatment, or long-term antibiotics;
had an underlying cause for their bronchiectasis (eg, cystic
ﬁbrosis, primary immunodeﬁciency), other chronic
disorders (eg, cardiac, neurological, renal, or hepatic
abnormality), or macrolide hypersensitivity. All study
participants had been investigated previously in accordance
with national guidelines on chronic suppurative lung
disease and bronchiectasis (appendix).14 Human research
ethics committees of all participating institutions approved
the study. Caregivers provided written informed consent.
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Randomisation and masking
An independent statistician used a computer-generated,
permuted-block design to provide the randomisation
sequences. Children were allocated in a 1:1 ratio (stratiﬁed
by study site and exacerbation frequency in the preceding
12 months [1–2 vs ≥3 episodes]) to azithromycin or
placebo. Allocation concealment was achieved by
sequentially numbered, double-sealed, opaque envelopes.
An independent person at the Queensland Institute of
Medical Research (Brisbane, QLD, Australia) prepared
the individual envelopes labelled with the randomisation
number that contained the treatment code inside. Study
drugs (powder for reconstitution to suspension) were in
identical packaging and the placebo (Institute of Drug
Technology, Melbourne, VIC, Australia) was much the
same in appearance, taste, and smell to azithromycin
(Pﬁzer Australia, West Ryde, NSW, Australia).
Participants, families, health professionals, and study
personnel were unaware of treatment assignment until
data analysis was completed.

Procedures
Children entered the study when they were clinically
stable (at least 8 weeks after their last exacerbation) as
decided by clinic staﬀ; children who were already
receiving azithromycin (four in each treatment group)
had the antibiotic discontinued and underwent a 3 month
washout period before commencing the study. Participants received either oral azithromycin (30 mg/kg;
maximum 600 mg) or placebo once weekly for 24 months
from study entry. For feasibility reasons (slow recruitment
and funding limitations), the intervention was ceased on
Dec 31, 2011. Thus the actual intervention period ranged
from 12 months to 24 months.
Study drug was administered under direct supervision
at the community clinic (Australia) or at the child’s home,
preschool, or school (New Zealand). New Zealand
children also had scheduled hospital-clinic visits.
Research nurses contacted the community clinic, child’s
caregiver, preschool, or school weekly to record drug
adherence (children receiving medication and, if any,
children who were absent from the community) and any
issues with administration, such as the child spitting out
the medication. These data were recorded in a participant
medication logbook. Study personnel did a medical
review every 3–4 months. Because participants received
611
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their clinical care at community or hospital-based clinics,
all medically attended exacerbation episodes were
captured. Children were withdrawn (treatment failure) if
exit criteria occurred (six or more outpatient-managed
pulmonary exacerbations or four or more hospital
inpatient-managed pulmonary exacerbations, over
12 months). Local clinicians or investigators were also
able to withdraw children at any time if they decided that
further participation was likely to be harmful.
At enrolment and at their ﬁnal clinic visits, children
had deep nasal swabs collected, which were placed into
skim-milk tryptone glucose glycerol broth, and
transported to the laboratory for storage at –80°C until
testing, as described previously.12 Batches of swabs were
thawed and 10 μL aliquots cultured overnight on selective
media at 37°C in 5% CO2. We did antibiotic susceptibility
testing on Streptococcus pneumoniae, Haemophilus
inﬂuenzae, Moraxella catarrhalis, and Staphylococcus
aureus isolates using methods described previously.12
Serious adverse events were any unexpected medical
occurrence that resulted in death or was life-threatening,
caused signiﬁcant disability or incapacity or admission to
hospital, or prolonged existing hospital stay. All serious
adverse events were reported to an independent data
safety monitoring board.13 When serious adverse events
were judged to be associated with the study drug, the drug
was ceased (although the child continued to be monitored).

The primary outcome was pulmonary exacerbation
rate as established by medical record review (number of
episodes per child-year over the study period). We
deﬁned pulmonary exacerbation as treatment by clinic
or hospital staﬀ with antibiotics for any of the following
(as recorded in the medical chart): increased cough,
dyspnoea, increased sputum volume or colour intensity,
new chest examination or radiographic ﬁndings,
deterioration in predicted forced expiratory volume in
1-second (FEV1) percentage by more than 10%, or
haemoptysis. All treatments of acute exacerbations were
with non-macrolide antibiotics and we counted all clinic
visits for a respiratory infection within 2 weeks as part of
the same exacerbation.
Secondary outcomes were: time to ﬁrst pulmonary
exacerbation, duration of exacerbation episode (discharge
date minus admission date plus 1 day), severity (admission
to hospital, oxygen supplementation), weight-for-age
Z-scores (Z-score at last study clinic minus its value at
baseline), respiratory signs and symptoms (assessed by
study personnel on history and physical examination),
sputum characteristics (using a validated sputum colour
chart, Bronkotest [Bronkotest, Middlesex, UK]),15 school
absenteeism, FEV1 percentage in those aged 6 years and
older, serious adverse events, and antibiotic resistance in
bacterial pathogens cultured from deep nasal swabs. All
data were recorded on standardised forms.

Statistical analysis
92 eligible patients

3 caregivers declined to participate

89 enrolled and randomised

45 allocated to azithromycin

44 allocated to placebo

45 received allocated intervention

44 received allocated intervention

1 no follow-up visits to
study clinic

4 discontinued intervention
1 withdrawn by treating
paediatrician
1 withdrawn by parents
1 refused medication
1 fulfilled exit criteria

Figure 1: Trial proﬁle

612

3 no follow-up visits to
study clinic
2 <12 months’ follow-up

4 discontinued intervention
2 withdrawn by treating
paediatrician
1 fulfilled exit criteria
1 moved out of study

40 completed the study
(minimum 12 months)

35 completed the study
(minimum 12 months)

45 included in primary analyses
(intention to treat)

44 included in primary analyses
(intention to treat)

The sample size and power calculations were based on
previous data;16 we anticipated that participants in the
placebo group would have four episodes during the
24-month trial period. Guided by results from an earlier
randomised trial of azithromycin in patients with cystic
ﬁbrosis,17 we assumed pulmonary exacerbations would
be reduced by 50% in the intervention and by 15% in the
placebo group. 51 participants per group would give
90% power to detect an average diﬀerence of
1·4 respiratory exacerbations per participant over a 2-year
period at the 5% level of signiﬁcance.
Analysis of the primary endpoint was by intention to
treat. Analysis of secondary endpoints was by modiﬁed
intention to treat, excluding patients with missing data,
except for the analysis of nasal swabs, which was done
only for participants with swabs available from baseline
and last clinic visits. Summary statistics are presented
as either mean (SD) or median (range) for continuous
data, depending on their distribution, and as frequency
(percentage) for categorical data. All tests were twotailed, 95% CIs were reported where appropriate, and
statistical signiﬁcance was set at α=0·05. All outcomes
with count data, including the primary outcome of
number of pulmonary exacerbations, were modelled
using negative binomial regression with robust SEs.
Main eﬀects included in the model were treatment
group and the two stratiﬁcation variables, study site
and exacerbation frequency in 12 months before trial
www.thelancet.com/respiratory Vol 1 October 2013
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Azithromycin (n=45)

Placebo (n=44)

Sociodemographic characteristics
Age at enrolment (years)
Boys

3·99 (2·14)

4·22 (2·30)

26/45 (58%)

21/44 (48%)

Female caregiver completed high school

14/38 (37%)

12/40 (30%)

Mother used tobacco in pregnancy

14/42 (33%)

12/42 (29%)

HRCT-proven bronchiectasis

34/45 (76%)

39/44 (89%)

Medical history
Premature at birth
Birthweight (g)
Mechanical ventilation needed in the neonatal period

13/45 (29%)

16/41 (39%)

3176 (974; n=44)

2808 (1152; n=39)

2/43 (5%)

9/41 (22%)

Breastfed as an infant

37/43 (86%)

31/43 (72%)

Number of previous respiratory episodes

12 (1 to 38)

13 (4 to 39)

Age at ﬁrst respiratory episode (months)

5·5 (0·4 to 51)

4·2 (0·0 to 22)

Number of respiratory episodes needing admission to hospital

3 (0 to 17)

4 (0 to 16)
4·2 (0·0 to 54)

Age at ﬁrst respiratory episode needing admission to hospital (months)

6·5 (0·4 to 29)

Number of previous pneumonia episodes

2 (0 to 11)

3 (0 to 10)

Age at ﬁrst pneumonia episode (months)

9·3 (0·37 to 47; n=40)

6·8 (0·0 to 54; n=39)

Number of previous reactive airways disease episodes
Wheeze in past 12 months
Age at ﬁrst wheeze (months)
Antibiotic use in the 2 weeks before enrolment

1 (0 to 22)

1 (0 to 27)

21/44 (48%)

18/44 (41%)

4·6 (4·57; n=34)
16/40 (40%)

7·3 (2·83; 38)
12/36 (33%)

First clinical examination
Normal respiratory examination

17/45 (38%)

23/44 (52%)

Respiratory crackles present

11/45 (24%)

10/44 (23%)

Wheeze present

5/45 (11%)

3/44 (7%)

BronkoTest colour chart*

3·5 (2 to 5; n=10)

4 (2 to 4; n=9)

Weight-for-age Z-score

0·35 (–1·98 to 8·66)

–0·15 (–2·60 to 6·40)

Data are mean (SD), n/N (%), or median (range). Information was unavailable for various items in one to 17 children (detailed in appendix). HRCT=high-resolution CT.
*A standardised and validated colour chart used to grade sputum visually in which 1=non-purulent, 5=purulent and dark (worse).15

Table 1: Sociodemographic, medical history, and baseline characteristics of participants by treatment group

enrolment (1–2 vs >3 episodes). To account for the
diﬀerent amounts of study time contributed by each
participant we included years in study as an oﬀset.
Results are reported as incidence rate ratios (IRRs).
Binary outcomes were modelled using logistic
regression and are reported as odds ratios (ORs). Main
eﬀects included in the model were treatment group and
stratiﬁcation variables. Continuous outcomes were
modelled using linear regression and mean diﬀerences
(MD) are reported. Main eﬀects included in the model
were treatment group, stratiﬁcation variables, and years
in study. Time to ﬁrst exacerbation was assessed using
Kaplan-Meier survival curves. The curves were
compared with the log-rank test statistic. Cox
proportional hazard modelling was used to calculate
hazard ratios (HRs), after testing the proportional
hazards assumption was justiﬁed. Estimates were
adjusted for the stratifying factors. The reporting period
was for 24 months or until censor time (Dec 31, 2011, or
earlier if discontinuing treatment). We used the
Statistical Package for Social Science (version 20) and
Stata (version 12.0) to do the analysis. We used Epi Info
www.thelancet.com/respiratory Vol 1 October 2013

(version 3.5.3) to calculate weight-for-age Z-scores and
prevalence rates (with 95% CI).
Post-hoc subgroup analyses were also done, including
participants taking 70% or more of their expected doses,
those who received the intervention for 23–24 months,
children with HRCT-proven bronchiectasis, children
who had at least two hospital-managed pulmonary
exacerbations before enrolment, children who had at
least ten pulmonary exacerbations before enrolment,
and those carrying any respiratory bacterial pathogens
at baseline. In a post-hoc sensitivity analysis, analyses
were rerun after the inclusion of the potential
confounders birthweight, children with history of
mechanical ventilation as neonates, and breastfeeding
as main eﬀects in regression models.16
This trial is registered with the Australian New Zealand
Clinical Trials Registry, number ACTRN12610000383066.

Role of the funding source
The sponsors of the study had no role in study design,
data collection, data analysis, or data interpretation, or
writing of the report. PSM, ABC, CAB, IT, PCV, RSW,
613
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Azithromycin
Placebo
Azithromycin-censored
Placebo-censored

Proportion of children exacerbation free (%)

80

60

40

Placebo (n=44)

0

9 (20%)

1

7 (16%)

4 (9%)
7 (16%)

2

9 (20%)

5 (11%)

3

10 (22%)

4 (9%)

4

5 (11%)

5 (11%)

5

4 (9%)

1 (2%)

6

0

3 (7%)

7

0

8 (18%)

8

0

3 (7%)

9

1 (2%)

1 (2%)

10

0

2 (5%)

14

0

1 (2%)

Hospital-managed

20

Hazard ratio 0·63; 95% CI 0·40–1·00; p=0·05
Log-rank p=0·12

0

Number at risk
Azithromycin
Placebo

0

6

45
44

21
12

12
Follow-up time (months)
13
6

18

24

11
5

9
4

Figure 2: Kaplan-Meier curves showing the proportion of children remaining exacerbation-free during the
intervention period

GBM, and CM had access to the raw data. The
corresponding author had full access to all the data in
the study and the ﬁnal responsibility for the decision to
submit for publication.

Results
Of 92 eligible children, 89 were enrolled, 45 were
randomised to receive azithromycin and 44 placebo
(ﬁgure 1). Of children enrolled, 75 (84%) received the
intervention for 12 months or more (52 children [58%]
received the intervention for 23–24 months [26 in each
group] and 11 children [12%] for 18–22 months [ four in
the placebo group and seven in the azithromycin
group]). Table 115 shows baseline characteristics. The
most substantial diﬀerence was mechanical ventilation
with more children in the placebo group needing
ventilation as neonates compared with those in the
azithromycin group (22% vs 5%). However, participants
in the azithromycin group were also less likely to be
premature (29% vs 39%), fewer had proven
bronchiectasis (76% vs 89%), and their ﬁrst admission
to hospital for respiratory disease occurred later in life
(mean of 6·5 vs 4·2 months).
The mean duration of intervention in both groups was
20·7 months (SD 5·7), with a total of 902 child-months
in the azithromycin group and 875 child-months in the
placebo group. All children were included in the primary
614

Azithromycin (n=45)
Any exacerbation

0

42 (93%)

35 (80%)

1

1 (2%)

5 (11%)

2

1 (2%)

3 (7%)

3

0

1 (2%)

5

1 (2%)

0

Table 2: Distribution of pulmonary exacerbations per participant during
the course of the study, by treatment group

endpoint analyses, including four children who had
primary outcomes measured, but who failed to attend
any follow-up study visits. Overall, eight children ceased
the intervention early, mainly after being withdrawn by
their treating physician or because of treatment failure
(two in the azithromycin group, three in the placebo
group). Medication logbook recordings showed that
adherence was 88% in the azithromycin and 84% in the
placebo group (p=0·83).
Compared with those receiving placebo, participants in
the azithromycin group were signiﬁcantly less likely to
have pulmonary exacerbations (incidence rate ratio [IRR]
0·50; 95% CI 0·35–0·71; p<0·0001). For hospital-managed
exacerbations, the IRR was 1·08 (95% CI 0·19–6·26).
Although time to the ﬁrst pulmonary exacerbation was
longer in the azithromycin group compared with the
placebo group, the diﬀerence was not signiﬁcant (p=0·12;
ﬁgure 2). Children receiving azithromycin were less likely
to have any exacerbations after study enrolment (HR 0·63;
95% CI 0·40–1·00; p=0·05) and to have an exacerbation
needing admission to hospital (HR 0·31; 95% CI
0·08–1·15; p=0·08) than were those receiving placebo, but
results were not signiﬁcant. Table 2 shows the distribution
of pulmonary exacerbations by treatment group.
The only signiﬁcant diﬀerence in clinical examination
ﬁndings (last study clinic visit items) was that weight-forage Z-scores were signiﬁcantly better in the azithromycin
group (table 3). Severity of pulmonary exacerbation
episodes was examined by length of hospital stay and need
for oxygen supplementation. Median length of stay for
hospital-managed exacerbations was 7·2 days (range
3·5–16·0) in the azithromycin group versus 12·0 days
www.thelancet.com/respiratory Vol 1 October 2013
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increased carriage of azithromycin-resistant bacteria
(table 4). Overall, the odds of carrying azithromycinresistant bacteria were seven times greater in the
azithromycin group than in the control group. None of
the children had Pseudomonas aeruginosa detected.
Of the 15 children in the azithromycin group colonised
with H inﬂuenzae at baseline, only one was colonised at
the last visit, while of the nine placebo recipients carrying
H inﬂuenzae at baseline, ﬁve still carried the organism at
their last visit. By contrast, of the 12 children with
azithromycin-resistant S pneumoniae at the last visit, only
two had been colonised at baseline (both in the

(2·5–17·0) in the placebo group (p=0·58). Of the
22 hospital episodes, only three episodes involving three
children in the placebo group needed oxygen. We identiﬁed
no diﬀerence in the number of school-age (≥6 years)
children (n=40) reporting reduced school attendance as a
result of their cough (three of 18 [17%] in the azithromycin
group vs six of 22 [27%] in the placebo group, p=0·48).
The nasal swab bacteriological proﬁle of the groups
was much the same at baseline (table 4). Substantial
diﬀerences emerged at study completion with lower
carriage of H inﬂuenzae and M catarrhalis in the
azithromycin group compared with placebo, but

Azithromycin

Placebo

OR* or IRR† or MD‡ (95% CI)

p value

104 (2 [0–9])

195 (4 [0–14])

IRR 0·50 (0·35 to 0·71)

<0·0001

14 (0 [0–3])

IRR 1·08 (0·19 to 6·26)

0·93

Medical chart review items§
Number of pulmonary exacerbations (median [range])
Number of hospital-managed pulmonary exacerbations (median [range])

8 (0 [0–5])

Children exacerbation-free at 24-months

9 (20%)

4 (9%)

OR 0·39 (0·11 to 1·41)

0·15

42 (93%)

35 (80%)

OR 0·25 (0·06 to 1·07)

0·06

Children exacerbation-free (hospital-managed) at end of intervention period
Last study clinic visit items¶

OR 0·93 (0·32 to 1·54)

0·003

Current cough in the past 3 months

13 (30%)

1·03 (1·91)

17 (41%)

OR 0·56 (0·22 to 1·39)

0·21

Normal respiratory examination

0·56

Mean (SD) weight-for-age Z score||

0·20 (1·25)

24 (55%)

19 (46%)

OR 1·32 (0·51 to 3·47)

Wheeze on auscultation

1 (2%)

2 (5%)

OR 0·50 (0·04 to 5·97)

0·58

Respiratory crackles on auscultation

3 (7%)

8 (20%)

OR 0·31 (0·08 to 1·29)

0·11

Mean (SD) predicted FEV1 % **

84·7 (12·9)

Sputum present ††

81·0 (18·3)

MD 4·08 (–5·23 to 13·40)

0·38

11 (27%)

OR 0·44 (0·14 to 1·39)

0·16

6 (14%)

Data are n (%), unless otherwise speciﬁed. OR=odds ratio. IRR=incidence rate ratio. MD=mean diﬀerence. FEV1 %=percentage predicted forced expiratory volume in 1 second.
*Multivariable logistic regression model, adjusting for the stratifying factors. †Negative binomial regression model, including treatment group and the stratifying factors
(number of years spent in the study was included as an oﬀset). ‡Linear regression, adjusting for the stratifying factors. §n=45 in azithromycin group and 44 in placebo group.
¶n=44 in azithromycin group and 41 in placebo group. ||Information available for 44 children in the azithromycin group and 38 children in the placebo group. **Test done in
42 children.††Children either produced sputum at the last clinic or parents reported presence of sputum.

Table 3: Study endpoints by treatment group

At enrolment

At end of study

OR (95%CI)*

Azithromycin
(n=41)

Placebo
(n=37)

Azithromycin
(n=41)

Placebo
(n=37)

p value

14 (34%)

12 (32%)

14 (34%)

12 (32%)

0·83 (0·24–2·79)

0·76

Azithromycin-resistant S pneumoniae

5 (12%)

6 (16%)

11 (27%)

1 (3%)

14·62 (1·70–125·88)

0·015

Penicillin non-susceptible S pneumoniae

5 (12%)

7 (19%)

6 (15%)

6 (16%)

0·96 (0·25–3·64)

0·95

15 (37%)

9 (24%)

3 (7%)

14 (38%)

0·10 (0·02–0·42)

0·002

Streptococcus pneumoniae carriage

Haemophilus inﬂuenzae carriage
Azithromycin-resistant H inﬂuenzae

1 (2%)

0

0

0

··

Ampicillin-resistant H inﬂuenzae

1 (2%)

3 (8%)

1 (2%)

1 (3%)

··

8 (20%)

4 (11%)

11 (27%)

4 (11%)

2·96 (0·84–10·48)

0·09

Azithromycin-resistant S aureus

5 (12%)

2 (5%)

11 (27%)

3 (8%)

4·11 (1·02–16·46)

0·046

Meticillin-resistant S aureus

5 (12%)

2 (5%)

5 (12%)

3 (8%)

1·82 (0·37–9·09)

0·47

7 (17%)

6 (16%)

0

9 (24%)

··

··

7 (17%)

3 (9%)

0

5 (15%)

··

··

27 (66%)

20 (54%)

22 (54%)

22 (60%)

0·60 (0·21–1·65)

0·32

10 (24%)

8 (22%)

19 (46%)

4 (11%)

7·39 (2·15–25·39)

0·002

Staphylococcus aureus carriage

Moraxella catarrhalis carriage
Ampicillin-resistant M catarrhalis†
Bacterial carriage (any of the above)
Azithromycin-resistant bacteria (any)

··
··

Data are n (%). Data included 78 children who provided two swabs (baseline and at least one follow-up swab). Resistance was deﬁned using European Committee on
Antimicrobial Susceptibility Testing (EUCAST) breakpoints. None of the children had Pseudomonas aeruginosa detected. *Multivariable logistic regression model, adjusting for
the stratifying factors and preintervention carriage. †Three nasal swabs positive for M catarrhalis were not tested from New Zealand children.

Table 4: Paired deep nasal swab microbiology at enrolment and at the end of the intervention period

www.thelancet.com/respiratory Vol 1 October 2013

615

Articles

Bronchiectasis related (episode or
investigation)

Needing admission to
hospital

All

Azithromycin Placebo
(24 events in (39 events in
19 children)
11 children)

Azithromycin
(112 events in
26 children)

16 (67%)

22 (20%)

48 (23%)

71 (63%)

132 (63%)

25 (64%)

Placebo
(209 events
in 28 children)

Non-pulmonary infection

4 (17%)*

5 (13%)†

Surgery

3 (13%)

3 (8%)

3 (3%)

3 (1%)

Dental procedures

0

2 (5%)

0

2 (1%)

Accident, fracture, foreign body

0

1 (3%)

2 (2%)

2 (1%)

Burn

1 (4%)

0

1 (1%)

0

Glomerulonephritis

0

1 (3%)

0

1 (1%)

Investigations unrelated to bronchiectasis

0

2 (5%)

2 (2%)

2 (1%)

Dosage error in administration of trial drug

0

0

3 (3%)

1 (1%)

Eye disease

0

0

0

2 (1%)

Hyperactive at school after medication

0

0

2 (2%)

Spat, vomited medication, or had less than
full dosage

0

0

6 (5%)

0
16 (8%)

Data are n (%) of total adverse events. *One child had a gastrointestinal infection. †Two children had a
gastrointestinal infection.

ventilation (data not shown). The threshold value of 70%
(decided before data analyses, but after protocol
development) was based on reported adherence rates in
other studies.18,19 No other diﬀerences from the main
results were identiﬁed with a sensitivity analysis restricted
to the 52 children who received the intervention for
23–24 months (appendix). When the analysis was restricted
to 73 children with HRCT-proven bronchiectasis
(appendix), a diﬀerence in favour of azithromycin was still
seen, and the eﬀect sizes between treatments were either
much the same as for the main analysis, or increasing in
favour of azithromycin. Subgroup analyses including
children at highest risk, such as those who had two or
more hospital-managed pulmonary exacerbations before
enrolment (appendix), those who had ten or more
pulmonary exacerbations before enrolment (appendix),
and children carrying any respiratory bacterial pathogens
at baseline (appendix) also showed much the same (or
increased) eﬀect sizes as the main results, favouring the
azithromycin group. No other diﬀerences from the main
results were identiﬁed with a sensitivity analysis adjusting
for potential confounders (data not shown).

Table 5: Adverse events

Discussion
azithromycin group), and the only child with
azithromycin-resistant S pneumoniae at the last visit in
the placebo group was also negative at baseline.
Study drug was generally well tolerated. There were
203 episodes of non-pulmonary infection, 70 bronchiectasis-related episodes (treatment or investigations), and
22 episodes of spitting or vomiting the study drug
reported to the data safety monitoring board as adverse
events (table 5). There were 63 admissions to hospital
because of serious adverse events (11 children in the
azithromycin and 19 in the placebo group). Of these,
41 were attributable to either exacerbation or an
investigation related to bronchiectasis (eg, bronchoscopy).
All children recovered (or were recovering) from these
illnesses at the time of study completion.
In addition to clinic visits for respiratory exacerbations,
post-hoc analyses of antibiotic use for non-pulmonary
infections showed 71 clinically diagnosed bacterial
illnesses recorded in the azithromycin group (26 children)
and 132 in children receiving placebo (28 children;
IRR 0·50; 95% CI 0·31–0·81; p=0·005). All these
illnesses were treated with non-macrolide antibiotics,
mostly amoxicillin or amoxicillin-clavulanate. The most
common diagnoses were otitis media and skin and soft
tissue infections. There were 23 visits for otitis media in
the azithromycin group, with 30 visits in the placebo
group (0·67; 0·32–1·38; p=0·27), and 12 visits for skin
and soft tissue infections in the azithromycin, with 26 in
the placebo group (0·41; 95% CI 0·17–1·00; p=0·05).
Post-hoc subgroup analyses showed increased eﬃcacy
for azithromycin when conﬁned to children who received
more than 70% of their study drug (appendix), and when
restricted to the 78 children without a history of mechanical
616

We showed that once-weekly azithromycin administered
for 12–24 months to Indigenous children with non-cysticﬁbrosis bronchiectasis or chronic suppurative lung
disease signiﬁcantly reduced pulmonary exacerbations
and improved weight-for-age Z-scores. Additionally, posthoc analysis showed that children given azithromycin
had signiﬁcantly fewer non-pulmonary illnesses treated
acutely with non-macrolide antibiotics. The study drug
was well tolerated with no trial-medication-related
diﬀerences in serious adverse events between the two
groups. However, a signiﬁcant increase in macrolide
resistance in respiratory bacterial pathogens colonising
the nasopharynx occurred in the azithromycin-group.
Although the few diﬀerences between groups at baseline
could have biased the results in favour of the azithromycin
group, sensitivity analyses and adjustment in
multivariable models showed that these imbalances did
not aﬀect the overall results.
Antibiotics have a major role in management of
bronchiectasis. Our study supports use of maintenance
azithromycin for up to 2 years to decrease exacerbations
in Indigenous children with non-cystic-ﬁbrosis
bronchiectasis. Reduction of exacerbations might also
help to preserve future lung function and quality of life.
Short-term antibiotic treatments are recommended to
reduce the bacterial load and to improve airway and
systemic inﬂammatory proﬁles.6 In adults with noncystic-ﬁbrosis bronchiectasis a cohort study20 and three
randomised controlled trials9,10,21 (maximum duration
12 months) have shown that macrolide antibiotics
resulted in fewer pulmonary exacerbations; in two10,21 of
the three randomised controlled trials (both 12 months
duration) lung function was also improved. By contrast,
www.thelancet.com/respiratory Vol 1 October 2013
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the sole published placebo-controlled randomised trial
assessing antibiotic eﬃcacy in children was small and
reported reduced sputum purulence and airway hyperresponsiveness in the 13 children who received 3 months
of roxithromycin.22 As far as we are aware, our trial
examined azithromycin eﬃcacy for longer than any
previous study in children or adults (panel). Although
studies in patients with cystic ﬁbrosis showed beneﬁcial
eﬀects for azithromycin, it was important to obtain
evidence speciﬁc to non-cystic-ﬁbrosis bronchiectasis in
children because extrapolation from cystic ﬁbrosis trials
might be harmful, and bronchiectasis in children and
adults can diﬀer in several ways (eg, in respiratory
pathogens, degree of inﬂammation, eﬀect of lung
development, and assessment of clinical outcomes).2
Our study design, like other placebo-controlled,
randomised trials,9,10,21 does not allow determination of
the most suitable macrolide antibiotic or identify which
patients are most likely to beneﬁt from regular macrolide
use. However, in our post-hoc analyses, eﬀect sizes for
diﬀerences between the groups were marginally larger in
children who had two or more admissions to hospital for
bronchiectasis exacerbations or who were carrying
respiratory bacterial pathogens at baseline. Also, during
the intervention period (table 3), the azithromycin group
had predominantly lower number of exacerbations and
the placebo group had a higher number (2% in the
azithromycin group had more than ﬁve episodes vs 20%
in the placebo group). Thus, on the basis of our study
and those in adults,9,10,20 we believe that at this stage longterm azithromycin for 12–24 months should be
considered for Indigenous children with bronchiectasis
who have frequent exacerbations (at least two) needing
medical intervention in the previous 12 months,
especially if these episodes need admission to hospital.
Nevertheless, widespread use of macrolide antibiotics
risks inducing antibiotic resistance in bacterial
pathogens in the respiratory tract.23 The positive aspect
of azithromycin—a prolonged half-life, allowing onceweekly dosing—is counterbalanced by extended periods
of subinhibitory antibiotic concentrations that increase
the risk of antibiotic resistance developing in the child’s
resident nasopharyngeal ﬂora. Furthermore, clonal
expansion of resistant strains increases the risk of their
transmission to untreated individuals within the
community.23,24 Consequently, the clinical beneﬁts of
long-term azithromycin treatment must be weighed
against increased antibiotic resistance in respiratory
bacterial pathogens as shown previously in children
from Indigenous Australian and African communities
after even one dose of azithromycin.24,25 Although in our
study azithromycin reduced both H inﬂuenzae and
M catarrhalis, these organisms were replaced by strains
of macrolide-resistant S pneumoniae and S aureus.
Indeed, 79% of children carrying S pneumoniae in the
azithromycin group had macrolide-resistant strains,
compared with 8% of those receiving placebo, and 5% in
www.thelancet.com/respiratory Vol 1 October 2013

Panel: Research in context
Systematic review
Before our study’s commencement, we did two searches of the scientiﬁc literature: one
focusing on controlled trials for bronchiectasis and chronic suppurative lung disease and
the second focusing on azithromycin. For the ﬁrst we searched PubMed and Cochrane
Central Library databases using the text-words “bronchiectasis” or “suppurative lung
disease” and “controlled trials”. We indentiﬁed few randomised controlled trials of
non-cystic-ﬁbrosis bronchiectasis and no long-term studies in either children or adults.
For the second strategy, we used keywords “macrolide” or “azithromycin” AND
“respiratory” or “chest” in the same databases. Searches were restricted to reports in
English. The last searches were done on Feb 12, 2005.
Interpretation
As far as we are aware, this is the ﬁrst long-term randomised controlled trial assessing the
use of a macrolide antibiotic in children with non-cystic-ﬁbrosis bronchiectasis or chronic
suppurative lung disease. Our study supports and extends trial data for 6–12 months of
macrolides in adults with bronchiectasis.9,10,21 A treatment strategy of up to 24 months of
weekly azithromycin reduced respiratory exacerbations by 50%, but was accompanied by
increased carriage of azithromycin-resistant bacteria. However, acute use of antibiotics
for other non-pulmonary infections was also reduced. Weekly azithromycin for up to
12–24 months could be considered for Indigenous children with bronchiectasis or chronic
suppurative lung disease, who in the past 12 months, have had at least two exacerbations
needing medical intervention, especially if these exacerbations resulted in admission to
hospital. However, macrolide antibiotic resistance will need close monitoring at an
individual and community level, although its clinical signiﬁcance is still to be established.

colonised Aboriginal children from the same communities immediately before commencement of this
study.26 The clinical consequences of these observations
to the participants and broader community are unknown
and are complicated by the absence of a clear association
between in-vitro susceptibility results for macrolides and
clinical outcomes, especially in S pneumoniae isolates.27
Nevertheless, the potential risk of treatment failures
during empirical macrolide therapy remains. Treatment
failure has been reported in children and adults receiving
macrolide monotherapy for bacteraemic pneumonia
caused by S pneumoniae isolates resistant to
erythromycin.28 The high rates of skin and soft tissue
infection in Indigenous children in Australia and New
Zealand also need consideration.29 Management of these
and other more severe staphylococcal infections could
be compromised by increasing macrolide resistance in
communities where person-to-person transmission is
common and where meticillin resistance already limits
initial empirical antibiotic choices.30 Despite these
concerns, children in the azithromycin group had
signiﬁcantly less overall acute antibiotic use compared
with those receiving placebo. This observation is
consistent with the reported short-term, non-respiratory
beneﬁts in azithromycin mass distribution programmes
for trachoma in African children.31,32 Furthermore, the
higher use of acute antibiotics in the placebo group
might have reduced their risk of exacerbations and
masked an even greater beneﬁt of azithromycin in study
participants.
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Other possible adverse events from prolonged
azithromycin use need to be considered. Despite
sensorineural hearing loss being described in adults,33
we did not assess hearing because the very high levels of
otitis media (up to 91% of children)34 would make
interpretation diﬃcult. Also, we did not test systematically
for non-tuberculous mycobacteria because, at present,
these organisms are detected rarely in children with noncystic-ﬁbrosis bronchiectasis.5,12 Furthermore, theoretical
concerns about azithromycin increasing susceptibility to
mycobacteria have not been realised in populations with
cystic ﬁbrosis and there is emerging evidence that
azithromycin might even protect against such
infections.35,36 A major advantage of azithromycin is its
long half-life (see protocol13 for discussion of choice and
dose regimen). Compared with other populations,
Indigenous families, particularly those living in remote
communities, have lower levels of education and higher
socioeconomic disadvantage. This contributes to
diﬃculties with securing medicines and adhering to
long-term, frequent treatment regimens. Consequently,
simpliﬁed and supervised once-weekly regimens have
substantial advantages.
Our ﬁndings should be considered in the context of the
study methods. All post-hoc analyses were not
prespeciﬁed and should be interpreted with caution. Our
high response rate (97%) limits the potential for selection
bias. The study was done in two very diﬀerent settings:
one in remote Indigenous communities in Australia with
little health-care provision (some children lived in remote
communities and needed a plane ﬂight to be seen by the
study team) and another in a tertiary hospital in a city in
New Zealand. At the time the study commenced,
maintenance weekly azithromycin was rarely used in
central Australia and the Torres Strait (two regions of
recruitment), but common in the top end of the Northern
Territory. In New Zealand, government funding of
azithromycin was restricted to treatment of chlamydiaassociated sexually transmitted infections and used
rarely for other indications. The small number of
children who were taking long-term azithromycin for
bronchiectasis had a 3-month washout period and so a
carry-over eﬀect is unlikely in this trial.
We targeted Indigenous children because they are
among the most disadvantaged groups in Australia and
New Zealand and have a greater disease burden than do
others in the community.37 Our study is likely to have
implications for children in developing countries too,
since disadvantaged Indigenous children in Australia
and New Zealand share a similar burden of respiratory
illness with those living in developing countries.38–40
The inclusion of local community workers, and use of
strict protocols for inclusion and exclusion criteria,
monitoring of adherence, collection of data, and
measurement of study endpoints reduced the
potential limitation of heterogeneity in study settings.
Administration of study drugs under direct supervision
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aided the successful conduct of the study. All medically
attended respiratory episodes needing antibiotics were
captured. However, episodes that did not result in a
presentation to the clinic or hospital, and therefore not
recorded in the medical records, were not captured, and
nor were adverse events not needing medical attention. We
have no reason to suspect that underreporting of episodes,
if any, would have been diﬀerentially biased because the
number of respiratory episodes before enrolment was
much the same in both groups. However, the study was
underpowered for the detection of small diﬀerences
between groups, particularly with the subgroup analyses.
Nevertheless, even though our ﬁnal enrolment of 89
participants was less than the original sample size estimate
of 102 participants, the trial still detected statistically
signiﬁcant diﬀerences between the intervention and
placebo groups. This limitation is most relevant when
assessing secondary study outcomes for which information
was not available for all children. The logistics of collecting
and transporting nasal swab samples, for example, were
the main reason for missing data. Also, despite thorough
review of medical charts, some information was not
documented routinely. Study personnel who collected
study data were unaware of treatment assignment,
therefore bias attributable to missing data, if any, was
unlikely to be diﬀerential. Nevertheless, it is important to
note the diﬃculties in obtaining good follow-up in our
setting, especially in Australia where participants lived in
small remote communities (200–1000 people) and study
team access was only by air. Larger studies are needed to
establish whether site-speciﬁc eﬀects exist between:
Australia and New Zealand; urban and remote, rural
settings; and regions where there has been historically
either common or infrequent use of azithromycin in the
community and for children with bronchiectasis.
We believe that our inclusion of children with chronic
suppurative lung disease (without CT-conﬁrmed
bronchiectasis) is valid for several reasons. First, the
disorders overlap and children with chronic suppurative
lung disease have much the same clinical disease patterns
as do children with CT-conﬁrmed bronchiectasis.1 Second,
children with chronic suppurative lung disease receive the
same standard of care as those with bronchiectasis.1 Third,
Indigenous children and children in developing countries
have limited access to CT scanning to conﬁrm
bronchiectasis and deﬁning irreversibility needs two CT
scans, which is often not feasible.14 Fourth, there are
limitations in the radiographic deﬁnitions of bronchiectasis
in children because HRCT deﬁnitions are derived from
adult studies and are not necessarily equivalent to those in
children. In particular, the key diagnostic criterion of
bronchiectasis is increased bronchoarterial ratio, which is
clearly aﬀected by age (r=0·77, p<0·0001).41 Also the
sensitivity of determining bronchiectasis radiographically
is dependent on the methods used because scans obtained
on a multidetector CT are more sensitive than those from
a HRCT.42 Thus in children, the term chronic suppurative
www.thelancet.com/respiratory Vol 1 October 2013
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lung disease is used to describe a diagnosis in which there
are clinical symptoms of bronchiectasis without CT
conﬁrmation.1 Finally, analysis restricted to children with
HRCT-proven bronchiectasis showed the robustness of
our data because the signiﬁcant diﬀerences between the
treatment groups remained.
The routine investigations done for assessment of
bronchiectasis in our setting do not include extensive
testing for primary ciliary dyskinesia.1 Also, we did not
undertake FEV1 measurements in every study participant
because it is only possible to do spirometry in older
children. We also restricted the age limit at enrolment to
8 years so as to reduce heterogeneity, since in our clinical
experience children with bronchiectasis undergoing
puberty have a diﬀerent pattern of illness. Furthermore, by
contrast with the experience in cyctic ﬁbrosis, reports in
children43 and adults44 have shown that FEV1 values do not
change signiﬁcantly during hospital stay for exacerbations.
Additionally, in the randomised controlled trials of
azithromycin in adults, there was no signiﬁcant diﬀerence
in FEV1 between groups in one study of 6 months
duration,10 and the other reported only a marginally
signiﬁcant improvement after 12 months of treatment.9
In conclusion, the novelty of our study is three-fold. First,
as far as we are aware, this is the ﬁrst randomised controlled
trial of azithromycin in children with non-cystic-ﬁbrosis
bronchiectasis and the ﬁrst in children and adults exceeding
12 months in duration. Second, we targeted children living
among the most disadvantaged groups in Australia and
New Zealand for whom provision of treatment is often
most diﬃcult. Third, in this setting, other clinically
diagnosed bacterial illnesses were reduced in children
receiving long-term azithromycin. Overall, once-weekly
azithromycin for a 12–24 month period is feasible in our
setting and reduced pulmonary exacerbation frequency by
50% in Indigenous children with non-cystic-ﬁbrosis
bronchiectasis. However, additional long-term studies are
needed to identify children most likely to beneﬁt from
maintenance azithromycin, to describe how long these
beneﬁcial eﬀects persist, to deﬁne the optimum duration of
treatment, and establish the clinical signiﬁcance of
acquisition of azithromycin-resistant pathogens.
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