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Background

Bronchiectasis develops early in the course of cystic fibrosis, being detectable in 
infants as young as 10 weeks of age, and is persistent and progressive. We sought 
to determine risk factors for the onset of bronchiectasis, using data collected by the 
Australian Respiratory Early Surveillance Team for Cystic Fibrosis (AREST CF) in-
tensive surveillance program.

Methods

We examined data from 127 consecutive infants who received a diagnosis of cystic 
fibrosis after newborn screening. Chest computed tomography (CT) and bronchoal-
veolar lavage (BAL) were performed, while the children were in stable clinical con-
dition, at 3 months and 1, 2, and 3 years of age. Longitudinal data were used to de-
termine risk factors associated with the detection of bronchiectasis from 3 months 
to 3 years of age.

Results

The point prevalence of bronchiectasis at each visit increased from 29.3% at 3 months 
of age to 61.5% at 3 years of age. In multivariate analyses, risk factors for bronchi-
ectasis were presentation with meconium ileus (odds ratio, 3.17; 95% confidence 
interval [CI], 1.51 to 6.66; P = 0.002), respiratory symptoms at the time of CT and 
BAL (odds ratio, 2.27; 95% CI, 1.24 to 4.14; P = 0.008), free neutrophil elastase activ-
ity in BAL fluid (odds ratio, 3.02; 95% CI, 1.70 to 5.35; P<0.001), and gas trapping 
on expiratory CT (odds ratio, 2.05; 95% CI, 1.17 to 3.59; P = 0.01). Free neutrophil 
elastase activity in BAL fluid at 3 months of age was associated with persistent 
bronchiectasis (present on two or more sequential scans), with the odds seven 
times as high at 12 months of age and four times as high at 3 years of age.

Conclusions

Neutrophil elastase activity in BAL fluid in early life was associated with early bron-
chiectasis in children with cystic fibrosis. (Funded by the National Health and Medi-
cal Research Council of Australia and Cystic Fibrosis Foundation Therapeutics.)
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Illness and death from cystic fibrosis 
are due primarily to progressively destructive 
lung disease resulting in bronchiectasis and 

respiratory failure. Computed tomography (CT) 
can detect changes in the lungs associated with 
bronchiectasis1,2 and evidence of structural lung 
disease in children with cystic fibrosis as young 
as 10 weeks of age.3-8 The true prevalence of bron-
chiectasis among children with cystic fibrosis is 
unknown; however, studies conducted by the Aus-
tralian Respiratory Early Surveillance Team for 
Cystic Fibrosis (AREST CF) and the Australasian 
Cystic Fibrosis Bronchoalveolar Lavage study group 
have shown that 50 to 70% of patients have CT-
defined bronchiectasis by 3 to 5 years of age.3,5,9 
Once present, bronchiectasis persists and pro-
gresses in approximately 75% of young children,3 
despite receipt of the best current therapy.

A coordinated approach to early surveillance in 
young children with cystic fibrosis has been de-
veloped by the AREST CF, a collaborative program 
of the pediatric cystic fibrosis clinics at Princess 
Margaret Hospital for Children, Perth, and the 
Royal Children’s Hospital, Melbourne. The clinics 
serve the entire populations of Western Australia 
and Victoria, respectively, apart from the southern 
metropolitan region of Melbourne. The program 
includes assessments soon after diagnosis (average 
age, 3 months) and annually until 6 years of age, 
encompassing clinical assessment, lung-function 
testing, chest CT with the use of a low-radiation 
protocol, bronchoalveolar lavage (BAL), and col-
lection of blood and urine samples (see the Sup-
plementary Appendix, available with the full text 
of this article at NEJM.org).

Previous studies from the AREST CF, using 
largely cross-sectional data, have shown that 
neutrophilic inflammation (characterized by the 
presence of free neutrophil elastase activity in 
BAL fluid) and pulmonary infection (especially 
with Pseudomonas aeruginosa) are the major risk 
factors for early disease in cystic fibrosis, includ-
ing the development and progression of bronchi-
ectasis,3-5 a reduction in the body-mass index,10 
and lung-function decline.11 BAL-based studies 
have shown that lung disease begins early in 
life4-6,12,13 and is associated with increased levels 
of proinflammatory cytokines, such as CXCL8 
(interleukin-8),4,14 and that more extensive in-
flammation is found in lung lobes with more 
severe bronchiectasis.6 We conducted the current 
study to test the hypothesis that the risk of bron-
chiectasis, especially persistent bronchiectasis, 

could be accurately determined by measuring 
biomarkers of inflammation and infection in BAL 
fluid at 3 months of age.

Me thods

Study Population

We examined data from 127 consecutive infants 
who received a diagnosis of cystic fibrosis on the 
basis of newborn screening and who were par-
ticipants in the AREST CF surveillance program. 
Assessments were undertaken when the children 
were in stable clinical condition. We sought to 
determine whether pulmonary inflammation and 
infection detected in BAL fluid at 3 months and 
1, 2, and 3 years of age were associated with the 
development of bronchiectasis by 3 years of age.

CT and BAL

Chest CT and BAL were performed while the in-
fants were under general anesthesia.3-5 Children 
were initially intubated with a cuffed tracheal 
tube; a standardized recruitment maneuver, con-
sisting of 10 consecutive slow breaths up to total 
lung capacity (transrespiratory pressure [PRS], 37 
to 40 cm of water) over a positive end-expiratory 
pressure of 5 cm of water for 1 to 2 seconds after 
each inspiration, was used to reduce procedure-
related atelectasis. A volume-controlled, limited-
slice CT scan (initial scan at 3 months of age; see 
Table S1 in the Supplementary Appendix) was ob-
tained, with three slices obtained at both end in-
spiration (PRS, 25 cm of water) and end expiration 
(PRS, 0 cm of water); a volume-controlled volu-
metric CT scan was obtained at end inspiration 
for older children (starting in 2007 in Perth and 
2010 in Melbourne). Details of the scanners and 
settings used have been published previously.3,15

CT images were scored, as previously reported, 
with no knowledge of the child’s clinical status 
or the results of any previous scans or tests to 
detect infection or inflammation.3-5 Each scan 
was considered in six zones (upper, middle, and 
lower areas of the left and right lungs), and each 
zone was scored for the presence or absence and 
extent of bronchiectasis (on inspiratory scans) 
and gas trapping (on expiratory scans). Bronchi-
ectasis was defined as a bronchus-to-artery ratio 
of more than 1.0 or the presence of a nontaper-
ing bronchus in the transverse plane.3,5 To avoid 
overinterpretation of radiologically defined dis-
ease, especially from limited-slice scans in early 
life, we defined persistent bronchiectasis as bron-
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chiectasis that was present on two successive 
scans, scored independently. This assessment was 
performed at 12 months and 3 years of age.

BAL was performed after CT, with the tracheal 
tube replaced by a laryngeal mask airway for 
passage of the bronchoscope. The right middle 
lobe was lavaged with three aliquots of warmed 
normal saline (1 ml per kilogram of body weight), 
with one additional aliquot lavaged into the lin-
gua or the most affected lobe identified on CT.

Pulmonary Inflammation and Infection

The first aliquot from each lobe was processed 
for detection of bacteria, viruses, or fungi.4 Pul-
monary infection was determined as previously 
described,16 with infection defined as a colony 
count for a specific organism (excluding mixed 
oral flora) of 105 colony-forming units per milli-
liter or more. In the case of P. aeruginosa, however, 
the criterion for infection was the presence of the 
organism in any density in BAL cultures. The sec-
ond and third aliquots retrieved from the right 
middle lobe were pooled and used for analyses of 
inflammation, as previously described.4 Total and 
differential cell counts were performed and free 
neutrophil elastase activity was determined; the 
lower limit of detection for neutrophil elastase 
activity was 200 ng per milliliter.4

Statistical Analysis

Logistic regression was performed to determine 
cross-sectional associations between inflamma-
tory and infection variables assessed by means of 
BAL and the presence of bronchiectasis at 3 months 
of age. Longitudinal analyses were performed to 
determine the associations between inflammato-
ry and infection variables and the presence or ab-
sence of bronchiectasis from 3 months to 3 years 
of age. Generalized estimating equations were 
used for up to four repeated measurements in 
each child. We assumed a binomial family, logit 
link, and first-order autoregressive correlation 
structure. We tested the significance of the inter-
action between each inflammatory and infection 
variable and the age at the time of the scan by 
adding the interaction term to a model containing 
both main effects and comparing it with the mod-
el containing only the main effects. In the ab-
sence of significant interactions, each variable of 
interest was examined univariately, and variables 
that were significant at the 0.20 level were in-
cluded in a multivariable model. Variables were re-
tained in the multivariable model if they were 

significant at the 0.05 level. Analyses were per-
formed separately with bronchiectasis as the out-
come and with persistent bronchiectasis as the 
outcome. The association between the presence 
of persistent bronchiectasis at 12 months and at 
3 years of age and data collected at 3 months of 
age was examined with the use of logistic regres-
sion. Further details of the analyses and the data 
sets used are shown in Table S1 in the Supple-
mentary Appendix.

R esult s

Characteristics of the Study Participants

Longitudinal data were available from 3 months 
of age for 127 children with cystic fibrosis, with 
127 assessed at a mean (±SD) age of 0.35±0.12 
years, 109 assessed at 1.17±0.20 years, 92 as-
sessed at 2.17±0.23 years, and 81 assessed at 
3.20±0.22 years. The primary reason for the 

108 Were included in the analysis at 12 mo
6 Missed planned CT

127 Children were included in the analysis at 3 mo

10 Were too young
3 Were lost to follow-up owing

to relocation out of area

75 Were included in the analysis at 24 mo
20 Did not have CT scheduled (Melbourne)
1 Missed planned CT

18 Were too young

78 Were included in the analysis at 36 mo

13 Were too young
5 Were lost to follow-up

1 Moved out of area
4 Missed planned CT

Figure 1. Children Included in the Analyses at 3, 12, 24, and 36 Months.

Four children were lost to follow-up because they moved from the study 
area. Eleven children missed a planned CT study at an annual review but 
continued in the study. During the study period, the Melbourne site stopped 
performing the 24-month CT study, meaning that a CT scan at 24 months 
of age was not scheduled for 20 children. Children were considered to be too 
young if they had not reached the assessment age by the end of the data-
collection period.
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smaller numbers of children with increasing age 
was that the children had not yet reached the as-
sessment age by the end of the data-collection 
period (Fig. 1). Demographic and clinical data are 
shown in Table 1. The point prevalence of bron-
chiectasis increased from 29.3% at 3 months of 

age to 61.5% at 3 years of age (P<0.001) (Table 1). 
The cumulative prevalence of bronchiectasis 
reached 83.7% by 3 years of age. The point preva-
lence of CT-defined gas trapping at each visit was 
68.0% at 3 months, 68.5% at 1 year, 71.6% at  
2 years, and 69.2% at 3 years (Table 1).

Table 1. Demographic and Clinical Characteristics of the Study Population, According to Time of Assessment.*

Characteristic
3 Months 
(N = 127)

1 Year
(N = 109)

2 Years
(N = 92)

3 Years
(N = 81)

Age 0.35±0.12 1.17±0.20 2.17±0.23 3.20±0.22

Sex — no. (%)

Male 64 (50) 55 (50) 48 (52) 43 (53)

Female 63 (50) 54 (50) 44 (48) 38 (47)

BMI z score† −1.34±1.19 −0.42±1.26 −0.16±1.46 0.22±0.96

CT performed — no. 126‡ 108 74§ 78

BAL performed — no. 125 109 92 81

Positive for neutrophil elastase activity — no./total no. (%)¶ 28/120 (23.3) 19/105 (18.1) 20/92 (21.7) 19/76 (25.0)

Neutrophil count — ×10−3 cells/ml of fluid retrieved 416±810 482±761 1441±2822 2334±5618

Infection — no./total no. (%)

Any‖ 28/125 (22.4) 23/109 (21.1) 37/92 (40.2) 38/81 (46.9)

Staphylococcus aureus 8/125 (6.4) 6/109 (5.5) 10/92 (10.9) 18/81 (22.2)

Pseudomonas aeruginosa 7/125 (5.6) 9/109 (8.3) 5/92 (5.4) 8/81 (9.9)

Bronchiectasis**

Point prevalence — no./total no. (%)†† 36/123 (29.3) 34/108 (31.5) 33/75 (44.0) 48/78 (61.5)

Incidence rate — no./total no. (%)‡‡ 36/123 (29.3) 19/81 (23.5) 13/53 (24.5) 19/36 (52.8)

Ever present — no./total no. (%)§§ 36/123 (29.3) 55/118 (46.6) 68/108 (63.0) 87/104 (83.7)

Extent¶¶ 0.54±1.01 0.64±1.28 1.42±2.43 2.30±2.84

Gas trapping

Point prevalence — no./total no. (%)†† 85/125 (68.0) 74/108 (68.5) 53/74 (71.6) 54/78 (69.2)

Incidence rate — no./total no. (%)‡‡ 85/126 (67.5) 16/35 (45.7) 4/11 (36.4) 3/7 (42.9)

Extent‖‖ 2.59±2.68 2.54±2.52 2.90±2.92 3.35±3.32

*	 Plus–minus values are means ±SD. BAL denotes bronchoalveolar lavage.
†	 The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.
‡	 Bronchiectasis could not be assessed on three CT scans owing to procedure-related atelectasis.
§	 Fewer scans were performed at 2 years of age in Melbourne as part of the clinic policy.
¶	 Positive neutrophil elastase activity was defined as activity detected above the limit of detection of the assay (200 ng per milliliter).
‖	 Any infection was defined as the presence of any organism detected in BAL fluid at a density of 105 colony-forming units per milliliter or more, 

except that the presence of P. aeruginosa at any density was classified as infection. The presence of mixed oral flora, regardless of the den-
sity, was not classified as infection. Data on infecting organisms other than S. aureus and P. aeruginosa are available in the Supplementary 
Appendix.

**	 Bronchiectasis was defined as a bronchus-to-artery ratio of more than 1.0 or the presence of a nontapering bronchus in the transverse plane.
††	The point prevalence of bronchiectasis or gas trapping was calculated from scans obtained at the designated visit only.
‡‡	The incidence rate of bronchiectasis or gas trapping was calculated as new cases occurring at that visit divided by the number of scans 

performed at that age (previous cases were not included).
§§	 This variable was defined as bronchiectasis at any time up to and including the current period (see the sensitivity-analysis data set in 

Table S1 in the Supplementary Appendix).
¶¶	The extent of bronchiectasis in each lung zone was scored as 0 (not detected), 1 (affecting ≤50% of the airways), or 2 (affecting >50% of 

the airways). The overall score was calculated by adding the values for the six zones, with a maximum score of 12.
‖‖	 The extent of gas trapping in each lung zone was scored as 0 (not detected), 1 (affecting ≤50% of the lung field), or 2 (affecting >50% of 

the lung field). The overall score was calculated by adding the values for the six zones, with a maximum score of 12.
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At the initial assessment, at 3 months of age, 
28 of 120 children (23.3%) had detectable neu-
trophil elastase activity in BAL fluid, and 36 of 
123 (29.3%) had bronchiectasis on the chest CT 
scan. Demographic and clinical data stratified 
according to status with respect to neutrophil 
elastase activity and bronchiectasis at the initial 
assessment are shown in Table 2. Neutrophil elas-
tase activity in BAL fluid was associated with the 
presence of respiratory symptoms at the time of 
BAL (P = 0.007), pancreatic insufficiency (P = 0.006), 
and pulmonary infection (P = 0.02). Bronchiectasis 
on the initial CT scan was associated with respi-
ratory symptoms (P = 0.01), meconium ileus at 
presentation (P = 0.002), and any pulmonary in-
fection (P = 0.03) or infection with P. aeruginosa 
(P = 0.02) (Table 2).

Risk Factors for Bronchiectasis

Risk factors associated with the development of 
bronchiectasis from 3 months to 3 years of age 
are shown in Table 3. Risk factors for bronchiec-
tasis on multivariate analysis were meconium il-

eus at presentation (odds ratio, 3.17; 95% confi-
dence interval [CI], 1.51 to 6.66; P = 0.002), 
respiratory symptoms at the time of CT and BAL 
(odds ratio, 2.27; 95% CI, 1.24 to 4.14; P = 0.008), 
neutrophil elastase activity in BAL fluid (odds ra-
tio, 3.02; 95% CI, 1.70 to 5.35; P<0.001), and gas 
trapping on expiratory CT (odds ratio, 2.05; 95% 
CI, 1.17 to 3.59; P = 0.01). There were no signifi-
cant interactions between any of the risk factors 
and the age at which BAL was performed. A sen-
sitivity analysis, with the assumption that once 
bronchiectasis was detected, all subsequent 
scans would be positive, had similar results  
(Table S2 in the Supplementary Appendix), with 
the presence of neutrophil elastase activity in 
BAL fluid and initial presentation with meconi-
um ileus as significant predictors in multivariate 
analyses.

Risk Factors for Persistent Bronchiectasis

Persistent bronchiectasis was observed in 15 of 
104 children (14.4%) at 12 months of age and in 
25 of 78 children (32.1%) at 3 years of age. Risk 

Table 2. Characteristics of the Study Participants at the 3-Month Assessment, According to Status with Respect 
to Neutrophil Elastase Activity and Bronchiectasis at That Time.*

Characteristic Neutrophil Elastase Activity Bronchiectasis

Positive
(N = 28)

Negative
(N = 92) P Value

Present
(N = 36)

Not Present
(N = 91)† P Value

Sex — no. 0.82 0.12

Male 15 47 15 48

Female 13 45 21 40

Severe genotype — no./ total no. (%)‡ 25/25 (100) 69/78 (88.5) 0.11 29/29 (100) 69/78 (88.5) 0.11

BMI z score§ −1.45±0.84 −1.33±1.23 0.66 −1.34±1.05 −1.33±1.25 0.98

Respiratory symptoms — no./total  
no. (%)

10/28 (35.7) 9/84 (10.7) 0.007 11/33 (33.3) 10/83 (12.0) 0.01

Meconium ileus — no./total no. (%) 7/27 (25.9) 14/79 (17.7) 0.40 12/30 (40.0) 10/81 (12.3) 0.002

Pancreatic insufficiency — no./total  
no. (%)

26/26 (100) 61/78 (78.2) 0.006 27/29 (93.1) 63/80 (78.8) 0.09

Infection — no./total no. (%)

Any 11/28 (39.3) 16/92 (17.4) 0.02 12/35 (34.3) 14/90 (15.6) 0.03

Staphylococcus aureus 3/28 (10.7) 4/92 (4.3) 0.35 3/35 (8.6) 5/90 (5.6) 0.69

Pseudomonas aeruginosa 3/28 (10.7) 3/92 (3.3) 0.14 5/35 (14.3) 2/90 (2.2) 0.02

*	Fisher’s exact test was used for all analyses, unless otherwise noted.
†	Bronchiectasis could not be assessed on three CT scans owing to procedure-related atelectasis, and these scans were 

considered to be negative.
‡	Severe genotype was defined as a lack of predicted function of residual cystic fibrosis transmembrane conductance reg-

ulator (CFTR) on the basis of mutation class.
§	Plus–minus values are means ±SD. Analysis of variance was used for the comparisons.
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factors for persistent bronchiectasis at these ages 
are shown in Table 4. Neutrophil elastase activity in 
BAL fluid at 3 months of age was the major predic-
tor of persistent bronchiectasis at both 12 months 
of age (odds ratio, 7.20; 95% CI, 2.14 to 24.28; 
P<0.001) and 3 years of age (odds ratio, 4.21; 95% 
CI, 1.45 to 12.21; P = 0.008).

Discussion

Bronchiectasis develops early in infants with cys-
tic fibrosis. In our study, risk factors at 3 months 
of age for detection of bronchiectasis included 
meconium ileus on presentation, respiratory 
symptoms, pulmonary infection (especially with 
P. aeruginosa), and gas trapping on the CT scan. 
Free neutrophil elastase activity in BAL fluid at  
3 months of age was associated with increased 
odds of persistent bronchiectasis; the odds were 
seven times as high at 12 months of age and four 
times as high at 3 years of age.

The results of this longitudinal study are con-
sistent with those of our previous studies, which 
showed that free neutrophil elastase activity in 
BAL fluid and pulmonary infection were risk 
factors for both the development and progres-
sion of bronchiectasis.3-5 What this study adds is 
evidence that free neutrophil elastase activity at 
3 months of age increases the odds of persistent 
bronchiectasis at both 12 months and 3 years of 
age. Gas trapping on expiratory CT was also a 
risk factor for bronchiectasis, and although this 
may represent early-onset peripheral lung dis-
ease, the precise relationship between gas trap-
ping and bronchiectasis requires clarification.

Cystic fibrosis is characterized by extensive 
and chronic neutrophilic inflammation of the 
airways. Neutrophils play a major part in antibac-
terial defense through the release and activation 
of enzymes, including peroxidases (e.g., myelo-
peroxidase) and proteases (including neutrophil 
elastase).17,18 The primary lung defense against 
neutrophil elastase is α1-antitrypsin,17 which binds 
extracellular neutrophil elastase. Bound neutro-
phil elastase cannot digest elastin. Extracellular 
or surface-associated neutrophil elastase19 that 
exceeds antiprotease-binding capacity will be ac-
tive and capable of elastin digestion, which is 
presumed to underlie the development of bron-
chiectasis. The presence of free neutrophil elas-
tase activity in the lung is associated with active 
neutrophilic inflammation and, although such ac-
tivity was seen in a minority of children at each 
BAL performed in this study (Table 1), it is a 
potent risk factor for bronchiectasis.

Several limitations of this study need to be 
acknowledged. In the AREST CF program, chest 
CT and BAL are performed when the child is in 
stable clinical condition and is fit for anesthesia. 
Thus, we cannot comment on the role of respira-
tory viral infections in the development of bron-
chiectasis. In addition, our data do not reflect 
the situation during an acute respiratory exacer-
bation, when viral and bacterial infections are 
more likely to be found.9 Finally, there is contro-
versy about whether early radiologic detection of 
dilated airways represents the onset of the de-
structive process resulting in bronchiectasis. We 
have reported that when CT scans are obtained 
12 months apart, dilatation of the airways per-
sists on the later scan in approximately 75% of 
children.3 In the present study, 31 children had 
apparent “resolution” of bronchiectasis (Table S1 

Table 3. Longitudinal Analyses of Risk Factors for Bronchiectasis from 3 Months 
to 3 Years of Age.*

Risk Factor
Odds Ratio  

(95% CI) P Value

Univariate analyses

BMI z score 1.02 (0.82–1.27) 0.85

Male sex 1.23 (0.67–1.90) 0.65

Meconium ileus at presentation 3.13 (1.68–5.82) <0.001

Pancreatic insufficiency 1.91 (1.05–3.48) 0.03

Severe genotype 2.54 (1.57–4.11) <0.001

Respiratory symptoms at time of CT and BAL 2.57 (1.50–4.39) <0.001

Positive for neutrophil elastase activity 3.74 (2.21–6.32) <0.001

Infection

Any 2.00 (1.24–3.21) 0.004

Staphylococcus aureus 1.38 (0.68–2.81) 0.37

Pseudomonas aeruginosa 3.12 (1.55–6.27) 0.001

Gas trapping 2.15 (1.38–3.35) <0.001

Multivariate analysis

Meconium ileus at presentation 3.17 (1.51–6.66) 0.002

Respiratory symptoms at time of CT and BAL 2.27 (1.24–4.14) 0.008

Positive for neutrophil elastase activity 3.02 (1.70–5.35) <0.001

Gas trapping 2.05 (1.17–3.59) 0.01

*	Analyses were conducted with the use of a generalized estimating equation 
with a binomial family, logit link, and first-order autoregressive correlation 
structure. The original data set was used for these analyses (i.e., the presence 
or absence of bronchiectasis on each CT scan was used as the outcome for 
analyses).
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in the Supplementary Appendix). This could be 
a particular problem in interpreting dilated air-
ways on limited-slice scans obtained at an early 
age. To overcome this limitation, we have intro-
duced the term “persistent bronchiectasis” for 
the detection of dilated airways on two or more 
sequential scans. In addition, we have conserva-
tively defined dilated airways as those with a 
bronchus-to-artery ratio of more than 1.0.3-5 
Kapur et al.20 reported a mean ratio of 0.63 (95% 
CI, 0.60 to 0.65) in 41 children without apparent 
pulmonary pathologic features and suggested 
that a ratio of more than 1.0 underestimates the 
prevalence of early disease. Thus, the prevalence 
of bronchiectasis in our study may underesti-
mate the true prevalence.

The AREST CF surveillance program has prac-
tical limitations; it provides a “once-a-year snap-
shot,” arguably not at the most informative time. 
Our data do suggest that noninvasive or minimally 
invasive assessment of activated neutrophils is 
needed to show the true role of pulmonary free 
neutrophil elastase activity in the development 
and persistence of bronchiectasis. Unfortunately, 
such biomarkers have not been studied in infants 
with cystic fibrosis. Potential biomarkers stud-
ied in adults and older children include urinary 
desmosines,21 α1-antitrypsin:CD16b complex,22 
and YKL-40.23 None of them have been validated 
in infants or in early disease.

Data from the present study suggest that treat-
ment that targets activated neutrophils or that 
inhibits neutrophil elastase activity could be a 
logical strategy for preventing bronchiectasis. Such 
therapies are available or are under investigation 
in clinical trials,24-26 highlighting the relevance of 
understanding the role that neutrophil elastase 
may play in disease initiation and progression. 
Studies of ibuprofen in older children and adults 
have shown a delayed decrease in lung function 
and improved maintenance of weight, with these 
findings attributed to antiinflammatory activi-
ty.27,28 However, ibuprofen is not used widely and 
has not been tested in appropriate trials involv-
ing infants. Our data showing the association of 
free neutrophil elastase activity in BAL fluid at  
3 months of age with persistent bronchiectasis at 
both 12 months and 3 years of age suggest that 
free neutrophil activity could be used as a crite-
rion to select high-risk infants for clinical trials. 
The antiinflammatory properties of neutrophil 
elastase inhibitors are well established,26 and at 

least one such agent has shown promise in early 
trials involving adults with cystic fibrosis.24

In conclusion, free neutrophil elastase activity 
in the lung at 3 months of age was associated 
with increased odds of persistent bronchiectasis 
at 12 months and at 3 years of age. This observa-
tion sets the stage for trials of treatments that 
target activated neutrophils or inhibit neutrophil 
elastase activity in order to prevent or delay the 
onset of bronchiectasis in patients with cystic 
fibrosis.

Supported by the National Health and Medical Research Coun-
cil of Australia (Centres of Research Excellence Scheme #1000896) 
and Cystic Fibrosis Foundation Therapeutics (SLY04A0, STIC-
K09A0).

Table 4. Risk Factors at 3 Months for Persistent Bronchiectasis at 12 Months 
of Age and at 3 Years of Age.*

Risk Factor
Odds Ratio  

(95% CI) P Value

Persistent bronchiectasis at 12 mo of age

Univariate analyses

BMI z score 1.10 (0.65–1.88) 0.72

Male sex 0.89 (0.30–2.68) 0.84

Meconium ileus at presentation 2.74 (0.80–9.41) 0.11

Pancreatic insufficiency 2.52 (0.30–20.99) 0.39

Respiratory symptoms at time of CT and BAL 3.38 (1.04–11.02) 0.04

Positive for neutrophil elastase activity 7.2 (2.14–24.28) <0.001

Infection

Any 4.87 (1.49–15.93) 0.009

Staphylococcus aureus 2.77 (0.48–15.89) 0.25

Pseudomonas aeruginosa 7.17 (0.92–55.72) 0.06

Multivariate analysis: positive for neutrophil  
elastase activity

7.20 (2.14–24.28) <0.001

Persistent bronchiectasis at 3 yr of age

Univariate analyses

BMI z score 1.13 (0.73–1.74) 0.58

Male sex 1.04 (0.40–2.70) 0.93

Meconium ileus at presentation 2.97 (0.81–10.90) 0.10

Respiratory symptoms at time of CT and BAL 3.87 (0.98–15.24) 0.053

Positive for neutrophil elastase activity 4.21 (1.45–12.21) 0.008

Infection

Any 1.88 (0.66–5.31) 0.24

S. aureus 0.93 (0.04–3.54) 0.40

P. aeruginosa 1.42 (0.98–2.04) 0.06

Multivariate analysis: positive for neutrophil elas-
tase activity

4.21 (1.45–12.21) 0.008

*	Persistent bronchiectasis was observed in 15 of 104 children (14.4%) at  
12 months of age and in 25 of 78 children (32.1%) at 3 years of age.

The New England Journal of Medicine 
Downloaded from nejm.org at UQ Library on March 30, 2017. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



n engl j med 368;21  nejm.org  may 23, 20131970

Bronchiectasis in Children with Cystic Fibrosis

No potential conflict of interest relevant to this article was 
reported. 

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank the clinical fellows who performed the bronchosco-
pies and the laboratory staff members who processed and ana-
lyzed the samples, in particular Luke Berry, Rosemary Carzino, 
and Dr. John Wong.

References

1.	 de Jong PA, Nakano Y, Hop WC, et al. 
Changes in airway dimensions on com-
puted tomography scans of children with 
cystic fibrosis. Am J Respir Crit Care Med 
2005;172:218-24.
2.	 de Jong PA, Nakano Y, Lequin MH, et 
al. Progressive damage on high resolution 
computed tomography despite stable lung 
function in cystic fibrosis. Eur Respir J 
2004;23:93-7.
3.	 Mott LS, Park J, Murray CP, et al. Pro-
gression of early structural lung disease 
in young children with cystic fibrosis as-
sessed using CT. Thorax 2012;67:509-16.
4.	 Sly PD, Brennan S, Gangell C, et al. 
Lung disease at diagnosis in infants with 
cystic fibrosis detected by newborn screen-
ing. Am J Respir Crit Care Med 2009;180: 
146-52.
5.	 Stick SM, Brennan S, Murray C, et al. 
Bronchiectasis in infants and preschool 
children diagnosed with cystic fibrosis 
after newborn screening. J Pediatr 2009; 
155:623-8.
6.	 Davis SD, Fordham LA, Brody AS, et 
al. Computed tomography reflects lower 
airway inflammation and tracks changes 
in early cystic fibrosis. Am J Respir Crit 
Care Med 2007;175:943-50.
7.	 Long FR, Williams RS, Castile RG. 
Structural airway abnormalities in in-
fants and young children with cystic fi-
brosis. J Pediatr 2004;144:154-61.
8.	 Martinez TM, Llapur CJ, Williams 
TH, et al. High-resolution computed to-
mography imaging of airway disease in 
infants with cystic fibrosis. Am J Respir 
Crit Care Med 2005;172:1133-8.
9.	 Wainwright CE, Vidmar S, Armstrong 
DS, et al. Effect of bronchoalveolar lavage-
directed therapy on Pseudomonas aeruginosa 
infection and structural lung injury in 
children with cystic fibrosis: a random-
ized trial. JAMA 2011;306:163-71.
10.	 Ranganathan SC, Parsons F, Gangell 
C, et al. Evolution of pulmonary inflam-
mation and nutritional status in infants 

and young children with cystic fibrosis. 
Thorax 2011;66:408-13.
11.	 Pillarisetti N, Williamson E, Linnane 
B, et al. Infection, inflammation, and 
lung function decline in infants with cys-
tic fibrosis. Am J Respir Crit Care Med 
2011;184:75-81.
12.	 Armstrong DS, Hook SM, Jamsen KM, 
et al. Lower airway inflammation in in-
fants with cystic fibrosis detected by new-
born screening. Pediatr Pulmonol 2005; 
40:500-10.
13.	 Khan TZ, Wagener JS, Bost T, Marti-
nez J, Accurso FJ, Riches DW. Early pul-
monary inflammation in infants with 
cystic fibrosis. Am J Respir Crit Care Med 
1995;151:1075-82.
14.	 Brennan S, Hall GL, Horak F, et al. 
Correlation of forced oscillation tech-
nique in preschool children with cystic 
fibrosis with pulmonary inflammation. 
Thorax 2005;60:159-63.
15.	 Mott LS, Park J, Gangell CL, et al. Dis-
tribution of early structural lung changes 
due to cystic fibrosis detected with chest 
computed tomography. J Pediatr 2013 
January 25 (Epub ahead of print).
16.	 Gangell C, Gard S, Douglas T, et al. 
Inflammatory responses to individual mi-
croorganisms in the lungs of children 
with cystic fibrosis. Clin Infect Dis 2011; 
53:425-32.
17.	 Stockley RA. Neutrophils and prote-
ase/antiprotease imbalance. Am J Respir 
Crit Care Med 1999;160:S49-S52.
18.	 Papayannopoulos V, Metzler K, Hak-
kim A, Zychlinsky A. Neutrophil elastase 
and myeloperoxidase regulate the forma-
tion of neutrophil extracellular traps. J Cell 
Biol 2010;191:677-91.
19.	 Owen CA, Campbell MA, Sannes PL, 
Boukedes SS, Campbell EJ. Cell surface-
bound elastase and cathepsin G on hu-
man neutrophils: a novel, non-oxidative 
mechanism by which neutrophils focus 
and preserve catalytic activity of serine 
proteases. J Cell Biol 1995;131:775-89.

20.	 Kapur N, Masel JP, Watson D, Masters 
IB, Chang AB. Bronchoarterial ratio on 
high-resolution CT scan of the chest in 
children without pulmonary pathology: 
need to redefine bronchial dilatation. 
Chest 2011;139:1445-50.
21.	 Laguna TA, Wagner BD, Starcher B, et 
al. Urinary desmosine: a biomarker of 
structural lung injury during CF pulmo-
nary exacerbation. Pediatr Pulmonol 2012; 
47:856-63.
22.	 Reeves EP, Bergin DA, Fitzgerald S, et 
al. A novel neutrophil derived inflamma-
tory biomarker of pulmonary exacerba-
tion in cystic fibrosis. J Cyst Fibros 2012; 
11:100-7.
23.	 Létuvé S, Kozhich A, Arouche N, et al. 
YKL-40 is elevated in patients with chron-
ic obstructive pulmonary disease and ac-
tivates alveolar macrophages. J Immunol 
2008;181:5167-73.
24.	 Elborn JS, Perrett J, Forsman-Semb K, 
Marks-Konczalik J, Gunawardena K, 
Entwistle N. Efficacy, safety and effect on 
biomarkers of AZD9668 in cystic fibrosis. 
Eur Respir J 2012;40:969-76.
25.	 Kuraki T, Ishibashi M, Takayama M, 
Shiraishi M, Yoshida M. A novel oral neu-
trophil elastase inhibitor (ONO-6818) in-
hibits human neutrophil elastase-induced 
emphysema in rats. Am J Respir Crit Care 
Med 2002;166:496-500.
26.	 Tremblay GM, Janelle MF, Bourbon-
nais Y. Anti-inflammatory activity of neu-
trophil elastase inhibitors. Curr Opin  
Investig Drugs 2003;4:556-65.
27.	 Konstan MW, Byard PJ, Hoppel CL, 
Davis PB. Effect of high-dose ibuprofen in 
patients with cystic fibrosis. N Engl J Med 
1995;332:848-54.
28.	 Lands LC, Stanojevic S. Oral non-
steroidal anti-inflammatory drug therapy 
for cystic fibrosis. Cochrane Database Syst 
Rev 2007;4:CD001505.
Copyright © 2013 Massachusetts Medical Society.

posting presentations from medical meetings online

Online posting of an audio or video recording of an oral presentation at  
a medical meeting, with selected slides from the presentation, is not considered 

prior publication. Authors should feel free to call or send e-mail to the  
Journal’s Editorial Offices if there are any questions about this policy.

The New England Journal of Medicine 
Downloaded from nejm.org at UQ Library on March 30, 2017. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 


