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Take-home message 
Pulmonary inflammation and infection have cumulative effects on structural 

lung disease in young children with cystic fibrosis. These observations 
underscore the importance of developing anti-inflammatory interventions for 
use in early life. 
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ABSTRACT  

Introduction: Pulmonary inflammation and infection are important clinical and 

prognostic markers of lung disease in cystic fibrosis (CF). However, whether 

in young children they are transient findings or have cumulative, long-term 

impacts on respiratory health is largely unknown. We aimed to determine 

whether their repeated detection has a deleterious effect on structural lung 

disease. 

Methods: All patients aged below six with annual CT and bronchoalveolar 

lavage (BAL) were included. Structural lung disease on computed tomography 

(%Disease) was determined using the PRAGMA-CF method. The number of 

times free neutrophil elastase (NE) and infection were detected in BAL were 

counted, to determine cumulative BAL history. Linear mixed model analysis, 

accounting for repeat visits and adjusted for age, was used to determine 

associations. 

Results: Two hundred and sixty-five children (683 scans) were included for 

analysis, with BAL history comprising 1161 visits. %Disease was significantly 

associated with the number of prior NE (0.31 [0.09, 0.54]; P = 0.007) but not 

infection (0.23 [-0.01, 0.47]; P = 0.060) detections. Reference equations are 

presented. 

Conclusions: Pulmonary inflammation in surveillance BAL has a cumulative 

effect on structural lung disease extent: more so than infection. This provides 

a strong rationale for therapies aimed at reducing inflammation in young 

children. 



INTRODUCTION 
 

Lung disease in cystic fibrosis (CF) begins early in life and is characterised by 

an ongoing cycle of pulmonary inflammation, infection, and structural lung 

disease [1, 2]. Markers of inflammation, including free neutrophil elastase 

(NE), and interleukin-8 (IL-8), as well as infection with various pathogenic 

organisms can be detected in bronchoalveolar lavage (BAL) fluid, even in 

asymptomatic infants diagnosed by newborn screening [3-6]. In young 

children, the presence of these markers is associated with lung function at the 

time of measurement and its subsequent decline, as well as both structural 

lung disease extent and the onset of bronchiectasis [2, 3, 6-10]. However, the 

impact of the repeated presence of inflammation and infection on the 

trajectory of structural lung disease in children below six years of age is not 

yet well characterised. In particular, it is not known if subclinical ( i.e. detected 

by surveillance rather than upon clinical suspicion) inflammation and infection 

in this age group are transient, leading to temporary changes in respiratory 

health, or have cumulative, long-term impacts. As a result there is little 

consensus on therapeutic strategies for young children. If chronic infection 

and or inflammation would have long term impacts, more aggressive 

treatment for early CF lung disease would be warranted. Optimising early 

intervention and monitoring strategies, prior to the development of permanent 

structural lung disease, is likely to be critical to the long-term preservation of 

lung function and quality of life of patients with CF. With the recent 

development of age-appropriate, sensitive outcomes measures based on CT, 

such as PRAGMA-CF [10], it is now possible to determine how these early 



measurements relate to the progression of structural lung disease throughout 

early childhood. 

 

The Australian Respiratory Early Surveillance Team for Cystic Fibrosis 

(AREST CF) has collected annual matched CT scans, markers of pulmonary 

inflammation, and pulmonary infection in newborn screened CF patients 

across two centres since 2005. These data provide an extensive history of 

inflammation and infection, are therefore ideally suited to determine the 

cumulative effect of pulmonary inflammation and infection on structural lung 

disease progression throughout early childhood. The aim of this study was to 

evaluate whether repetitive exposure to inflammation and infection leads to 

worse structural lung disease. We hypothesised that the extent of structural 

lung disease measured throughout this age period will be associated with 

cumulative inflammation and infection history, which we defined as the 

number of times the inflammatory markers (free neutrophil elastase (NE) and 

interleukin-8 (IL-8)) and infection with organisms known to cause lung 

inflammation [11] were detected in annual surveillance BAL. 

 

MATERIALS AND METHODS 
 
Subjects 

Children in this study were participants in the AREST CF early surveillance 

programme (ESP), of whom greater than 90% of newborn screened infants 

attending CF clinics at Royal Children’s Hospital, Melbourne and Perth 

Children’s Hospital, Perth, participate [12]. The ESP includes BAL and CT 

scan performed at three months of age, and then annually until the age of six 

years. In Melbourne, CT is performed biennially, starting at age one year. For 



the CT analysis, all surveillance visits prior to 22nd August 2015 that included 

a volumetric inspiratory CT scan were included. Volumetric CT scanning was 

instituted in 2007 (Perth centre) and 2010 (Melbourne centre), and hence the 

CT component this study covers a period of approximately seven years. All 

patients are treated with the current standard of care in their respective CF 

centre, which includes amoxycillin-clavulanate prophylaxis from diagnosis 

until approximately two years of age [1]. 

 

CT acquisition 

All CT scans were obtained under general anaesthesia with pressure-

controlled inspiratory and expiratory series, as previously described [10, 12]. 

Inspiratory scans were only analysed if they were performed with a volumetric 

protocol. Both limited slice and volumetric expiratory scans were analysed, so 

long as the accompanying inspiratory scan was performed with a volumetric 

protocol. For volumetric expiratory scans, a 4 – 5 mm minimum intensity 

projection filter was applied, to aid in trapped air visualisation [10]. 

 

CT analysis 

The PRAGMA-CF method was used to determine the extent of structural lung 

disease (%Disease), bronchiectasis alone (%Bronchiectasis), and trapped air 

(%TrappedAir) [10]. Scans were de-identified and randomly allocated to one 

of two trained observers for assessment with PRAGMA-CF. Scans that had 

been scored by one of the observers for a previous study were not rescored: 

their original score was used. Intra-observer reliability for PRAGMA-CF 



outcomes in this age group have previously been published [10], however 

inter-observer variability was determined from a random subset of 30 scans. 

 

Inflammation and infection 

Inflammation and infection history was determined from all annual 

surveillance visits, regardless of whether a CT was performed. Treatment with 

antibiotic therapy is not routinely ceased prior to their CT or BAL. The 

presence of detectable free neutrophil elastase activity (NE) and IL-8 

concentration were measured from BAL, as previously described [12]. A 

significant proinflammatory infection was defined as a detection in BAL fluid of 

at least 104 cfu/ml of one of the following pathogens previously reported to be 

associated with pulmonary inflammation: Pseudomonas aeruginosa, 

Staphylococcus aureus, Haemophilus influenzae, Streptococcus pneumoniae, 

and Aspergillus species [11]. To determine cumulative inflammation and 

infection history, we calculated the number of prior annual surveillance visits 

with a positive NE detection, a positive IL-8 detection, and significant 

proinflammatory infection (multiple organisms not counted twice), separately. 

 

Statistical analysis 

All statistical analyses were performed using R version 3.2.5 (R Foundation 

for Statistical Computing, Vienna, Austria) with the lme4 and lmerTest 

packages [13-15]. The concordance correlation coefficient (CCC) was 

determined to assess interobserver variability. Linear mixed model analysis 

was used to determine the relationships between CT and BAL outcomes, 

adjusting for age and with random intercepts and slopes (representing patient 



ID) fitted, to represent repeated visits. Both cross-sectional and interval 

(change in PRAGMA-CF outcomes over year, Δ%Disease, 

Δ%Bronchiectasis, Δ%TrappedAir) analyses were performed. In addition, the 

cumulative effects of inflammation and infection on structural lung disease 

were assessed by determining the associations between PRAGMA-CF for a 

given visit and the cumulative BAL results from all prior visits. Finally, CF-

specific reference equations (to evaluate the natural progression of lung 

disease in this population), were determined using age, sex, and genotype 

severity as predictors. Patients with unknown genotype severity were 

excluded from this reference population. 

 

RESULTS 

 
Study population 

Two hundred and sixty-five patients were included in this study, with 683 

scans available for analysis at a mean (SD) age of 3.3 (1.8) years. Of these 

scans, 664 had matched inflammation data, and 620 had matched infection 

data. Interval CT data were available in 127 patients (342 scans). There were 

1161 BALs (with or without matched CT) to determine cumulative 

inflammatory/infective history in these patients. The most common causes for 

missing data were insufficient BAL fluid collected for analysis, equipment 

failure, or sample contamination. CT scans were only performed biennially in 

Melbourne, so one-year interval data were only available in the Perth cohort 

(127 patients, 342 scan pairs). There was no significant differences between 

Perth and Melbourne in PRAGMA-CF outcomes, presence of free NE activity, 

or IL-8 concentration, however the presence of pro-inflammatory 



pathogenswas significantly higher in Melbourne (mixed model coefficient 0.35 

[0.26, 0.44], P<0.001). Demographic and key cohort outcomes are presented 

in Table 1. 

 

Observer reliability 

Prior to analysis, the inter-observer reliability between the two PRAGMA-CF 

scorers was determined by duplicate scoring, in a random order, 30 randomly 

selected scans. The CCCs (95% confidence intervals) for each component 

were: %Disease 0.804 (0.695, 0.877); %Bronchiectasis 0.629 (0.521, 0.718); 

%TrappedAir 0.889 (0.787, 0.944). 

 

Cross-sectional relationships between CT outcomes and BAL. 

All PRAGMA-CF outcomes were significantly associated with age. In addition, 

all PRAGMA-CF outcomes were significantly associated with inflammatory 

markers, i.e. IL-8 concentration and NE activity presence. %Disease and 

%TrappedAir, but not %Bronchiectasis, were associated with the presence of 

a proinflammatory infection. Cross-sectional correlation data are presented in 

Table 2. 

 

Relationships between interval CT outcomes and BAL. 

To determine the short-term effect of inflammation on structural lung disease 

progression, we compared the change in PRAGMA-CF outcomes over one 

year to the presence of NE activity and concentration of IL-8 at time-point 2, 

adjusted for age and for baseline PRAGMA-CF score. The same analysis was 

performed for proinflammatory infections. Data were available for 340 scan 



pairs. For %Disease and %TrappedAir, the progression over one year was 

associated with the presence of NE activity, concentration of IL-8, and the 

presence of proinflammatory infection. Only NE activity was associated with 

%Bronchiectasis (Table 3). 

 

Relationships between CT and BAL history. 

To determine the cumulative effects of inflammation on structural lung 

disease, we separately compared PRAGMA-CF outcomes to the number of 

times NE activity and IL-8 were detected in visits prior to the CT scan, 

adjusted for age. The same analysis was performed for proinflammatory 

infections. The number of NE activity detections was significantly associated 

with all CT outcomes. Neither the number of IL-8 detections or infections were 

associated with CT outcomes (Table 2). The association between age and 

%Disease, coloured according to the number of detections of NE and 

infection, are shown in Figure 1. 

 

Reference equations 

Reference equations for PRAGMA-CF are presented in Table 4. Patients with 

unknown genotype severity (55/265) were not included in this analysis. Centre 

(Perth vs Melbourne) was not a significant predictor and its inclusion in the 

model had little effect on the coefficients, so it was not included in the final 

prediction equations. Reference equation coefficients and residual standard 

deviations are presented in Table 4. 

 

  



DISCUSSION 
 

These data provide unique insight regarding the cumulative effects of 

inflammation and infection on structural lung disease in young children with 

CF. We demonstrated that not only is structural lung disease associated with 

the detection of inflammation and infection, but that repeated detection of free 

neutrophil elastase activity is associated with worse CT outcomes. This 

implies that inflammation that exceeds anti-inflammatory defences in the 

lungs in the first six years of life has a cumulative, ongoing effect on lung 

disease progression, plays a substantial role in the pathogenesis of CF-

related structural lung disease, and that preventing its presence has the 

potential to reduce the long-term impact of CF lung disease. These data 

present a strong case for trials of prophylactic anti-inflammatory therapy 

targeted at reducing neutrophilic inflammation in this age group, with the aim 

to prevent structural lung disease at the age of six years. 

 

Structural lung disease 

The variability in structural lung disease extent between patients seen in this 

study is consistent with the heterogeneous nature of CF lung disease. 

Nevertheless, as expected an overall progression over time was observed, 

with %Disease increasing by around 0.5 per year. Furthermore, to this end we 

have presented Z-score equations for all PRAGMA-CF outcomes. Although 

this provides a useful estimate for future studies in this age group and may 

inform clinical trial design, all children in this study were part of a 

standardised, extensive early surveillance programme. Therefore, these 



results may not be directly comparable to other centres with different 

monitoring and treatment regiments. 

 

The repeatability of %Bronchiectasis in this study was somewhat lower than 

originally reported in the PRAGMA-CF publication [16]. This may be the result 

of the larger time period in which CT was collected, and thus a greater variety 

in CT settings and image quality. Because bronchiectasis is rare in young 

children compared to other abnormalities such as bronchial wall thickening, its 

extent tends to be quite low (in this study 0.37% of the lung) and thus it is 

subject to greater variability. In young children with small airways, determining 

the airway-vessel ratio (and thus bronchiectasis) can be a matter of one or 

two pixels on the CT scan. Nevertheless, because the scans were allocated 

randomly and scorers were blinded to the patient details, clinical status, or 

BAL results, variability in %Bronchiectasis is likely to add noise to our 

measurements but not bias the results. 

 

Relationships between CT and inflammation/infection 

As expected, we found that all CT outcomes were associated with detectable 

free NE activity, IL-8 concentration, and infection presence in cross-sectional 

analyses, other than between %Bronchiectasis and infection. We also found 

that CT outcomes increased in the one-year interval prior to the detection of 

NE activity or infection. These results are consistent with previous studies 

relating CT to lower airway samples [2, 10, 17, 18]. The most important 

finding from this study was that structural lung disease extent was associated 

with the number of previous visits with BAL-detected NE activity, but not 



pulmonary infection. There is currently no consensus on whether pulmonary 

inflammation in young children is a transient effect with little long-term 

consequence, or a clinically important finding that warrants treatment. The 

results of this study seem to suggest the latter, although prospective clinical 

trials are needed to confirm whether structural lung disease can be prevented 

with targeted interventions. 

 

Comparison between inflammation and infection. 

The results of this study show that inflammation, particularly free NE activity, 

has a stronger correlation with and larger effect on structural lung disease 

than infection. Therefore, treating lung inflammation has additional potential 

for reducing structural lung disease compared with using anti-infective 

therapies alone. Despite this, detection of NE activity or another marker of 

lung inflammation is rarely acted upon, whereas pulmonary infection with for 

example Pseudomonas aeruginosa is often considered to be a clinically 

significant finding necessitating eradication therapy [19, 20]. Numerous 

studies have shown that eradication of this organism when first detected leads 

to delayed onset of chronic infection and improved clinical outcomes 

throughout childhood [21-25], and there is mounting evidence that eradication 

of other organisms such as Staphylococcus aureus may also be indicated 

[26]. However, aggressive Pseudomonas eradication strategies fail to prevent 

the high prevalence of bronchiectasis seen at 5 years of age [27], suggesting 

that chronic inflammation, regardless of the triggers, is a critical factor in the 

development of structural lung damage [28]. Prophylactic anti-inflammatory 

therapy is rarely included in routine management early in life, although in 



children over 6 years and in adults there is evidence for clinical benefits and 

its use is included in some clinical guidelines [29, 30]. However, although the 

side-effects profile of ibuprofen limits its use in newborns and infants, there 

are significant opportunities for repurposing a number of  alternative anti-

inflammatory molecules. The COMBAT-CF study (trial number 

NCT01270074) of prophylactic azithromycin from diagnosis provides a 

template for studies of repurposed molecules to prevent lung disease. Such 

an approach could result in the relatively expeditious implementation of new 

anti-inflammatory interventions for young children with CF. 

 

Reference equations 

The reference equations in this study are CF-specific, in that they capture the 

“usual” trajectory of lung disease in CF in a population undergoing “standard” 

treatment. These values may add clarity when comparing consecutive CT 

scans, to differentiate between natural disease progression and a potentially 

clinically significant change. Additionally, these values may aid in clinical trial 

design, for example when determining a clinically relevant treatment effect. 

However, it is well recognised that there exists significant variability in patient 

outcomes between countries, centres, and even individual clinicians. The 

equations presented are only directly applicable to the centres in this study; 

other centres should use them only as a guide ideally developing their own 

using the methods in this study. With the advent of CFTR modulators and 

other disease modifying medications, none of which were available for young 

children during the period of this study, consideration of their use should be 

taken into account when using these reference ranges. 



 

Limitations 

Although both NE activity and IL-8 are important indicators, their absence 

does not imply an absence of pulmonary inflammation. In addition, IL-8 was 

present in the majority of BALs and thus the number of times it is detected is 

not a particularly informative measure. The binary classification of NE activity 

into present/absent may mask the effects of inflammation severity on 

structural lung disease. A comprehensive survey of biochemical measures 

and cell counts would provide a more holistic view of lung inflammation. 

Furthermore, BAL samples are taken from individual lobes and may not be 

representative of the entire lung. Nevertheless, free NE activity in particular is 

a known risk factor for structural lung disease in early life CF [2] and its 

repeated detection from BAL provides a simple yet meaningful summary of 

inflammatory history. 

 

Infection was detected using culture methods, as per routine clinical practice. 

Because bacterial cultures are not as sensitive to detect pathologic organisms 

than other methods, for example gene sequencing or mass spectrometry [31], 

it is likely that the bacterial infection was underestimated using this study. The 

prohibitive cost and lack of availability of these techniques preclude their use 

in this retrospective analysis. However, the clinical impact of these infections 

that are unable to be cultured is not yet known, whereas bacteria cultured 

from BAL is a known prognostic indicator, and thus these results still provide a 

compelling argument for the importance of early life infection and 

inflammation in the pathogenesis of structural lung disease. 



 

Our data were acquired as part of annual surveillance snapshots, and thus 

may not accurately reflect the course of CF lung disease in the intervening 

year between visits. However, the strength of this approach is that the full 

spectrum of CF lung disease is represented, unlike studies recruited based 

upon episodes of acute disease. Because visits were scheduled at regular 

intervals while the children were clinically well, selection bias is unlikely to 

affect the results presented. 

 

Due to differences in clinical protocol, CT scans were only performed every 

second year in Melbourne, but annually in Perth. As a result, the associations 

reported will be more heavily weighted towards data from the Perth centre, 

with the one-year interval data exclusively from Perth. Both centres performed 

BAL annually, so the cumulative inflammation and infection results are not 

affected, and therefore although there is a Perth bias, this does not affect the 

interpretation of our results. 

 

Finally, there were a number of visits where inflammation and/or infection 

measurements were not available, either through failure to collect adequate 

sample or non-attendance at the scheduled BAL. Missed visits will result in an 

underestimation of inflammatory/infective history, particularly if the visit was 

missed due to the patient being too unwell. However, the number of missed 

visits was small, and unlikely to influence the results substantially. 

 

  



Conclusion 

We have shown that repeated detection of neutrophilic inflammation plays an 

important and ongoing role in the trajectory of structural lung disease 

throughout the first six years of life. Although infection is generally treated 

aggressively, inflammation is not routinely measured nor acted upon. These 

data present compelling evidence that pulmonary inflammation, particularly 

NE activity, throughout early life is a key prognostic indicator. Therefore, early 

life anti-inflammatory prophylaxis could be a useful strategy to improve long-

term outcomes and further trials aimed at preventing lung disease are 

urgently needed in this young age group. 
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Tables 

Table 1: Patient demographics and measurements 

Clinical characteristics  

Number of scans (patients) 683 (265) 

Total number of BALs 1161 
Age at CT scan (yrs) 3.30 (1.78) 

Centre (Perth:Melbourne) 154:111 

Sex (M:F) 135:130 
Severe genotype* 192 / 210 (91%) 

Pancreatic insufficient* 199 / 243 (82%) 

  

CT measures  
%Disease 3.19 (2.29) 

%Bronchiectasis 0.37 (1.21) 

%TrappedAir 4.30 (7.39) 
Number of interval scan pairs† 342 

Δ%Disease† 0.82 (2.35) 

Δ%Bronchiectasis† 0.18 (1.22) 
Δ%TrappedAir† 0.79 (8.22) 

  

BAL measures  
Free NE activity present* 135 / 664 (20%) 

IL-8 present* 632 / 663 (95%) 

IL-8 concentration (ng/mL)* 2.87 (7.69) 
Proinflammatory infection present* 158 / 620 (25%) 

Previous NE activity detections‡ 0.55 (0.93) 

Previous IL-8 detections‡ 2.45 (1.7) 

Previous infection detections‡ 0.57 (0.86) 
Data are presented as counts, ratios, fraction (percentage) or mean (standard deviation) as 
appropriate. 
CT = Computed tomography, BAL = bronchoalveolar lavage, NE = neutrophil elastase. 
* Data for some patients and/or visits is unknown or not recorded. 
† Changes in CT measures over time are from all patients with two CT scans, one year apart. 
‡ Number of NE detections, IL8 detections, proinflammatory infection detections, and 
organisms recorded from annual visits performed prior to the CT scan. 
  



 

Table 2: Associations between CT and bronchoalveolar lavage measures. 

 %Disease %Bronchiectasis %TrappedAir 

 Coeff [95% CI] P Coeff [95% CI] P Coeff [95% CI] P 

Age 0.54 [0.46, 0.63] <0.001 0.14 [0.10, 0.19] <0.001 0.69 [0.41, 0.97] <0.001 
NE activity 1.27 [0.89, 1.64] <0.001 0.47 [0.29, 0.64] <0.001 5.24 [3.98, 6.50] <0.001 

IL-8 (log) 0.30 [0.20, 0.40] <0.001 0.05 [0.00, 0.09] 0.035 0.94 [0.61, 1.27] <0.001 

Infection* 0.65 [0.28, 1.01] <0.001 0.09 [-0.08, 0.26] 0.282 2.84 [1.57, 4.12] <0.001 
# NE detections† 0.31 [0.09, 0.54] 0.007 0.13 [0.01, 0.25] 0.029 1.45 [0.69, 2.20] <0.001 

# IL8 detections† 0.19 [-0.01, 0.39] 0.069 0.05 [-0.05, 0.15] 0.327 0.64 [-0.03, 1.30] 0.060 

# Infections† 0.23 [-0.01, 0.47] 0.060 0.16 [0.04, 0.28] 0.011 0.65 [-0.16, 1.46] 0.117 

Linear mixed model data between CT and bronchoalveolar lavage measures of infection and 

inflammation. Data presented as coefficients [95% confidence intervals] and P-values. Age is 

included as a fixed effect in each model, and random intercepts and slopes for each patient.  

Coeff = Coefficient; CI = confidence interval, NE = neutrophil elastase. 

* Infection = detection of significant colonisation of a proinflammatory pathogen. 

† Number of detections of NE and any proinflammatory infection detections in annual 

surveillance BALs performed prior to the CT scan. 

 

Table 3: Associations between one-year CT interval data and bronchoalveolar lavage 

measures. 

 Δ%Disease Δ%Bronchiectasis Δ%TrappedAir 

 Coeff [95% CI] P Coeff [95% CI] P Coeff [95% CI] P 
NE activity 1.80 [1.22, 2.39] <0.001 0.62 [0.33, 0.91] <0.001 6.84 [4.83, 8.84] <0.001 

IL-8 (log) 0.38 [0.23, 0.54] <0.001 0.04 [-0.04, 0.11] 0.342 1.25 [0.69, 1.80] <0.001 

Infection* 0.90 [0.32, 1.49] 0.003 0.04 [-0.24, 0.32] 0.777 3.25 [1.12, 5.38] 0.003 
Linear mixed model data between change in CT outcome over one year and bronchoalveolar 

lavage measures of infection and inflammation at the follow-up scan. Data presented as 

coefficients [95% confidence intervals] and P-values. Both age and baseline CT measure are 

included as fixed effects in each model, and random intercepts and slopes for each patient. 

Coeff = Coefficient; CI = confidence interval; NE = neutrophil elastase. 

* Infection = detection of significant colonisation of a proinflammatory pathogen; organisms 

= the number of proinflammatory organisms present. 

  



Table 4: Prediction equation coefficients for PRAGMA-CF outcomes. 

Outcome Age (years) Genotype 
(0=Mild, 
1=Severe) 

Sex 
(0=Male, 
1=Female) 

Intercept Residual SD 

%Disease 0.564 0.878 0.441 0.244 1.421 

%Bronchiectasis 0.155 0.267 0.329 -0.581 0.838 

%TrappedAir 0.745 2.052 1.864 -1.114 4.972 
Prediction equations for PRAGMA-CF computed tomography outcomes for children aged 

below six years, in the AREST CF cohort. The reference value for a given patient for each 

outcome can be calculated by summing the predictors multiplied by their listed coefficient 

and adding the intercept. The Z-score can be calculated by subtracting the predicted value 

from the measured value, and dividing by the residual standard deviation (SD). 

 

Figure captions 
 
Figure 1: The association between the PRAGMA-CF measure %Disease and age. 

Top: Colour scale indicates the number of times free neutrophil elastase activity (NE) 
was detected in annual surveillance bronchoalveolar lavage prior to the CT date.  
Bottom: Colour scale indicates the number of times a proinflammatory infection was 
detected in annual surveillance bronchoalveolar lavage prior to the CT date. 
  



 

 
 

 


