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Abstract 1 

Background: Effective management of protracted bacterial bronchitis (PBB) is needed to 2 

prevent chronic disease (e.g. bronchiectasis). Understanding the contributions of on-going airway 3 

infection and inflammation is important to achieving optimal PBB treatments. The aim of this 4 

study was to compare bronchoalveolar lavage (BAL) microbiota, bacterial biomass and 5 

inflammatory markers in children with PBB and age-matched controls. 6 

Methods: BAL was prospectively collected from 28 children with PBB (median age=1.7-years, 7 

range 0.6-7.4) and 8 controls (median age=1.9-years, range 0.4-4.7). BAL microbiology was 8 

determined using culture, 16S rRNA gene sequencing and bacterial biomass quantification. BAL 9 

inflammatory cells, IL-8 and IL-1β were used to assess lower airway inflammation. 10 

 Results: Bacterial biomass, neutrophil percentage, IL-8 and IL-1β levels were significantly 11 

higher in children with PBB compared to controls. BAL microbiota in children with PBB was 12 

significantly different to that of controls (PERMANOVA p=0.001) and clustered into four 13 

distinct profiles that were either dominated by a respiratory pathogen or contained a more diverse 14 

microbiota including Prevotella species. Alpha diversity was unrelated to bacterial biomass, 15 

culture of recognized respiratory pathogens or inflammatory markers.  16 

Conclusion: Neutrophilic inflammation in children with PBB was associated with multiple BAL 17 

microbiota profiles. Significant associations between inflammatory markers and bacterial 18 

biomass, but not alpha diversity, suggest that inflammation in children with PBB is not driven by 19 

single pathogenic species. Understanding the role of the entire respiratory microbiota in PBB 20 

pathogenesis may be important to determining whether bacteria other than the recognized 21 

pathogens contribute to disease recurrence and progression to bronchiectasis.  22 
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Introduction 1 

Research priorities on protracted bacterial bronchitis (PBB) include studying the influence of the 2 

respiratory microbiota on recurrence and progression. PBB is a common cause of chronic cough 3 

in children1,2 where cough resolves with 2-4 weeks of antibiotic therapy3. Despite the initial 4 

response, one prospective study (n=161 children) found 44% of children experienced recurrent 5 

disease and 8% developed bronchiectasis within 2-years of the PBB diagnosis4. 6 

 7 

The pathogenic mechanisms underlying recurrent PBB are poorly understood. Microbial and 8 

inflammatory factors are likely important as children with PBB have endobronchial infection 9 

with neutrophilic inflammation (increased airway neutrophilia, IL-8, IL-1β, MMP-9)1,5,6. Culture-10 

based studies of PBB microbiology have detected clinically-significant levels (>104 colony 11 

forming units [CFU]/mL in bronchoalveolar lavage [BAL]) 7,8 of Haemophilus influenzae, 12 

Streptococcus pneumoniae, Moraxella catarrhalis and Staphylococcus aureus1,2. Detection of H. 13 

influenzae at clinically-significant levels was associated with a 7-fold increased risk of future 14 

bronchiectasis4.  15 

 16 

While respiratory pathogens are important, it is unclear whether analysis of individual pathogens 17 

sufficiently explains PBB pathogenesis, particularly as some children respond to antibiotic 18 

therapy despite negative culture results7,9 whereas others require 4-weeks of antibiotics for cough 19 

resolution1. Important roles for other bacteria are suggested by culture-independent studies which 20 

have identified a complex lower airway microbiota that includes multiple taxa that aren’t detected 21 

using standard methods, including anaerobic bacteria10-12. The role of anaerobes in the 22 

pathogenesis of chronic respiratory infections is unclear; however, cystic fibrosis (CF) studies 23 
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report a potentially important role for Prevotella in moderating treatment responses13,14. 1 

Determining whether the respiratory microbiota contributes to lower airway inflammation or 2 

moderates treatment response is potentially important to identifying treatments that can 3 

effectively prevent recurrent PBB. 4 

 5 

Alpha diversity of the respiratory microbiota (a measure of the bacterial community structure) 6 

may also be important in chronic airway infections. In children with CF, dominance of the 7 

respiratory microbiota by pathogens (indicative of low alpha diversity) was associated with 8 

increased airway inflammation15, whereas dominance by Streptococci, Prevotella and Veillonella 9 

was not16. No studies have examined relationships between alpha diversity and inflammation in 10 

children with PBB; however, one study found the respiratory microbiota of children with PBB 11 

had lower alpha diversity compared to controls because of dominance by Haemophilus and 12 

Neisseria spp.12. Furthermore, the dominant bacteria in the respiratory microbiota of 37% of 13 

children with PBB were not detected by culture12. Better understanding of relationships between 14 

alpha diversity and lower airway inflammation is important in determining the role of the 15 

respiratory microbiota in PBB pathogenesis, and to determining whether microbiota profiling 16 

could be used to identify children at risk of recurrent or more severe lung disease. 17 

 18 

Thus, we evaluated the microbiota and inflammatory markers in BAL prospectively collected 19 

from children with PBB and controls. We hypothesized that BAL microbiota are different in 20 

children with PBB compared to controls, and that BAL inflammatory markers are associated with 21 

dominance by respiratory pathogens. Our specific aims were to examine the relationship between 22 
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BAL microbiota, bacterial biomass and inflammatory markers in children with PBB and 1 

determine if this was different to that of controls. 2 

Materials and Methods  3 

The study was approved by the Human Research Ethics Committee of the Royal Children’s 4 

Hospital, Brisbane (03/QRCH/17) and was conducted in accordance with the amended 5 

Declaration of Helsinki. All children were enrolled with written informed consent from parents. 6 

Children undergoing bronchoscopy for a clinical indication (excluding CF) were enrolled 7 

between February-2011 and November-2012. PBB was clinically-diagnosed post-bronchoscopy 8 

based on the presence of a wet cough for >4-weeks, the absence of specific causal cough 9 

indicators, and cough resolution within 2-weeks of receiving antibiotics8. Controls were children 10 

undergoing bronchoscopy for assessment of airway abnormalities without history of chronic 11 

cough. 12 

 13 

Bronchoscopy, BAL and cell differential counts were performed as described previously11,17. 14 

Neat BAL aliquots were stored at -80°C for cytokine measures. IL-8 was measured using an in-15 

house ELISA and IL-1β with a commercial ELISA (BD Biosciences)18. The lowest detection 16 

limit for both assays was 3.9 pg/mL. 17 

 18 

Neat BAL was diluted 1:1 with 2X STGGB19 and stored at -80°C for bacterial analyses. Culture 19 

was performed using standard methods20. Clinically-significant culture was defined as bacterial 20 

density >104 CFU/mL BAL20. DNA was extracted from 400 µL of BAL in STGGB (equivalent 21 

to 200 µL neat BAL)11. BAL bacterial biomass was determined using qPCR targeting the 16S 22 

rRNA gene21,22; low bacterial biomass was defined as <103 genome equivalents (GE)/µL of 23 
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DNA23,24. Sequencing of 16S rRNA gene V1-3 regions was done as described previously11. 1 

Sequence data were analysed as described in the supplementary material. DNA extraction 2 

negative controls were processed concurrently with the clinical specimens. 3 

 4 

Hypothesis testing was done using the Mann-Whitney U-test. Statistical dependence between 5 

variables was determined using a Spearman's correlation (rs). Where required, the Benjamini 6 

Hochberg procedure was used to correct for multiple measures. Alpha diversity was assessed 7 

using Shannon’s Diversity. PERMANOVA and hierarchical group average cluster analysis were 8 

performed using a Bray-Curtis similarity matrix generated from square-root transformed 9 

operational taxonomic unit (OTU) data. Taxa associated with specific clusters were determined 10 

using similarity of percentages (SIMPER) and random forest analyses. Data were analysed using 11 

Stata v14.0 (StataCorp), PRIMER 625 and R v3.2.326 with the ggplot227, vegan28, beeswarm29 and 12 

randomForest30 packages. 13 

Results 14 

Twenty-eight children with PBB and 8 controls of similar age were included (Table-1). One 15 

control and 6/28 children with PBB received antibiotics during the 2-weeks preceding 16 

bronchoscopy (Table-1). No children were taking long-term antibiotics. 17 

 18 

Inflammatory markers and bacterial culture 19 

Neutrophilic airway inflammation (>15%) was exclusively present in children with PBB (Table-20 

2). BAL neutrophil percentage, IL-8 and IL-1β were all significantly higher in children with PBB 21 

compared to controls (p<0.03; Figure-1, Table-2) and were all significantly correlated to each 22 

other (rs>0.7, p<0.0001). Overall, 26/28 (93%) children with PBB were culture-positive for ≥1 23 
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pathogen; 61% at clinically-significant levels (Table-2). BAL inflammatory markers were all 1 

significantly higher when S. pneumoniae, H. influenzae and/or M. catarrhalis were cultured (all 2 

p<0.02). 3 

 4 

Bacterial biomass, inflammation and microbiota 5 

BAL bacterial biomass was significantly higher in children with PBB compared to controls 6 

(p=0.001; Figure-1); was significantly correlated with neutrophil percentage (rs=0.65, p=0.0003) 7 

and IL-1β (rs=0.42, p=0.03); and was significantly higher in specimens that were culture-positive 8 

for H. influenzae, S. pneumoniae and/or M. catarrhalis at clinically-significant levels (p=0.008). 9 

There was no significant difference in bacterial biomass among children who had or had not 10 

received recent antibiotics or among those taking corticosteroid medications. 11 

 12 

Microbiota data were successfully generated for all children with PBB and 7/8 controls (no 13 

bacteria were detected by qPCR in the control BAL that returned no sequences). Alpha diversity 14 

(the bacterial community structure) was not significantly different in children with PBB compare 15 

to controls (Table-2, e-Figure 1), in those receiving antibiotics or in those taking corticosteroids. 16 

Furthermore, alpha diversity was unrelated to culture of a pathogen at clinically-significant 17 

levels, bacterial biomass, inflammatory markers or age.  18 

 19 

Although the alpha diversity was similar in children with PBB and controls, the beta diversity (a 20 

measure of community composition) was significantly different (PERMANOVA p=0.001, 21 

Pseudo-F=2.78, df=1). This finding must be interpreted cautiously given the small number of 22 

controls and significant dispersion differences (PERMDISP p=0.005); however, the 23 
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PERMANOVA result is consistent with results of the cluster analysis which partitioned 5/7 1 

controls separately from those with PBB (Figure-2).  2 

 3 

BAL microbiota were heterogeneous 4 

Cluster analysis partitioned BAL microbiota from 27/28 children with PBB into 4 distinct 5 

profiles at a 40% similarity threshold (Clusters 2-5 in Figure-2). BAL microbiota from one child 6 

with PBB clustered separately (arbitrarily called Cluster 6 in Figure-2); however, PCR inhibition 7 

was detected in DNA from this sample. The observed partitioning was unrelated to recent 8 

antibiotic treatment or corticosteroid medication. 9 

 10 

Clusters 2 and 3 were dominated by OTUs consistent with M. catarrhalis and H. influenzae; the 11 

relative abundance of these OTUs ranged from 52-92% and 11-84%, respectively (Figure-2). 12 

Two different Prevotella OTUs dominated Clusters 4 and 5 (Table-3, e-Figure 2); however, the 13 

relative abundance of these OTUs did not exceed 54%. Consistent with this, alpha diversity in 14 

clusters 4 and 5 was significantly higher than that of the pathogen-dominated clusters 2 and 3 15 

(p=0.0005, e-Figure 3). There was no difference in bacterial biomass or inflammatory markers in 16 

pathogen-dominated clusters compared to those associated with Prevotella OTUs (all p>0.08). 17 

 18 

BAL microbiota were also heterogeneous among controls; 5/7 controls showed <40% similarity 19 

to any other specimen (arbitrarily grouped as Cluster-1 in Figure-2). Data from 2 controls 20 

clustered with PBB specimens (Figure-2); one of these controls had signs of bronchitis during 21 

bronchoscopy but did not fulfil the PBB criteria and did not have elevated inflammatory markers. 22 

 23 
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Discussion 1 

BAL from children with PBB were characterized by neutrophilic inflammation that was 2 

associated with culture of one or more respiratory pathogens. BAL bacterial biomass was 3 

significantly higher in children with PBB compared to controls, and was strongly correlated with 4 

neutrophilic inflammation. BAL microbiota in children with PBB was significantly different to 5 

that of controls, and clustered into four distinct microbiota profiles that were either dominated by 6 

a respiratory pathogen or contained a more diverse microbiota in which Prevotella species were 7 

prominent. This variation in alpha diversity among children with PBB was unrelated to BAL 8 

bacterial biomass, culture of respiratory pathogens or inflammatory markers, suggesting that 9 

increased bacterial biomass and inflammation in children with PBB cannot be attributed to single 10 

pathogenic species alone. 11 

 12 

Our findings are in contrast to a study that found lower alpha diversity in children with PBB 13 

(compared to controls) that was associated with dominance by Haemophilus and Neisseria12. The 14 

reasons for our contrasting results are unclear, but may reflect specimen and cohort differences. 15 

The former study12 analysed protected brush specimens which sample less airway surface than 16 

BAL31 and may be less affected by inadvertent upper airway flora contamination. It is possible 17 

that detection of H. influenzae at clinically-significant levels but low relative abundance in most 18 

BALs in our study may reflect contamination by upper respiratory flora; however, this is 19 

considered unlikely as a comparison of protected brush, BAL and oral specimens found that 20 

upper airway flora had a minimal effect on BAL microbiota profiles31. Instead, detection of H. 21 

influenzae at clinically-significant levels but not as the dominant bacterium in the microbiota 22 
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profile suggests broad overgrowth of a diverse lower airway bacterial community with multiple 1 

taxa contributing to the elevated bacterial biomass. 2 

 3 

Demographic factors also differed between these studies. Our cohort was younger (median 4 

age=1.7-years) than the former study (median age=4.3-years)12. In CF, the airway microbiota 5 

undergoes dynamic changes during the first years of life15, becoming pathogen-dominated in 6 

most children after 4-years of age32. Geographic differences may also have contributed, but this is 7 

considered unlikely as an earlier study demonstrated high similarity of the respiratory microbiota 8 

in children from different countries10. Irrespective of these factors, all PBB microbiota studies to 9 

date10,12 have been limited by small cohort sizes (<30 children with PBB), thus, the true 10 

variability may not have been fully sampled. 11 

 12 

Where low alpha diversity was observed in children with PBB, it was associated with dominance 13 

of the respiratory microbiota by H. influenzae and M. catarrhalis. Culture-based studies have 14 

reported important roles for these species in the long-term outcomes of children with respiratory 15 

disease. In children with PBB, lower airway infection with H. influenzae conferred a 7-fold 16 

increased risk of progression to bronchiectasis4. Likewise, a study of children with acute 17 

respiratory infection found that M. catarrhalis culture was associated with cough persistence at 18 

28-days33. Earlier PBB studies also suggest important roles for Neisseria and Streptococci12,34. 19 

These species were amongst the most dominant taxa in several clusters identified in this study, 20 

but often explained <10% of the within cluster similarity. Mitis Group Streptococci (includes S. 21 

pneumoniae) were the second most dominant taxa in clusters 2, 3 and 5; however, the 22 

significance of this finding is unclear as short-read sequences do not resolve the Mitis Group. 23 
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This is the first study to identify PBB microbiota profiles that had high alpha diversity associated 1 

with Prevotella species. Importantly, inflammation in children with Prevotella-associated 2 

profiles was similar to that of children with pathogen-dominated microbiota, supporting the 3 

hypothesis that bacteria other than the recognized pathogens may contribute to inflammation in 4 

children with PBB. Furthermore, this finding may explain why some children with chronic cough 5 

and lower airway inflammation, but no respiratory pathogens cultured, still respond to antibiotic 6 

therapy7,9. 7 

 8 

Detection of Prevotella at high relative abundance suggests a potentially important role in PBB 9 

pathogenesis, either directly by driving inflammation or indirectly by affecting the behavior of 10 

other bacteria. Previous PBB studies have not included anaerobic culture conditions; however, 11 

Prevotella are commonly reported among the respiratory microbiota of patients with various 12 

chronic lung diseases10,35,36. Prevotella recovered from CF patients include strains that produce 13 

an extended spectrum beta-lactamase capable of inhibiting ceftazidime killing of P. aeruginosa13. 14 

Furthermore, a longitudinal study of CF patients found two Prevotella OTUs at higher relative 15 

abundance in patients who did not respond to aztreonam therapy, whereas a third Prevotella OTU 16 

was more abundant in those who responded14.  Two of the PBB microbiota clusters in our study 17 

were dominated by either an unclassified Prevotella or Prevotella melaninogenica. Further 18 

research is needed to determine relationships between different Prevotella species, inflammation, 19 

and long-term clinical outcomes in children with PBB. Testing is also needed to determine 20 

whether the presence of Prevotella at high relative abundance (or the combined activity of 21 

several bacteria in the diverse Prevotella-associated profiles) may explain why some children 22 

with PBB require 4-weeks of antibiotics1. 23 
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 1 

Our findings suggest cluster analysis may be a useful tool as it enables microbiota profiles to be 2 

defined and subsequently tested for relationships with clinical outcomes. This approach was used 3 

previously to associate respiratory microbiota with clinical factors in adults with bronchiectasis37, 4 

and to investigate risk of lower airway infection in infants36. Cluster analysis will also detect 5 

heterogeneity in bacterial community structure that may be masked by broad comparisons of 6 

alpha diversity, as was observed in this study. There is growing need to develop new diagnostic 7 

methods for identifying children at risk of progressing from PBB to bronchiectasis,2,38,39 in line 8 

with the increasing appreciation of endo- and phenotyping disease for precision medicine. 9 

Indeed, this has been suggested for asthma40, COPD41 and bronchiectasis42,43. While the field 10 

of PBB has yet to achieve this, we speculate that microbiota profiling may lead to specific 11 

treatments (e.g. prophylactic azithromycin and airway clearance) for those at risk of recurrence or 12 

bronchiectasis.  13 

 14 

While we describe novel data about the airway microbiota and inflammation in children with 15 

PBB, our study has limitations. Our cohort was small but of similar size to recent studies 16 

examining these relationships in respiratory contexts12,44. Our analysis included specimens with 17 

low bacterial biomass which can be affected by residual bacterial DNA in sterile laboratory 18 

reagents23. While care was taken to identify and exclude contaminant OTUs, some background 19 

contamination may remain. This is considered unlikely to have confounded the analysis though, 20 

as background contamination would be expected to result in higher alpha diversity in the low 21 

bacterial biomass control specimens, which was not the case. We could not determine whether 22 
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differences in alpha diversity relate to cumulative antibiotic use, as the children were enrolled at 1 

the time of bronchoscopy.  2 

Conclusion  3 

Neutrophilic inflammation in BAL from children with PBB was associated with bacterial 4 

biomass but unrelated to alpha diversity. Distinct PBB microbiota profiles could be broadly 5 

categorized as either being dominated by respiratory pathogens or having a more diverse 6 

microbiota associated with Prevotella species. This suggests that taxa other than the recognized 7 

respiratory pathogens may contribute to inflammation in children with PBB. Better understanding 8 

of the relationships between different PBB microbiota profiles and long-term clinical outcomes is 9 

needed to determine whether some children may require more targeted clinical management to 10 

prevent recurrent PBB and progression to bronchiectasis.  11 
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Tables 1 

Table-1: Characteristics of the PBB and control cohorts  2 

 PBB Controls 
Number of children 
 

28 8 

Males (%) 
 

16 (57) 7 (88) 

Age in years, median (range) 
         

1.7 (0.6 - 7.4) 
 

1.9 (0.4 - 4.7) 

Antibioticsa (%) 
   Amoxicillin clavulanate 
   Azithromycin 
   Sulfamethoxazole trimethoprim 
 

6 (21) 
3 
1 
2 

1 (13) 
0 
1 
0 

Corticosteroidsb (%) 
   Oral 
   Inhaled 
   Oral and inhaled 
 

6 (21) 
2 
0 
4 
 

2 (25) 
1 
1 
0 

 3 

a Antibiotics indicates treatments received in the 2-weeks preceding bronchoscopy. 4 

b Corticosteroids indicates whether the child was taking these medications on the day of the 5 

bronchoscopy.  
6 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

22 

 

Table-2: BAL bacterial and inflammatory measures 1 

 PBB 
N=28 

Controls 
N=8 

Inflammatory markers, median (IQR) a 
   BAL neutrophil percentage 

   IL-8 
   IL-1β  
 

 
42 (19-70) 

618 (270-1414) 
48 (23-121) 

 
5 (2-7) 

104 (59-136) 
12 (8-19) 

Bacterial culture  (%) 
   H. influenzae 
   S. pneumoniae 
   M. catarrhalis 
   S. aureus 
   P. aeruginosa 
 
Bacteria cultured at >104 CFU/mL BAL  (%) 
   H. influenzae  
   S. pneumoniae  
   M. catarrhalis  
   S. aureus 
 

 
22 (79) 
12 (43)  
9 (32) 
5 (18) 

0 
 
 

7 (25) 
8 (29) 
5 (18) 

0 
 

 
0 
0 
0 

3 (38) 
0 
 
 
0 
0 
0 

1 (13) 

BAL microbiota 
Number of BAL with sufficient  
reads for microbiota analysis 
 
Alpha diversity, median (IQR) 
     Shannon’s Diversity       
      Richness 
      Pielou’s evenness  

 

 
28 
 
 
 

3.2 (2.8-3.6) 
38 (26-50) 

0.88 (0.85-0.92) 

 
7 
 
 
 

3.2 (2.6-3.6) 
35 (22-46) 

0.88 (0.84-0.93) 
 

 2 

a Neutrophil data were missing for 1 child with PBB. Cytokine data were missing for 2 children 3 

with PBB. IL-8 and IL-1β data are expressed in pg/mL.  4 

IQR  = Interquartile range.  5 

CFU = colony forming units.  6 
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Table-3: Summary of the top 5 OTUs defining each cluster 1 

Cluster Number of 
samples 

 

BLASTn ID 
(% similarity explained) 

Average 
similarity 

 

Cumulative % 
similarity 

1 5 Mitis Group Streptococci (30.3) 
Prevotella sp. (13.2) 
S. aureus (10.2) 
Porphyromonas sp. (6.5) 
S. mitis (5.7) 
 

9.88 65.9 

2 7 M. catarrhalis (60.3) 
Mitis Group Streptococci (7.6) 
Prevotella sp. (6.0) 
H. influenzae (3.1) 
Neisseria flavescens (2.9) 
 

49.40 79.9 

3 3 H. influenzae (36.7) 
Mitis Group Streptococci (13.5) 
Neisseria flavescens (10.8) 
Prevotella sp. (5.1) 
H. parainfluenzae (4.5) 
 

44.91 70.6 

4 3 Prevotella melaninogenica (14.3) 
Neisseria flavescens (7.6) 
H. haemolyticus (6.9) 
H. parainfluenzae (6.2) 
Mitis Group Streptococci (5.7) 
 

46.25 40.7 

5 16 Prevotella sp. (15.1) 
Mitis Group Streptococci (9.7) 
H. haemolyticus (9.2) 
Porphyromonas sp. (5.1) 
Porphyromonas sp. (4.8) 
 

45.73 43.9 

6 1 Mitis Group Streptococci  
H. parainfluenzae  
Porphyromonas sp.  
Lautrophia mirabilis  
Neisseria flavescens  
 

- - 

 2 

Average similarity indicates the average Bray-Curtis similarity among BALs in each cluster. 3 

Cumulative % similarity indicates the sum of within cluster similarity explained by the listed 4 

OTUs. Taxa that individually explained at least 10% of within cluster similarity are shown in 5 

bold font. Cluster 1 is an arbitrary grouping of samples that did not cluster with any other sample 6 

at a 40% similarity threshold. Similarity data for cluster 6 are not shown, as it contained a single 7 

sample.  8 
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Figure Legends 1 

Figure-1: BAL neutrophil percentage, IL-8, IL-1β and bacterial biomass were all 2 

significantly higher in children with PBB compared to controls 3 

Neutrophil data were missing for 1 child with PBB. Cytokine data were missing for 2 children 4 

with PBB. Bacterial biomass data could not be determined for 1 child with PBB because of PCR 5 

inhibition. Outlier elevated IL-8 and IL-1β (but not BAL neutrophil percentage) were observed 6 

for one control child. This child was culture-positive for S. aureus at >104 CFU/mL of BAL, 7 

indicating lower airway infection. 8 

Figure-2: Hierarchical group average cluster analysis of BAL microbiota data 9 

The dendrogram is colored to indicate samples clustering together with >40% similarity (Clusters 10 

2-5). The five BAL shown on the left of the dendrogram had low similarity to all other samples; 11 

these BAL were arbitrarily grouped as Cluster 1. One further BAL clustered separately 12 

(arbitrarily called Cluster 6); PCR inhibition was detected in DNA from this sample. Taxa bar 13 

charts are colored to indicate OTUs detected in at least one BAL at >10% relative abundance; 14 

OTUs only detected at <10% relative abundance are colored together as “Other”. Taxonomy 15 

shown in this figure is based on BLASTn. 16 
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e-Appendix 1. 

 

16S rRNA gene sequencing 

Sequencing of the V1-3 regions of the 16S rRNA gene was done in two batches using a Roche 454 GS FLX 

Titanium platform, as described previously1. Reads were analysed using mothur (version 1.33.3) as per the 

454-SOP2-4 with exclusion of reads containing one or more mismatches in the barcode. Taxonomic 

classifications were assigned using the SILVA reference alignment (release 102)5 and BLASTn6. Operational 

taxonomic units (OTUs) only detected at <0.1% relative abundance were also excluded from downstream 

analyses. 

 

Each sequencing batch included two reagent only DNA extraction negative controls that were processed 

alongside the clinical specimens. No bacteria were detected in these controls when tested by the bacterial 

biomass qPCR and no sequences were returned for the negative controls from the first sequencing batch. 

Negative controls from the second batch returned 458 and 1119 reads that clustered into 24 OTUs, with 7 

OTUs (29%) common to both controls. Twenty-three of these OTUs were considered consistent with 

background contamination because: i) the OTU was only detected in a negative control; ii) the OTU was 

only detected at relative abundance >1% in clinical specimens that had low bacterial biomass (<103 GE/µL 

DNA); or iii) a strong inverse correlation (rs between -0.7 and -1.0) was detected between the bacterial 

biomass and the genus-level relative abundance data 7. All OTUs identified as background contamination 

were excluded prior to downstream analyses. An OTU consistent with M. catarrhalis was detected at <0.5% 

relative abundance in one negative control. We considered detection of this OTU in a negative control 

suggestive of a barcoding error8 given: i) irreproducible detection of this OTU at low relative abundance in 

a single negative control and ii) the absence of a relationship with bacterial biomass. Thus, this OTU was 

not excluded from downstream analyses. 

 

Additional filtering of data from clinical specimens was done to identify genera suggestive of background 

contamination that may have occurred prior to DNA extraction (e.g. during specimen collection or from the 

STGGB storage media). Any genera that had a strong inverse correlation (Spearman’s rho -0.7 to -1.0) 

between the bacterial load biomass the genera’s relative abundance, were excluded from downstream 

analyses as this relationship is strongly suggestive of background contamination7,9. Taxa previously reported 

as reagent or kit contaminants9 were also excluded if: i) only detected at <1% relative abundance or ii) only 

detected in specimens with low bacterial biomass. Following exclusion of OTUs identified as background 

contamination, the sequence data were subsampled to a depth of 883 reads based on rarefaction curves. 

Sequence data are available upon request subject to HREC and institutional permissions.
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e-Figure 1: Alpha diversity in BAL microbiota. 

There was no significant difference in the alpha diversity of BAL from children with PBB compared to 

controls (A); in children who had recently received antibiotics (B); or when a respiratory pathogen at 

clinically-significant levels (C). 
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e-Figure 2: Relative abundance of taxa identified by random forest analysis as differentiating the BAL 

microbiota clusters.   
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e-Figure 3: Alpha diversity was significantly lower in pathogen-dominated clusters 2-3 compared with 

Prevotella-dominated clusters 4-5. 
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