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[bookmark: _Toc390545996][bookmark: _Toc528352814]Abstract
Lower airway sampling in paediatrics is challenging and often invasive. The role of infection in persistent bacterial bronchitis (PBB) is well established but there has been no microbiological comparison with PBB and a completely normal host. 
Bioaerosol sampling systems can non-invasively access the lungs. A proof of concept study was carried out in 20 healthy adults who breathed for two minutes and then coughed ten times into an exhalation filter device. 15 grew Staphylococcus, five Streptococcus and five had no growth. This may represent upper airway contamination.
Bronchoalveolar lavage from 13 children with PBB and five controls were compared in the EPISTREP study. Significant recruitment problems were encountered. 12 with PBB had a positive bacterial culture compared to two healthy controls growing bacteria expected in PBB, namely Haemophilus influenzae, Haemophilus parainfluenzae, Streptrococcus pneumoniae and Moraxella catarrhalis.
Bronchial brushings, an easier and quicker alternative to bronchoalveolar lavage, were compared in PBB and controls. Blind bronchial brushings were taken from 24 with PBB and 18 controls, with an additional non-blind brushing taken in PBB. DNA extraction, quantitative PCR and 16S rRNA gene sequencing were done. Bacterial diversity was reduced in PBB compared to controls (p<0.001). Haemophilus was the most commonly cultured organism in PBB (n=17) yet it was only dominant by sequencing in nine children. No one cultured Neisseria but it was dominant by sequencing in five patients. There was no difference in microbiome detection using blind and non-blind brushings.
Bacteria considered significant in PBB can be cultured from the lower airways of healthy children. In PBB there is a significant reduction in microbiome diversity, similar to other lung diseases such as cystic fibrosis. The equivalence of blind and non-blind brushings enables simpler lower airway sampling although using the exhalation filter as a non-invasive sampling method requires further development.
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[bookmark: _Toc390545999][bookmark: _Toc528352817]1.1		Rationale for this research
Chronic cough in children presents both a diagnostic and a therapeutic challenge for respiratory paediatricians.  The collection of lower airway samples to aid decision-making is problematic as children often cannot expectorate sputum. The aim of this research was to firstly design and trial a bioaerosol sampling system, a simple, non-invasive technique that would be an acceptable and effective method of sampling the lungs of children. 
The study of paediatric chronic cough is also hampered by the lack of quality data from healthy children. Comparative information from controls that would support the diagnosis of pathology when abnormalities are found in children with respiratory problems is not available. The first bronchoscopy study of children with completely normal respiratory health was designed to compare bronchoalveolar lavage in this healthy respiratory group with a cohort of children with persistent bacterial bronchitis (PBB), a cause of chronic cough 
BAL is not the only effective method of sampling the lower airways, bronchial brushings offer an alternative approach. New molecular techniques are also being used increasingly in clinical practice with a growing recognition of the limitations of standard microbiological culture. The use of bronchial brushings to study the microbiome of children with molecular analysis has not been performed and the difference in microbiota between healthy children and chronically coughing children with PBB has never been described. A study of these two groups was designed to describe these differences and to compare the non-blind (guided by a bronchoscope) and blind approach, the latter offering a more accessible methodthat could facilitate quicker and easier lower airway sampling in future paediatric research. 

[bookmark: _Toc528352818]1.2 		Research chronology 
The EPISTREP study is a microbiological comparison of children with PBB and healthy controls using bronchoscopy (Chapter 3) and was intended to be this thesis’ main body of research. As recruitment was extremely problematic it became evident that the required number of participants would not be reached and it was then that the bioaerosol work was undertaken (Chapter 2). An initial proof of concept study was carried out with the intention that this could be extended to sample from expectorating adults with chronic obstructive pulmonary disease (COPD) before, during and after infective exacerbations with sputum samples produced concurrently for comparison. The preliminary study in healthy adults showed there were many changes that would need to be made if it was to be useful in clinical practice. The Bronchial Brushings study (Chapter 4) was then undertaken, using similar methodology to the EPISTREP study (Chapter 3) but with modifications in line with lessons learned from this previous study. 
The Bioaerosols study (Chapter 2) has been described first as its methodology stands alone; the other two studies analyse similar paediatric populations and are presented consecutively.

[bookmark: _Toc528352819]1.3 		Research publication
The work described in Chapter 4 of this thesis has been published (1) and was the subject of an oral presentation in the 2016 European Respiratory Society (ERS) congress (2).

[bookmark: _Toc390546000][bookmark: _Toc528352820]1.4		The impact of cough in children
Cough is the most common reason for presentation to Primary Care Trusts in the United Kingdom and is a source of great financial burden to the NHS. Acute cough in children accounts for an estimated £31.5 million per annum (3). Chronic cough is more difficult to quantify. The full extent of this problem is difficult to gauge as there is no uniform definition of ‘frequent cough’ in the literature and therefore incidence can vary. It has been estimated that up to 33.5% of children aged eight to eleven years (4) and 7.3% of children aged 11 to 15 years (5) report a recurrent cough. The duration required for a cough to be termed ‘chronic’ also varies in definition but as the cough relating to an acute respiratory tract infection is thought to resolve in one to three weeks, it is often described as a daily cough lasting greater than four weeks (6), and this definition is adopted in Sheffield Children’s Hospital (SCH).
In addition to the health economic cost, cough in the paediatric setting has a significant associated morbidity, impacting upon both the child and their parents. In a study of mothers’ beliefs when presenting to primary care with a coughing child, a frequent fear was that their child would die as a result of choking and that they would develop long-term chest damage. It was a commonly held opinion that antibiotics would help prevent these outcomes (7). 
In a cohort of Australian children with chronic cough referred to a tertiary respiratory centre, 80% reported five or more visits to a medical practitioner in the preceding year and 30.5% had previously seen clinicians from four or more medical specialties. Parents described feelings of helplessness, frustration and upset with burden scores, that measured anxiety, stress and depression, significantly reducing when their child’s cough resolved after intervention (8). For the clinician, the difficulty arises in distinguishing between patients with a cough warranting further investigation and treatment to produce resolution, from those for whom it indicates no significant underlying pathology. 

[bookmark: _Toc508003750][bookmark: _Toc508085588][bookmark: _Toc508086677][bookmark: _Toc390546001][bookmark: _Toc528352821]1.5		Physiology of coughing
Coughing involves an inspiratory phase followed by a forced expiratory effort against a closed glottis that then opens during rapid expiration. It is this final stage that causes the characteristic cough sound, produced by vibration in the larger airways (9).
A cough is a normal protective process that, in conjunction with ciliary activity, is designed to clear mucus or aspirated foreign material from the airways. Afferent fibres from cough receptors in the airways converge via the vagus nerve in the nucleus tractus solitarius in the brainstem. This connects to respiratory neurones in the central respiratory generator, also known as the cough centre, that in turn coordinate the efferent cough response. Cough can additionally be controlled by higher cortical centres enabling us to voluntarily inhibit or produce a cough (9). Adults with chronic cough have a hypersensitive cough response to inhaled stimuli, this may be due to an increased sensitivity of cough receptors (peripheral sensitisation) or from changes in central processing (central sensitisation).
[bookmark: _Toc508003751]
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Subjective cough frequency correlates poorly with objective cough counting, a difference most pronounced when analysing night-time cough (10). Children’s report of cough frequency seems to correlate better than their parents (11).
In children, it is important to distinguish between a normal and an abnormal cough as coughing itself is not unusual and may not indicate pathology. In preschool children, those most commonly affected by PBB, there are no studies defining the frequency of a normal cough in health. The increased incidence of upper respiratory tract infections in this age group makes healthy cough counting very difficult. 
In a cohort of healthy children aged eight to twelve years with no personal or family history of asthma who wore a 24 hour cough recording device, the mean cough frequency was 11.3 with a range of one to 34 cough episodes per 24 hours and a nocturnal cough was unusual or never occurred (12); in another, this was ten in a 24 hour period (11). The incidence of reported cough decreases with advancing age in children aged eight to 19 years and shows a positive correlation with parental smoking (4).
Cough quality is usually described as either ‘wet’ or ‘dry’, with a true wet cough indicating the presence of excessive airway mucus (13). Young children rarely expectorate sputum, especially if under the age of seven years; they tend to swallow their sputum meaning that it is only seen if the child subsequently vomits (14). In this age group, one often has to rely on the parent’s description of a wet cough to perhaps indicate excessive airway mucus. 
Good correlation has been shown between parents’ and clinicians’ assessment of a wet cough, which in turn was found to correlate with the presence of copious secretions in the airways at bronchoscopy. A dry cough did not always indicate the absence of secretions, but if present they were usually minimal or mild (15). A parental history of a wet cough was the most significant indicator that a chronic cough would be ultimately found to have a specific cause (positive predictive value of 74%), of which the most common diagnosis was persistent bacterial bronchitis (PBB) (16). 

[bookmark: _Toc508003752][bookmark: _Toc508085590][bookmark: _Toc508086679][bookmark: _Toc390546003][bookmark: _Toc528352823]1.7		Causes of chronic cough
In adults, the commonest causes of chronic cough include asthma, COPD, gastroeosophageal reflux (17) and postnasal drip (18, 19). The causes of chronic cough in children are numerous (14), but the investigation of chronic cough in children with bronchoscopy has identified infection as a major aetiological factor (13), up to 74.2% having positive BAL cultures (20).
In children with chronic respiratory symptoms, cough is not the only respiratory symptom that is associated with infection. In a study of preschoolers with severe persistent wheeze but no evidence of acute pulmonary infection, 48% had a BAL with both a positive bacterial culture and a neutrophilia (21). Despite the growing evidence of the role of infection in chronic cough (22), many still equate cough with a diagnosis of asthma. 50% of those referred to one tertiary centre were considered asthmatic, but following an algorithmic approach to diagnosis the commonest final diagnosis in 39.8% was PBB, with asthma accounting for only 3.7% (23). 
PBB is notable by its absence in many paediatric textbooks yet since 2006 there has been a great expansion in the number of studies in this area. It has featured in national and international cough guidelines (14, 24, 25), and in the British Thoracic Society/Scottish Intercollegiate Guidelines Network (26) asthma guidelines it is an alternative diagnosis in a wheezy child who has a wet cough (26).
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[bookmark: _Toc390546005][bookmark: _Toc528352825]1.8.1		Definition
Historically, PBB has been labelled as ‘chronic bronchitis of childhood’ (27) and ‘protracted bronchitis’ (28), nomenclature that reflected the clinical phenotype. More recently, terms have been used that describe the pathological process and the site of infection, namely persistent bacterial bronchitis and endobronchial infection (23). PBB is most commonly defined as a wet or moist cough for greater than four weeks that resolves with antibiotics in the absence of an alternative specific cause of cough (25). 

[bookmark: _Toc508003755][bookmark: _Toc508085593][bookmark: _Toc508086682][bookmark: _Toc390546006][bookmark: _Toc528352826]1.8.2		Clinical features
Children with PBB have a chronic wet cough and are typically of preschool age, although it can also be diagnosed in adolescence (29, 30). Boys are more commonly affected than girls (31). Children cough frequently, at times giving the impression that they are short of breath, particularly upon exercising. Although usually they do not look unwell, the morbidity resulting from disturbed sleep for both the child and their parents and the impact on their general well-being is often considerable (32). There is a high burden of primary care consultations, up to 87% visiting their General Practitioner (GP) more than five times a year with a cough related problem (33). 
Although the incidence of atopy is no higher in PBB than in the general population, diagnostic difficulty often initially arises in distinguishing PBB from asthma.  Wheeze in PBB can be reported but it is rarely found on auscultation and the resulting diagnosis of PBB and asthma is far less common (29, 31). Chest radiographs are often normal or show bronchial wall thickening, and airway malacia can be seen at bronchoscopy (34, 35). 

[bookmark: _Toc508003756][bookmark: _Toc508085594][bookmark: _Toc508086683][bookmark: _Toc390546007][bookmark: _Toc528352827]1.8.3		Pathophysiology
The pathogenesis of PBB is incompletely understood but one hypothesis suggests it develops similarly to bronchiectasis. High resolution computed tomography (HRCT) has demonstrated mild bronchiectasis in 75% of children with PBB (20), and patients may be at risk of developing bronchiectasis if PBB is not treated effectively (32, 36, 37). 
The most commonly proposed pathophysiological mechanism of bronchiectasis, and therefore possibly PBB as well, is the ‘vicious cycle theory’ (Figure 1). Here, the host defence is impaired by an insult such as a viral lower respiratory tract infection, providing a niche for bacteria to colonise the conducting airways. This induces inflammation that further damages the airways and leads to impaired mucociliary clearance and chronic bacterial infection with a persistent inflammatory response producing fibrotic changes (38).  
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[bookmark: _Toc402044356]Figure 1: The vicious cycle theory 
[bookmark: _Toc508003758]
In the absence of an infective trigger, altered anatomy with airway malacia, in particular bronchomalacia, has been shown by some to be a significant risk factor (33, 35, 39). 68% of one cohort with PBB had malacia seen at bronchoscopy although 53% of the ‘disease control’ group, children having bronchoscopies for indications such as stridor, also demonstrated malacic airways (33). The reporting and grading of malacia is subjective and no consensus can be gleaned from published data. It is hypothesised that malacia impairs mucous clearance in the lower airways, thus impairing host defence and causing damage via the mechanisms described in the vicious cycle. Conversely one could surmise that malacia may occur as a secondary effect, arising as a result of damage to the airways following repeated infections and inflammation although there is no agreement as to whether malacia has a primary of secondary influence.

[bookmark: _Toc390546008][bookmark: _Toc528352828]1.8.4		Infection
The pathogenic bacteria implicated in PBB are most commonly non-typable Haemophilus influenzae (H. influenzae) and Streptococcus pneumoniae (S. pneumoniae) with Moraxella catarrhalis (M. catarrhalis) being a less common pathogen (13, 20, 33, 35, 40). Positive bacterial culture rates of BAL in PBB range from 46% (13) to 100% (31). The presence of a wet cough is a good predictor of secretions at bronchoscopy and bacterial growth from BAL (13). However, sampling in paediatrics, particularly in younger children, is problematic and specimen collection may be limited due to the invasive techniques required and bacterial culture can be unreliable with limitations of detection (41) and subjective reporting. 
It is hypothesised that viruses play a role in PBB by providing an insult to the lower airways that allows PBB to become established. 38% of BALs in PBB were positive after viral polymerase chain reaction (PCR) testing. Adenovirus was the most commonly detected virus and was significantly associated with H. influenzae (31). It has been shown, however, that viruses are also detectable in BALs of healthy children and those with stable asthma who have no symptoms of viral infection. Multiple viruses including adenovirus were isolated, with asthmatic children being as likely as non-asthmatic children to have detectable virus. There was also an associated airway neutrophilia for all viruses except adenovirus, indicating an inflammatory response occurring in the absence of symptoms (42). In this study quantification of virus was not performed. It is possible that the damage thought to occur in PBB as a result of viral infection is a concentration dependent phenomenon.
[bookmark: _Toc508003759][bookmark: _Toc508085597][bookmark: _Toc508086686][bookmark: _Toc390546009][bookmark: _Toc528352829]1.8.5		Inflammation
By definition, patients with PBB have normal immune function with an activated innate immunity (40). The degree of airway inflammation can be measured by blood neutrophils and inflammatory mediators such as interleukin-8 (IL-8) and natural killer (NK) cells, and is markedly increased in those with PBB when compared to healthy controls and those with a self-limiting cough (40, 43, 44). Airway neutrophilia measured from BAL is high in PBB (33, 44, 45), is proportional to cough severity (46) and is particularly associated with bacterial-viral co-infection (43). It is hypothesised that if left untreated, PBB can lead to a greater airway neutrophilia that then contributes to airway destruction. This may cause progression to a proposed intermediary condition, chronic suppurative lung disease, that has the clinical symptoms of bronchiectasis without the HRCT changes, before perhaps developing frank bronchiectasis (20, 32). 
The development of bronchiectasis remains contentious and incompletely understood. 75% of a cohort of patients with chronic cough had abnormalities on HRCT, the degree of pathology correlating with the duration of the cough and the degree of neutrophilia in the BAL (20). However, in another small study of children, HRCT showed mild bronchiectasis in only 8.1% with a median age of 38 months. Increased neutrophil counts have not been associated with the development of bronchiectasis at a two year follow up yet H. influenzae is thought to be a risk factor (33).
It is commonly held opinion that bronchiectasis is irreversible with permanent HRCT findings, yet there are cases of resolution reported following prolonged antibiotic treatment (Figure 2) (47, 48). It is possible that the radiological description of bronchiectasis reflects a spectrum of disease, with some, for instance those with less severe disease, being corrected with treatment. This has been termed reversible bronchiectasis (49) and may be relevant to PBB, supporting the use of prolonged antibiotic therapy.
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[bookmark: _Toc402044357]Figure 2: HRCT scan of resolving bronchiectasis in the lower airways (a) bronchial wall thickening and dilatation, particularly in the lower lobes, and air trapping; (b) follow up HRCT scan at 8 months following intensive antibacterial treatment  (47)

[bookmark: _Toc508003760][bookmark: _Toc508085598][bookmark: _Toc508086687][bookmark: _Toc390546010][bookmark: _Toc528352830]1.8.6		Treatment
Penicillins, cephalosporins and macrolides are recommended for PBB treatment (14) with the aim of eradicating infection and preventing chronic damage. The treatment of wet cough with two weeks of amoxicillin/clavulanate demonstrated symptom improvement in 48% compared to 16% in the placebo group (50). However, in this study patients were included in the PBB group with three weeks of cough, a shorter duration than is commonly accepted, and there are no further randomised controlled trials to support this finding. A Cochrane review concluded that in patients with a cough of ten days or longer, the number needed to treat with antibiotics to achieve a clinical improvement was three to four (95% CI 2-27) (51), but this conclusion was limited by a small number of suitable studies and did not target those with symptoms exclusively adhering to the definition of PBB. The treatment duration of PBB remains contentious and variable, with the BTS recommending four weeks (26) and the American College of Chest Physicians suggesting two weeks (52).
Treatment is usually initiated following clinical assessment alone as obtaining confirmatory microbiological evidence is difficult. When acquired, cultures are often positive in PBB (26), but sampling is difficult and there is no universally accepted level at which treatment should be administered (43, 53). Additionally, positive microbiology may be variable according to the lobe sampled (54), perhaps reflecting the unreliability of conventional microbiological techniques. 
In traditional microbiology, differentiating between pathogens and colonisers is challenging. Many consider a concentration of 103 colony forming units (CFU)/ml a marker of lung infection (55-59) although the ERS advocates the use of 105 CFU/ml with a consideration of the clinical picture and potential upper airway contaminants (60). Over half the patients who yielded microorganisms in numbers 102/ml but <103/ml had negative repeated samples but a significant number did grow a greater concentration of the same pathogen when the test was repeated (61). Interpretation of borderline results is challenging and setting thresholds once antibiotic treatment has been established is problematic (55), highlighting the need to obtain samples quickly and accurately without delaying treatment.
[bookmark: _Toc508003761]The risk of recurrence in PBB is high, with almost 44% of those treated experiencing more than three episodes of coughing a year, sometimes termed recurrent PBB, an independent risk factor for radiological progression to bronchiectasis (33). A poor response to a four week course of antibiotics, longer than is commonly used in PBB, should alert physicians to consider other diagnoses and the possibility of bronchiectasis (62).

[bookmark: _Toc508085599][bookmark: _Toc508086688][bookmark: _Toc390546011][bookmark: _Toc528352831]1.9		Upper and lower airway microorganisms
The nasopharynx has been well studied in adults and children alike as sampling is quick and easy. It has been shown to be colonised with microorganisms at birth (63), and in early infancy (64), most commonly H. influenzae, S. pneumoniae and M. catarrhalis, with this flora constantly changing, being acquired and eliminated many times during life. Factors influencing its composition include other siblings, nursery attendance (65), antibiotic therapy (66), parental smoking, recurrent otitis media (67) and immunisation (68). GORD may relocate bacteria from the gastrointestinal tract into the airways (69) and there is also a discernible difference at six weeks when comparing infants who have been breast and bottle fed (70). 
Socioeconomic conditions appear to affect this flora. Australian indigenous infants rapidly acquire potentially pathogenic bacteria in their nasopharynx, almost all becoming colonised with M. catarrhalis and/or S. pneumoniae and H. influenzae within the first month of life. In non-indigenous infants this takes over six months, perhaps reflecting cross infection resulting from overcrowding, poor hygiene and high rates of bacterial carriage in these children. In this group, rapid colonisation is associated with more frequent and persistent otitis media (71).
In most cases, bacterial carriage in the nasopharynx does not induce clinical symptoms, yet when the condition of the host is altered, microorganisms may invade into adjacent sites or into the bloodstream enabling more distant infection. Colonisation may lead to spread between individuals by the transfer of pathogens into secretions (72), an effect particularly marked in those living in crowded conditions. A study of infants with cystic fibrosis found that you could not reliably predict bacteria in the lower airways using oropharyngeal cultures (73) yet there was good bacterial concordance between the upper and lower airways of Australian indigenous children with bronchiectasis (74). 

[bookmark: _Toc508003762][bookmark: _Toc508085600][bookmark: _Toc508086689][bookmark: _Toc390546012][bookmark: _Toc528352832]1.10		The analysis of lower airway microorganisms
[bookmark: _Toc508003763][bookmark: _Toc508085601][bookmark: _Toc508086690][bookmark: _Toc390546013][bookmark: _Toc528352833]1.10.1		Cough swabs
Cough swabs can be used as an alternative to sputum in those who do not expectorate but who can follow sampling instructions. This may be possible in some preschool children. Samples are collected by them coughing on a swab placed in the patient’s mouth, near too but not touching the posterior pharynx. When compared to the bacterial culture from sputum, cough swabs have a 100% positive and a 23% negative predictive value (75). 

[bookmark: _Toc508003764][bookmark: _Toc508085602][bookmark: _Toc508086691][bookmark: _Toc390546014][bookmark: _Toc528352834]1.10.2		Nasopharyngeal and oropharyngeal swabs
The upper airways, in particular the throat, have a microbiome similar, but not identical, to that in the lower airways (76, 77). A combination of nasopharyngeal and oropharyngeal swabs provides a limited representation of the lower airways’ microbiome that is superior to the use of either swab in isolation. The analysis of the two in combination had a greater than 50% concordance with BAL in 69% of children (76). 

[bookmark: _Toc508003765][bookmark: _Toc508085603][bookmark: _Toc508086692][bookmark: _Toc390546015][bookmark: _Toc528352835]1.10.3		Sputum
Despite the wealth of evidence associating infection with chronic cough in children, studies are limited by difficulties in obtaining good quality samples in a non-invasive manner that is acceptable to children. Sputum is rarely expectorated in those less than seven years old but from infancy it can be induced safely, by the inhalation of hypertonic saline. Although technically possible, induced sputum is not a rapid test and requires cooperation. Reported success in inducing sputum in younger age groups varies in the literature with some having significant difficulties (78) whilst others can obtain samples from over 95% of children with a median age of 33 months (79).  It is the experience of the research group that success is related to experience in this technique.
Sputum culture may be contaminated by colonising bacteria from the nasopharynx that would make treatment decisions difficult. Despite this, important bacteria such as Pseudomonas aeruginosa (P. aeruginosa) can be isolated from sputum in children with cystic fibrosis, correlating with BAL samples in 85% (80).

[bookmark: _Toc390546016][bookmark: _Toc528352836][bookmark: _Toc508003766][bookmark: _Toc508085604][bookmark: _Toc508086693]1.10.4		Bioaerosols
The analysis of the contents of the distal airways by means of bioaerosols either produced during normal breathing, coughing or sneezing has become increasingly studied in animals (81) and humans (82-86). It has long been understood that biological aerosols, so-called bioaerosols, can contain pathogens, with Smallpox being isolated from patients as well as their environment in 1965 (87). Bioaerosols are known to have a significant impact on the spread of infectious diseases, with P. aeruginosa persisting in the environment for up to 35 minutes after production (88). By understanding bioaerosols it is possible to exploit them diagnostically or try to eliminate them and therefore impact upon their spread.
The exact mechanism by which bioaerosols are formed remains imprecisely understood. One theory is that their production relies upon a critical airspeed to initiate a wave and therefore create surface disturbance within the lungs that can shear off particles from the airways’ lining fluid. This airspeed is dependent on many factors within the mucosal layer and is therefore variable but probably not possible during quiet breathing when airspeeds are lower. The more favoured hypothesis is that the breakup of fluid films creates bioaerosols when closed terminal airways reopen (89).
During a forceful adult cough, airspeeds of up to 200m/s can be attained (90) and exhaled particle numbers increase when tidal volumes rise (91). Particle numbers are also greatly dependent on the type of person producing them; there are low producers (less than 500 droplets/litre in a six hour period) or super producers (greater than 500 droplets/litre in six hours) (91). 
Cough Aerosol Sampling Systems (CASS) have been used to capture bioaerosols with variable success. Of 26 patients chronically infected with P. aeruginosa, 89% had evidence of this when using the CASS. Of the seven patients who could not cough, three had positive CASS aerosol cultures obtained during tidal breathing, although P. aeruginosa was only cultured in low numbers (86). In a cohort of adults with smear positive tuberculosis, 25% generated cough aerosols positive for Mycobacterium tuberculosis; this low sensitivity could be explained by the commencement of treatment in the majority of subjects with a significant decrease in positive cultures being observed within the first three weeks of effective treatment (84). Bioaerosols containing viruses can also be detected, with influenza A and B being detected by polymerase chain reaction (PCR), although less commonly than with a rapid antigen test (83). Bioaerosols containing coxsackie (82), rhinovirus and parainfluenza virus have also been isolated (85).  
It is possible that the advent of CASS systems could herald the end of the traditional methods of diagnosis based on sputum culture. They may provide an easier way to deliver microbiological results in children, ultimately allowing earlier treatment choices. 

[bookmark: _Toc390546017][bookmark: _Toc528352837]1.10.5		Bronchoalveolar lavage
BAL is considered the gold standard for lower airway sampling. Under direct visualisation, a targeted specimen can be taken and sent for microbiological analysis and cellular profiling; any associated pathology can be appreciated at the time of sampling, providing information regarding the aetiology of disease. Clinicians usually aim for bronchoscopic sampling after an antibiotic-free period of four week to optimise the microbiological analysis of samples accepting that this is not always possible. The limitations of standard microbiological techniques affect BAL analysis (41), whilst within an individual, single site sampling might also affect results. The sampling of a single lobe missed 17 different organisms in 15 of 50 patients, eight of whom would have had a negative culture if a single site was reported (54).
Although bronchoscopy is a valuable tool, it is expensive and requires a trained operator, a general anaesthetic and specialist equipment that can create logistical delays to testing; the window of opportunity prior to initiating antibiotics may be lost. BAL has a well-established good safety profile although is not without some risk. In a multi-centre analysis of paediatric bronchoscopies half of the 51 centres reported side effects in 5% of procedures; these included bleeding, bronchospasm, laryngospasm and reactions to medications (92). Post procedural cough has been reported in 0.5% and pyrexia was reported after bronchoscopy in 18.8% of children (93).
Accessing the lower airways remains a barrier to practice and to research, as it necessitates careful invasive techniques in order to retrieve good quality samples. BAL analysis in disease is widely reported yet the microbiological study of children with completely normal respiratory health has not been undertaken. Cellular BAL (94) and viral PCR (42) analysis has been carried out in healthy children but no bacterial BAL studies in a paediatric cohort who have had acute and chronic respiratory disease excluded have been conducted. Control groups in paediatric bronchoscopy studies of bacterial growth use children undergoing bronchoscopy for conditions other than chronic cough as their healthy comparison group (44, 95, 96) but by the nature of their need for a bronchoscopy, they do not constitute a truly healthy respiratory cohort. 

[bookmark: _Toc390546018][bookmark: _Toc528352838]1.10.6		Bronchial brushings
In 1979, Wimberley et al described a new technique using a bronchoscope to introduce a protected brush catheter into the lower airways for sample collection (97). The catheter telescoped out of its sheath when in the lower airways thereby avoiding proximal contamination. This can be used as an alternative to BAL although a bronchoscope is still needed to gain access to the lower airways. 
The bronchial brush technique was developed further, enabling the brush to be introduced without bronchoscopic aid, the so-called blind brushing technique. In children, the yield of epithelial cells for culture using this method was excellent. This finding was also confirmed when the diagnostic value of blind and non-blind brushings and BALs in adult patients with clinically suspected ventilator associated pneumonias were compared. There was no difference in the bacterial yield of the three techniques with a concordance of 84% between the blind brushings and the BAL samples suggesting that targeted sampling is not imperative (59). Similar results have been found in other studies (56, 98, 99) with some demonstrating better agreement with right-sided infections than those that are bilateral or on the left (56, 57).
Much interest has been focused on interpretation of bronchial brushings in patients taking antibiotics. Although bronchial brushings make sampling technically and logistically easier, an antibiotic-free environment may not always be achieved as within 12 hours of initiating antibiotics there is often a rapid and significant decrease in the concentration of organisms isolated. This reflects the number of positive samples collected after antibiotics have been started. H. influenzae and S. pneumoniae undergo the most rapid fall whilst Staphylococcus aureus (S. aureus) and P. aeruginosa demonstrate slower declines with significant concentrations still present at 48-72 hours (55). 
The bronchial brushing technique has a good safety profile. Many studies record no significant problems (59), with the most commonly encountered adverse event in McNamara’s paediatric cohort being a mild self-limiting cough lasting less than an hour in 10% of those undergoing either a blind or a non-blind brushing (100). The evaluation of blood cultures following brushings found a very low incidence of bacteraemia, with the small number yielding organisms seemingly unrelated to the procedure (101). Although bronchial brushings also require a general anaesthetic in children, the technique has been used in sedated adults by passing the catheter via the nose. In one study, all patients coughed when the catheter entered the trachea with two cases of bronchospasm resolving with intervention within 30 minutes (98).

[bookmark: _Toc390546019][bookmark: _Toc528352839]1.11		The microbiome and 16S rRNA analysis
The use of molecular techniques that are more sensitive than conventional culture methods has helped dispel the myth that the lower respiratory tract is sterile with a mean of 2000 bacterial genomes per cm2 being isolated from the lungs (95). Further evidence confirms that the flora of the lower airways is the result of an interplay between the upper airways, from which a similar but less diverse microbiota has been described (77, 102, 103), the gut, as a result of likely microaspiration of flora (69, 103), and environmental factors such as daycare attendance and siblings (104). Quantitative polymerase chain reaction (qPCR) and subsequent deoxyribonucleic acid (105) sequencing of the 16S ribosomal ribonucleic acid (rRNA) gene, a small and highly conserved locus within the bacterial genome, has enabled the identification of bacterial species, thereby delineating the components of the lungs’ complex microbial community. 
The distribution of microbial flora is similar between adults and children. Proteobacteria, of which Haemophilus, Moraxella and Neisseria are members, are most associated with asthma in children and asthma and COPD in adults (Figure 3). In health, both groups have a predominance of Prevotella species, bacteria that are traditionally more challenging to culture (95). 
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[bookmark: _Toc402044358]Figure 3: The distribution of the common bacterial phyla from BAL using 16S rRNA sequence analysis in children with difficult asthma and controls. Reproduced with the authors’ permission (95).	Comment by Ian Craven: If this is lifted from the paper you may need to quote – reproduced with permission as I am not sure you can copyright into your own piece of work. Check – it has only taken a couple of days for the author to get back to us when we have done it in the past

Similar core microbiota have been noted within paediatric respiratory diseases such as PBB, bronchiectasis and cystic fibrosis although small numbers have been analysed (106). It appears that in general, the inflamed lung is characterised by a less diverse microbial community (107). The microbiome from adults with COPD and asthma is less diverse than that of healthy controls (95). A comparable bacterial burden and extensive overlap in genus is seen among controls, and smokers without evidence of lung disease. Those with the most severe airways obstruction exhibit markedly decreased microbial diversity (108). 
The microbiome of patients with cystic fibrosis demonstrates an overall decrease in community diversity with increasing age and disease severity. This loss of diversity is more strongly associated with cumulative antibiotic exposure than disease severity (109) and is accompanied by the emergence of potentially pathogenic dominant bacterial species (110-112)  A limitation of this observation is the low numbers of children studied as well as an absence of data from purely healthy children with no respiratory co-morbidity. 
With an increasing sensitivity for detection comes an increasing propensity for contamination. In accessing the lower airways the obvious anatomical source of such error would be the upper airways. Explanted lungs clearly demonstrate their own microbiome (107, 108) showing a similar but not as diverse community as the upper airways (113).  Technical consideration must be given to bronchoscope contamination by the upper airways, likely but theoretically reduced when introduced into the lungs via an endotracheal tube (ET) rather than a laryngeal mask. Other potential sources of contamination include the bronchoscope channel and laboratory reagent contamination, both of which must be controlled for during analysis (114).  

[bookmark: _Toc390546020][bookmark: _Toc528352840]1.12		Conclusion
Our understanding of the human airways is evolving with advancing medical techniques. The molecular analysis of microorganisms has increased our ability to understand microbial colonies and how they might interact with each other. Concurrently, there is a challenge to the acceptance that chronic cough in some children is normal, with evidence now suggesting that a significant proportion of have infection mediated pathology and could therefore improve with treatment. Children pose investigational challenges as what is feasible and acceptable in adults is not always appropriate in paediatrics. Sputum sampling is difficult in younger children so alternative methods are sought to secure microbiological evidence of infection in the airways, free from contamination by the upper airways. As bronchoscopy is invasive and requires specialist equipment, other techniques are emerging to help with treatment decisions, providing samples in a safe and timely fashion and enabling reliable analysis of the whole microbiome in differing disease states.
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Chapter Two
[bookmark: _Toc528352842][bookmark: _Toc390546021]Assessment of exhaled bioaerosols by non-invasive sampling of the lower airways (Bioaerosols study)

[bookmark: _Toc386969192][bookmark: _Toc390546022][bookmark: _Toc528352843]2.1		Study rationale
Children under the age of seven usually do not expectorate sputum making the microbiological assessment of the lower airways challenging. Whilst BAL is the gold standard test for sampling the lower airways (60), this requires a general anaesthetic, specialist equipment and is time consuming. 
Cough swabs are frequently taken in paediatric cystic fibrosis departments although the yield in children with no cough or a dry cough is low (115). Cough plates, produced by asking a child to cough directly onto a culture medium, are also available for analysis in the absence of sputum but repeated samples might be required, and they have been shown to be less sensitive then cough swabs (116, 117).
Aerosol sampling systems that are portable and easy to use would provide another avenue through which the lower airways could be sampled. Traditionally, non-invasive testing requires patients to cough, although significant numbers of bioaerosols are formed during tidal breathing (90, 118). Aerosol sampling systems do not have to rely on coughing. They can be used for the microbiological analysis of bacteria (84, 86) and viruses (83, 85) that have formed bioaerosols during both coughing and tidal breathing.
Although aerosol sampling systems do require some cooperation and are therefore unsuitable for use in the very young, they are simple to use and would be possible in many cooperative children. Devices that rely only on the participant breathing normally might be more appealing to children who do not expectorate or who will not cough, enabling microbiological sampling in those for whom samples may not be otherwise possible.
Two aerosol sampling systems were tested in this study. 
1. A handheld exhalation filter device designed by the study team. This was light, portable and contained a bacterial capture filter that was easy to remove and send for testing. 
2. M Air T Tester. This was an air sampling machine adapted to enable participants to breathe through it. Whilst more expensive, this contained an airflow directing exhaled breath onto an agar plate. This had been previously used in a study of Rhodococcus equi, a bacteria causing bronchopneumonia in foals (81).

The study of these two devices was a proof of concept analysis to determine if bacterial detection was possible, although a larger comparison with sputum would be ultimately needed to determine their efficacy. 

[bookmark: _Toc386969193][bookmark: _Toc390546023][bookmark: _Toc528352844]2.2		Preliminary laboratory testing
[bookmark: _Toc386969194][bookmark: _Toc390546024][bookmark: _Toc528352845]2.2.1		Exhalation filter device
A bespoke exhalation filter device was designed by the study team and manufactured by The Filter Design Company, Haydock, UK (Figure 4). It consisted of two metal plates that screwed together, encasing an 85mm filter disc to capture bacteria. A standard spirometry mouthpiece fitted to the proximal end and an air filter attached distally. 

[image: Chapter 2 Fig 1]
[bookmark: _Toc402044359]Figure 4: (a) Exhalation filter device (b) Exhalation filter device with a filter disc in situ

Two filter media, H10A and H10N, were designed for use in this device, and were quoted by the manufacturer to have a 98% efficiency of capture at a 0.3μm particle size, giving a greater than 99% bacterial and viral capture rate. The filter discs were designed to fit between the two plates and to allow breathing to occur across their surface. H10A and H10N were made from different materials. H10A was more porous whilst H10N had a smoother surface.
After use the filter disc was removed and placed onto a chocolate agar plate. Chocolate agar was the chosen medium as it would facilitate culture of the respiratory pathogens of interest, namely H. influenzae, S. pneumoniae and M. catarrhalis.
HI0A and H10N were tested to determine which was more effective at capturing bacteria and therefore the preferred filter medium for use within the exhalation device. 
Nontypeable H. influenzae was suspended in 2ml of phosphate buffered saline (PBS). 20l of PBS was put onto a slide and using a grid, colonies were counted. 2.09 x109 CFU/ml were calculated in the neat broth.

Serial dilutions were made as follows:
· 1ml PBS + 100l broth (1:10)
· 1ml PBS + 10l broth (1:100)
· 1ml PBS + 1l broth (1:1000)

100l of broth of each dilution was spread onto the following surfaces:
· Plate 1: Directly onto chocolate agar (no filter medium)
· Plate 2: HI0A
· Plate 3: H10N

Broth was spread onto filter media and they were immediately put, bacterial side down, onto a chocolate agar plate for 40 minutes. When they were removed, all plates were transferred into a 5% carbon dioxide incubator for 24 hours. 
After incubation, plates were analysed (Figure 5). 
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[bookmark: _Toc402044360]Figure 5: Photographs of plates following incubation (a) Comparison of H10A and H10N at 1:10 dilution (b) Comparison of H10A and H10N at 1:100 dilution (c) Comparison of H10A and H10N at 1:1000 dilution. Plate 1: Control (top); Plate 2: H10A (bottom left); Plate 3: H10N (bottom right).
 	
			
· Plate 1:  At all dilutions there was confluent growth across the plate.
· Plate 2:  A macroscopic decrease in colony number compared to plate 1.
· Plate 3: A macroscopic decrease in colony number compared to plate 2, estimated at about a third of the total growth.

There were too many colonies to accurately count on all plates, even at the 1:1000 dilution. H10N was ineffective at absorbing the broth, with some of each sample sliding off its surface. As bacterial transfer from the filter to the plate was also seen to be better using H10A, H10N was excluded from further analysis.
Dilutions were increased to mimic bacterial concentrations more likely to represent clinical samples (1x102 to 1x105 CFU/ml) and to enable more accurate colony counting. Colony counting was done manually but at known bacterial concentrations on control plates without filters this was difficult and inaccurate so spectrophotometry, measuring optical density, was used for quantification.
In clinical practice, samples would not be taken from patients in the laboratory so consideration needed to be given to practical points such as the time for the filter to be in contact with the agar plate and the impact this would have on colony recovery. Experiments were done varying the contact time of the filter paper and the agar plate. Using the method described above, filter discs were left on the agar plate for 40 minutes and then removed, or were left on top of the agar plate, all being transferred to the 5% carbon dioxide incubator overnight. Filters left on the plate overnight caused streaking of colonies on the plate making them impossible to quantify. Plates that had the filter discs in contact with them for 40 minutes and then removed were also very difficult to quantify both manually and using optical density, and an accurate transfer percentage of bacteria between the filter and the plates could not be calculated. 
Given the problems in quantifying bacterial growth from the exhalation filter at this stage, the device and filters were not tested further.

[bookmark: _Toc386969195][bookmark: _Toc390546025][bookmark: _Toc528352846]2.2.2		M Air T Tester
This is a portable air monitoring system manufactured by Merck Millipore (Burlington, Massachusetts, USA) to detect airborne microorganisms in settings such as theatres and aseptic pharmaceutical areas (Figure 6). It has been used to detect airborne bacteria in the exhaled breath of healthy foals and those with suspected pneumonia (81).
[image: Chapter 2 Fig 6]













[bookmark: _Toc402044361]Figure 6: M Air T Tester with the metal hood adaptation


It consists of an airflow inlet, drawing air into the device and directing it onto an agar cassette via a stainless steel sieve with 1000 microperforations to encourage colony spacing. A metal hood was designed to attach onto the top of the agar cassette, allowing it to function as a patient aerosol sampling system. Instead of drawing air in from the environment, the hood was fitted with both a standard disposable spirometry mouthpiece and an air filter so that patients could inhale and exhale through the mouthpiece, allowing their breath to be analysed. Both the sieve and the hood could be cleaned with disinfectant or put into an autoclave. The agar cassette in the device did not have standard Petri dish dimensions and therefore agar had to be poured into custom-made Merck Millipore cassettes to fit the equipment.

[bookmark: _Toc386969196][bookmark: _Toc390546026][bookmark: _Toc528352847]2.2.2.1  	Chocolate agar plates
The M Air T Tester cassettes held 20ml of medium. To prepare the chocolate agar, 7.8g of Columbia agar was added to 200ml of distilled water. It was heated to boiling to dissolve completely and sterilised in an autoclave at 121C for 15 minutes. It was then cooled in a water bath to 55C and 15ml of oxalated horse blood was added. 20ml of chocolate agar was measured into each Merck Millipore cassette and left to cool.

[bookmark: _Toc386969197][bookmark: _Toc390546027][bookmark: _Toc528352848]2.2.2.2  	M Air T Tester feasibility study
The M Air T Tester was fitted with the metal hood and a spirometry mouthpiece attached to one end and an air filter to the other. Two healthy controls (control 1 and control 2) with no chronic respiratory disease, acute respiratory symptoms or antibiotic use in the preceding four weeks, breathed for two minutes through the mouthpiece with the air flow set at 6 litres/min. The chocolate agar plate was removed and the metal hood and sieve were cleaned with a 70% isopropanol wipe. Each patient was then asked to cough ten times through the mouthpiece onto another agar plate and the equipment was cleaned again. All plates were placed in the 5% carbon dioxide incubator overnight.
The controls reported that the equipment was comfortable to use. 
After incubation, colonies were counted, Gram stained and identification was attempted (Figure 7; Table 1).
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[bookmark: _Toc402044362]Figure 7: Controls 1 and 2 after tidal breathing and coughing through the M Air T Tester (a) Control 1: tidal breathing for two minutes  (b) Control 1: ten coughs (c) Control 2: tidal breathing for two minutes (d) Control 2: ten coughs

	
	Breathing manoeuvres
	Number of bacterial colonies

	Control 1
	Tidal breathing
	4

	
	10 coughs
	49

	Control 2
	Tidal breathing
	15

	
	10 coughs
	23



[bookmark: _Toc516472121][bookmark: _Toc390551147][bookmark: _Toc390551287][bookmark: _Toc390551323][bookmark: _Toc528353041][bookmark: _Toc528353053]Table 1: Number of colonies from controls 1 and 2 following tidal breathing and coughing through the M Air T Tester



Gram staining was carried out in the following way.
· A drop of distilled water was put onto a slide with a sterile loop.
· A small colony was picked up with a sterilised loop and gently stirred into the water to make an emulsion. 
· The slide was heat fixed by passing it through the flame of a Bunsen burner three times. 
· The slide was flooded with crystal violet, left to stand for one minute and rinsed with tap water.
· The slide was flooded with Gram’s iodine and left to stand for one minute.
· Iodine-acetone was added and left to stand for 30 seconds. 
· The slide was rinsed with tap water, flooded with carbol-fuschin, left to stand for one minute and rinsed with tap water again.

Following Gram staining and analysis through a microscope, the large white colonies were identified as Gram positive Staphylococci and the small brown colonies, most numerous on plate (b) were Gram positive Streptococci. 
The M Air T Tester was then used in a further, larger proof of concept study as this was the favoured exhalation device.

[bookmark: _Toc386969198][bookmark: _Toc390546028][bookmark: _Toc528352849]2.3		Hypothesis
Bioaerosols from the lower airways produced during breathing and coughing, can be captured using an aerosol sampling device, the M Air T Tester, and identified by bacterial culture.

[bookmark: _Toc386969199][bookmark: _Toc390546029][bookmark: _Toc528352850]2.4		Aim
To non-invasively sample bacteria from the lower airways using the adapted M Air T Tester in healthy controls as a proof of concept study.
[bookmark: _Toc386969200][bookmark: _Toc390546030][bookmark: _Toc528352851]2.5 		Objectives
[bookmark: _Toc386969201][bookmark: _Toc390546031][bookmark: _Toc528352852]2.5.1		Primary objective 
To capture and identify bioaerosols from the lower airways in healthy patients.

[bookmark: _Toc386969202][bookmark: _Toc390546032][bookmark: _Toc528352853]2.5.2		Secondary objective
To compare the number of colonies produced during tidal breathing and coughing. 

[bookmark: _Toc386969203][bookmark: _Toc390546033][bookmark: _Toc528352854]2.6		Methods
[bookmark: _Toc386969204][bookmark: _Toc390546034][bookmark: _Toc528352855]2.6.1		Conduct of the study and funding
The study protocol was approved by the Yorkshire and Humber Research Ethics Committee in Sheffield (12/YH/0085) with a subsequent substantial amendment. It did not require Medicines and Healthcare Products Regulatory Agency (MHRA) approval for the use of a new device as there was no intention to commercialise the equipment. 
This study was funded by The Children’s Hospital Charity in SCH and was conducted in accordance with the International Conference for Harmonisation of Good Clinical Practice and the guiding principles of the Declaration of Helsinki and the Research Governance Framework for Health and Social Care (2nd Edition)(119).

[bookmark: _Toc386969205][bookmark: _Toc390546035][bookmark: _Toc528352856]2.6.2		Study design
This was a proof of concept study performed in SCH using healthy adults to evaluate the use of an aerosol sampling system, the M Air T Tester, in detecting bacteria from the lower airways.

[bookmark: _Toc386969206][bookmark: _Toc390546036][bookmark: _Toc528352857]2.6.3		Study cohort
The aim was to recruit 18 healthy patients (20 in total including the two controls analysed in the feasibility study). 
The inclusion criteria were:
· Children or adults 12 years or older at the time of enrolment.
· Subjects who the investigator believes will comply with the requirements of the study (being able to breathe continuously for two minutes and then cough ten times into the M Air T Tester).
· Never had any chronic respiratory symptoms (defined as greater than six weeks) including cough, wheeze or shortness of breath.
· No diagnosis or suspected diagnosis of any respiratory conditions.
· No antibiotic therapy within the preceding four weeks.
· No evidence of an URTI within the preceding four weeks.
· Never had any chronic (greater than six weeks) ear nose and throat (ENT) problems.

The exclusion criteria were:
· Concurrently participating in another study at any time during the study period in which the subject has been or will be exposed to an investigational or a non-investigational product (pharmaceutical product or device). 
· Use of any investigational or non-registered product (drug or vaccine) within 30 days prior to study procedures, or planned use during the study period.
· Any confirmed or suspected immunosuppressive or immunodeficient condition, based on medical history (no laboratory testing required).
· Non-English speakers as there was no provision for translation.

[bookmark: _Toc386969207][bookmark: _Toc390546037][bookmark: _Toc528352858]2.6.4		Recruitment
Posters were displayed in SCH and emails were sent to research staff inviting them to take part in the study and asking them to contact the study team if they were interested in participating. A patient information leaflet was attached to recruitment emails. Informed consent and participation in the study was a minimum of 24 hours after the initial contact. 

[bookmark: _Toc386969208][bookmark: _Toc390546038][bookmark: _Toc528352859]2.6.5		Informed consent
If the eligibility criteria were met, informed consent was obtained using the agreed consent form. It was discussed that no adverse events were anticipated during the study.
Parents or legally acceptable representatives (120) were asked to sign forms for children 15 years and younger and if 16 years or older individuals could sign their own consent forms. Children too young to sign consent forms were asked if they would like to complete an assent form.
All participants could withdraw from the study at any point following consent. 

[bookmark: _Toc386969209][bookmark: _Toc390546039][bookmark: _Toc528352860]2.6.6		Study numbers and data collection
Each participant was assigned a unique number. Details of their involvement in the study and all samples were anonymised using this number. Study information was recorded in their electronic clinical record (eCRF) and identifiable details were stored in an encrypted electronic file on a University of Sheffield computer that could only be accessed by members of the research team.

[bookmark: _Toc386969210][bookmark: _Toc390546040][bookmark: _Toc528352861]2.6.7		Adverse events and serious adverse events
Although there were no anticipated adverse events (121) or serious adverse events (SAEs), participants were instructed to contact the investigator immediately if they manifested any signs or symptoms they perceived as being directly related to taking part in this study. Contact details for the study team were provided on a study card.

[bookmark: _Toc386969211][bookmark: _Toc390546041][bookmark: _Toc528352862]2.6.8		Subject completion and withdrawal
Subjects had competed the study if they had performed two minutes of tidal breathing and ten coughs into the M Air T Tester. 
A subject was considered a ‘withdrawal’ from the study if both the breathing and the coughing assessments had not been fully completed. Information relative to the withdrawal would be documented and all the data collected up to the withdrawal would be analysed. Patients who had withdrawn would be replaced to reach the target of 20 patients.

[bookmark: _Toc386969212][bookmark: _Toc390546042][bookmark: _Toc528352863]2.6.9		Data handling and record keeping
All information was the responsibility of the investigator and was collected and retained in accordance with the Data Protection Act 1993.
Study documents (paper and electronic) were retained in a secure location during and after the study finished. All source documents will be retained for a period of five years following the end of the study. Where study related information is documented in the medical records those records were identified by a ‘Do not destroy before dd/mm/yyyy” label with the date being five years after the last patient visit.

[bookmark: _Toc528352864]2.6.10	Monitoring and access to source data
The sponsor permitted monitoring and audits by the relevant authorities, including the Research Ethics Committee and the MHRA. The investigator allowed monitoring and audits by these bodies and the sponsor, and provided direct access to the source data and documents if required.

[bookmark: _Toc528352865]2.6.11	Finance and indemnity
This was an NHS sponsored study and participants did not receive payment. 
If there was negligent harm during the study when the NHS body owes a duty of care to the person harmed, NHS Indemnity would cover NHS staff, medical academic staff with honorary contracts and those conducting the study.  NHS Indemnity would not offer no-fault compensation and was unable to agree in advance to pay compensation for non-negligent harm.  Ex-gratia payments were to be considered in the case of a claim.

2.6.12 	M Air T Tester procedures
A chocolate agar cassette (section 2.2.2.1) was inserted into the M Air T Tester, the sterile hood attached and it was set to 6 litres/min. Patients were asked to create a seal around the mouthpiece and to breathe normally through their mouths for two minutes. After this the agar cassette was removed and the sieve and hood were wiped thoroughly with a 70% isopropanol wipe and air-dried. A new cassette was inserted, the metal hood put back onto the machine and subjects were asked to cough ten times through the mouthpiece. The agar plate was removed and both plates were put into a 5% carbon dioxide incubator overnight. 
Colony counting, Gram staining (section 2.2.2.2) and colony identification by microscope were attempted.

[bookmark: _Toc386969213][bookmark: _Toc390546043][bookmark: _Toc528352866]2.7		Results
[bookmark: _Toc386969214][bookmark: _Toc390546044][bookmark: _Toc528352867]2.7.1		Study participation
From May to July 2014, 18 adults (aged 18 years and over) were recruited in SCH. No children were recruited as no one under the age of 18 years expressed an interest to take part. All those participating completed the study.

[bookmark: _Toc390546045][bookmark: _Toc528352868]2.7.2		Tidal breathing and cough plates
Colonies were counted and identified on the breathing and cough plates (Table 2).



	
Participant
	Tidal breathing
	Cough

	
	Number of colonies (Staphylococcus/Streptococcus)
	Number of colonies (Staphylococcus/Streptococcus)

	1
	7 (7/0)
	18 (18/0)

	2
	3 (3/0)
	15 (15/0)

	3
	0 
	0

	4
	0
	0

	5
	9 (9/0)
	2 (2/0)

	6
	0
	0

	7
	4 (4/0)
	0

	8
	0
	0

	9
	5 (1/4)
	1 (1/0)

	10
	2 (2/0)
	0

	11
	4 (4/0)
	0

	12
	1 (1/0)
	0

	13
	1 (1/0)
	0

	14
	2 (2/0)
	0

	15
	0
	0

	16
	3 (3/0)
	0

	17
	1 (1/0)
	0

	18
	2 (2/0)
	0

	Control 1 
(Feasibility study)
	
4 (4/0)
	
49 (7/42)

	Control 2 
(Feasibility study)
	
15 (15/0)
	
23 (23/0)

	

	Median colonies 
(range)
	2
(0-15)
	
0
(0-49)

	Unidentified bacterial colonies
	
0
	
0




[bookmark: _Toc516472122]

























[bookmark: _Toc390551148][bookmark: _Toc390551288][bookmark: _Toc390551324]








[bookmark: _Toc528353042][bookmark: _Toc528353054]Table 2: Bacteria captured on the tidal breathing and cough plates

There was no significant difference between the number of colonies found on the tidal breathing and cough plates (p=0.4403). Staphylococcus was identified in 15/20 (75%) and Streptococcus in 2/20 (10%) of the patients. No other bacterial colonies were observed. No bacteria were cultured from either plate in 5/20 (25%) of the healthy controls.

[bookmark: _Toc386969216][bookmark: _Toc390546046][bookmark: _Toc528352869]2.8		Discussion
The exhalation filter device was light, easy to clean between patients and was relatively inexpensive, costing £250 to manufacture and only needing a new filter disc (costing £0.65) per test. It proved challenging, however, as colonies were difficult to count and there was an appreciable drop in bacterial number associated with its use. This could have been due to the absorbance of the paper. After laboratory testing it appeared that using the medium to transfer bacteria for culture decreased the ability to detect colonies. At the lower bacterial concentrations found in clinical practice this would probably negate its suitability and so the exhalation filter device was not tested further. 
The M Air T Tester was expensive, costing £2900, but once purchased the cost would only be an agar plate per test.  Unfortunately standard plates would not fit this machine and they would have to be poured using empty cassettes or bought prefilled, both purchased from Merck Millipore. An empty cassette cost £1.44 each. This is clearly a big economic commitment and compared to a cough swab that requires only a charcoal swab costing about 17p, the benefit would have to be significant to support its use.  
In contrast to the exhalation filter, the M Air T Tester was less portable but it was just as comfortable to use and easy to clean. The manufacturer claimed that its airflow and sieve directed bacteria onto the agar plate, reduced overlapping of colonies making colony counting easier, a significant challenge found with the exhalation filter. The airflow, however, was a little noisy and might frighten children of preschool age. It is unlikely that the M Air T Tester or the exhalation filter would be suitable for this age as it was more time consuming and technically challenging than a cough swab.
Healthy controls were used to test the M Air T Tester as its acceptability to patients needed to be proved. Ultimately testing in a disease group who could concurrently expectorate sputum would be required to determine whether it could be used as a surrogate test for sputum.
Whilst it was anticipated that more bacteria would be cultured on the coughing plates given the increased number of droplets generated compared to tidal breathing (90), there was no significant difference between the number of colonies produced. The small number studied limits this observation. The few colonies found would be unlikely to be reported as a positive growth by a microbiologist as they would not reach the threshold of presumed clinical significance, the expected result in healthy controls. A study in disease with more pathogen containing bioaerosols would be useful to analyse this further.
Streptococcus was identified in 10% of the healthy patients. Although S. pneumoniae is one of the most common respiratory pathogens found in the lower airways in disease (13, 44), it is also an upper airway coloniser of  healthy adults and children with a widely varied reported incidence (117, 122, 123). Its detection in this study could represent proximal contamination.
In 75% of the healthy adults tested, Staphylococcus was cultured and in 65% this was the only organism isolated. Staphylococcus is a respiratory pathogen and it can be cultured from the lower airways although this is much less common than Streptococcus (13, 44). Given the suitability of chocolate agar to grow both, one would expect Streptococcus to be concurrently found, and in a greater concentration. Staphylococcus is still a common nasopharyngeal coloniser (124), being reported in over 50% of healthy adults (125), and its finding is more likely to represent upper airway contamination. 
Whilst the low number of colonies in these patients limits the interpretation of the results, there were four subjects deemed healthy and therefore asymptomatic at recruitment, in whom the number of colonies found were much greater than the others. It may be that these patients are super-producers, people who produce far more bioaerosols than most (118).
While the M Air T tester is relatively costly and its efficacy in representing the lower airways in relation to sputum is untested, this study did show that it is a feasible technique, being comfortable to use and easy to perform. What is uncertain is where it fits into clinical practice. Given the cost implications one would have to show that it was superior to cough swabs in representing the lower airways or more successful in testing younger children, both of which remains unanswered, in order to justify their use. 
The work described in this chapter demonstrates that bioaerosols can be detected noninvasively although, as expected, only in a low concentration in healthy controls. It was planned that if the initial proof of concept study was successful, the devices would be subsequently tested in adults from Sheffield’s large COPD population who could easily comply with the technical aspects of the equipment and would be able to concurrently expectorate, thereby enabling simultaneous sputum analysis. The ethical approval for the proof of concept study included this further analysis. Testing was planned before, during and after infective exacerbations to investigate bioaerosol changes relating to clinical status and antibiotic use. This was to take place opportunistically during clinic attendances but also at home if hospital appointments did not coincide with the episodes being assessed.
Unfortunately, both the exhalation device and the M Air T Tester proved difficult to extrapolate into clinical practice. From bedside testing the filter papers in the exhalation filter would have to be removed and transported to the laboratory for analysis. There was already significant difficulty in trying to colony count and accurately report bacterial growth when bacteria were inoculated directly onto the paper. In clinical practice bacteria would be captured as aerosols after which there would be a delay in laboratory analysis likely to impact on the yield from culture, especially given that the expected respiratory bacteria preferentially grow in carbon dioxide rich environments. The exhalation device was therefore excluded from further analysis.
The M Air T Tester was also problematic. It was loud and heavy and as a bedside test would also pose difficulties in a delay in analysis that would potentially impact on bacterial yield. The study, albeit in healthy adults, only demonstrated likely upper airway contaminants. Given that cough swabs are quick, accessible, cheap and when positive correlate accurately with the lower airways, the limitations of the M Air T Tester were deemed too great to justify the extensive further testing the COPD study would entail and therefore further study was abandoned.   


[bookmark: _Toc386976270][bookmark: _Toc390546047][bookmark: _Toc390603225][bookmark: _Toc528352870]Chapter Three
[bookmark: _Toc386976271][bookmark: _Toc390546048][bookmark: _Toc528352871][bookmark: _Toc386976272][bookmark: _Toc390546049]Identification and characterisation of bacteria causing chronic cough among children in the United Kingdom (EPISTREP study) 
	
[bookmark: _Toc386976273][bookmark: _Toc390546050][bookmark: _Toc528352872]3.1		Study rationale 
The bacterial culture of BAL from children with PBB commonly grows H. influenzae, S. pneumoniae and M. catarrhalis (13, 20, 23, 29, 33, 35, 40), yet a comparison with a normal baseline has not been done. Microbiological studies of children with no respiratory problems have not been undertaken because bronchoscopies are invasive and require a general anaesthetic. Usually paediatric control groups include those undergoing a planned bronchoscopy for respiratory reasons other than chronic cough, for example, stridor, haemoptysis and laryngomalacia (44, 95, 96), and who therefore do not have normal respiratory health. Similarly, ENT problems have not been excluded from these control groups yet may alter the upper airway microbiota (69) which in turn could also impact on the lower airways.  GORD may also act to relocate bacteria from the gastrointestinal tract into the airways (69) but this too has never been accounted for when studying healthy children. 
Wheeze in PBB is reported although it is a rare auscultation finding and parental reporting of wheeze is known to correlate poorly with clinicians (126, 127). Whilst asthma is a frequent presenting disease in those with PBB who have been referred to tertiary centres, it is ultimately diagnosed in far fewer (29). Asthma also affects the lung’s microbiota (95) and therefore to understand the role of bacteria in the airways in health and disease, all these conditions must be excluded from so-called healthy cohorts and indeed from PBB groups. Only by ensuring that healthy respiratory controls are truly healthy and recruiting patients who would not normally be requiring a bronchoscopy, can the relevance of positive growth from BALs be ascertained. This is especially important following the advent of molecular techniques and the acknowledgement that the lower airways are not sterile. Closely safeguarding definitions of PBB and health will have a large impact on the number of patients it is possible to enrol in studies, but is imperative to understanding health and PBB as single entities. Such a focused study has never been performed. 
In addition to ensuring that controls have good respiratory health and that those with PBB do not have multiple pathological processes occurring simultaneously, one must acknowledge the interplay of the upper airways when sampling the lungs. Bronchoscopy can be performed with anaesthesia being delivered via a laryngeal mask or an ET tube. Many anaesthetists favour the former as it relatively quick and easy to insert, but it may also enable contamination of the scope as it comes into contact with pooled secretions in the oropharynx and larynx; any subsequent growth from a BAL might therefore be misleading. Inserting a bronchoscope via an ET tube may offer more protection from upper airway bacteria but this remains unstudied. 
Aside from contamination at intubation, the effect of the upper on the lower airway is also of interest. Upper airway colonisation is established very early in life (63) and evolves, changing with the environment and iatrogenic intervention throughout childhood (65-68). The upper airways can be colonised with the same bacteria that would be considered pathogens in the lower airways, and bacterial concordance of the upper and lower airways has been demonstrated among Australian indigenous children with bronchiectasis (74). This raises the question whether children whose upper airways are colonised with bacteria considered pathogens in the lower airways should be treated with antibiotics, although the concordance of optimised samples from the upper and lower airways in health and disease has not been accurately established (76).  
Recurrent viral URTIs are common in children with PBB. It has been postulated that an insult to the lower airways by a virus may provide the niche necessary to allow the establishment of PBB as described in the vicious circle hypothesis (38).  Airway neutrophilia has been shown to significantly increase with a bacteria-viral co-infection (43) but as with bacteria, the presence of viruses in the lower airways of carefully selected healthy controls and in children specifically with PBB alone has not been ascertained. 
Increasing the understanding of the microbiota of the airways in PBB and normal health will help clinicians interpret BAL results and aid decision-making when considering treatment options. In SCH there is a large population of children with PBB who usually demonstrate symptomatic improvement with antibiotics targeted at the commonest three pathogens, H. influenzae, S. pneumoniae and M. catarrhalis (13, 20, 23, 29, 33, 35, 40) for durations longer than would be prescribed in primary care, namely two to four weeks. There is still no consensus regarding the optimum management of chronic cough in children (51), including those with PBB. Many centres do not treat as aggressively with antibiotics, usually penicillins and cephalosporins, often opting for shorter antibiotic courses. The concern is that ignoring or undertreating those with PBB could have serious consequences and could lead to bronchiectasis (20, 33). 
[bookmark: _Toc386976274]Although the progression of PBB to bronchiectasis remains much debated and has not been shown definitively in the literature, it is hypothesised that the inflammation and infection in PBB when left untreated or partially treated can progress to more significant damage. Increasingly the concept of bronchiectasis as non-reversible damage to the airways is changing with the recognition of a pre-bronchiectasis state, otherwise known as chronic suppurative lung disease, in which symptoms of bronchiectasis without radiological evidence can exist.  Furthermore, the radiological changes seen in bronchiectasis can resolve with appropriate treatment (47). It is possible that all these conditions represent a spectrum along which PBB exists. It is possible that some of the unexplained bronchiectasis in both children and adults in whom no underlying medical conditions can be defined could be the result of unrecognised or poorly treated PBB. The early diagnosis of PBB is important but so is the recognition of the true pathogens responsible for this disease. The identification of these bacteria and defining their serotypes would help inform future decisions in treatment but also in the development of vaccine targets aimed at reducing chronic cough morbidity and long term lung damage. It is important to acknowledge what exists in healthy lower airways before one can define the pathogens associated with disease that can then be targeted with treatment,

[bookmark: _Toc390546051][bookmark: _Toc528352873]3.2		Hypothesis
Bacteria commonly cultured in children with chronic cough (H. influenzae, S. pneumoniae and M. catarrhalis) will not be found in clinically significant quantities in the lower airways of healthy children. 

[bookmark: _Toc386976275][bookmark: _Toc390546052][bookmark: _Toc528352874]3.3		Aim
To identify any significant bacterial growth of H. influenzae, S. pneumoniae and M. catarrhalis from the lower airways of healthy children and to compare this with PBB by means of an interventional case-control study.

[bookmark: _Toc386976276][bookmark: _Toc390546053][bookmark: _Toc528352875]3.4		Objectives
[bookmark: _Toc386976277][bookmark: _Toc390546054][bookmark: _Toc528352876]3.4.1		Primary objective
To compare the proportion of H. influenzae, S. pneumoniae and M. catarrhalis detected by culture in the lower airways of paediatric patients with PBB and healthy controls.

[bookmark: _Toc386976278][bookmark: _Toc390546055][bookmark: _Toc528352877]3.4.2		Secondary objectives
· To compare the proportion of H. influenzae, S. pneumoniae and M. catarrhalis detected by culture in cough and nasopharyngeal swabs of children with PBB and healthy controls.
· To compare the bacterial load of H. influenzae, S. pneumoniae and M. catarrhalis detected by quantitative culture in the upper and lower airways of children with PBB by two clinical laboratories.

[bookmark: _Toc386976279][bookmark: _Toc390546056][bookmark: _Toc528352878]3.5		Methods
[bookmark: _Toc386976280][bookmark: _Toc390546057][bookmark: _Toc528352879]3.5.1		Conduct of the study and funding
The study protocol and a subsequent study amendment (10/H1308/65) changing minor wording in the information leaflets, and the names of some study personnel, was reviewed and approved by the Yorkshire and Humber Research Ethics Committee in Sheffield.
This study was funded by GlaxoSmithKline (GSK) and was conducted in accordance with the International Conference for Harmonisation of Good Clinical Practice, the guiding principles of the Declaration of Helsinki and the Research Governance Framework for Health and Social Care (2nd Edition)(119). A GSK site monitor conducted monitoring visits.

[bookmark: _Toc386976281][bookmark: _Toc390546058][bookmark: _Toc528352880]3.5.2		Study centres 
This was to be a multi-centre, hospital based, interventional case-control study with SCH as the primary centre and Bristol Royal Infirmary and the Royal Belfast Hospital for Sick Children as the participating tertiary paediatric respiratory centres. It was assumed that each centre performed approximately 100 bronchoscopies a year for chronic cough and 35-50% of these would meet the enrolment criteria. Of those eligible it was assumed that there would be 10% refusal among children with PBB, and 90-95% among the healthy controls, with a further 10% decrease due to unforeseen difficulties. Across the three centres it was thought that it would take 12-15 months to recruit 160-220 subjects (80-110 cases and 80-110 controls). 80 cases and 80 controls were needed to achieve 80% power at a 5% level of significance to show that the odds ratio of detection of H. influenzae in the lower airways in cases versus controls was higher than 1.
Unfortunately the centres in Bristol and Belfast did not participate in this study and SCH became the sole recruiting centre.

[bookmark: _Toc386976282][bookmark: _Toc390546059][bookmark: _Toc528352881]3.5.3		Study cohort
Cases were children aged six to 72 months who had a persistent cough for greater than eight weeks (in accordance with the guidelines of the BTS Cough Guideline Group) (14) and were undergoing general anaesthesia for a clinically indicated bronchoscopy and BAL as part of the diagnostic process for chronic cough.
Controls were children aged six to 72 months who were undergoing general anaesthesia with endotracheal intubation for elective surgery or endoscopy for non-respiratory related conditions and had no chronic or acute respiratory symptoms during the four weeks prior to the visit. 

[bookmark: _Toc386976283][bookmark: _Toc390546060][bookmark: _Toc528352882]3.5.4		Eligibility criteria
[bookmark: _Toc386976284][bookmark: _Toc390546061][bookmark: _Toc528352883]3.5.4.1	Inclusion criteria 
Subjects satisfied all the following criteria at study entry:
· The research team believed that the parent(s)/LAR could and would comply with the requirements of the protocol.
· A male or female child between, and including, six to 72 months of age at the time of enrolment.
· Written informed consent obtained from the parent(s)/LAR of the subject.
· Never had any chronic (greater than six weeks) ENT problems. 
· No documented evidence or suspicion of GORD.
· No antibiotic therapy within the preceding four weeks.
· No evidence of an URTI within the preceding four weeks.

In addition, all subjects regarded as ‘cases’ satisfied all the following criteria at study entry:
· Persistent cough greater than eight weeks.
· No response to five days of prednisolone or an equivalent asthma treatment.
· A chest radiograph showing no evidence of a lobar pneumonia or gross structural abnormality.

In addition, all subjects regarded as ‘controls’ satisfied the following criteria at study entry:
· No respiratory symptoms (cough, wheeze, shortness of breath) for four weeks prior to the visit.
· No documented evidence or suspicion of lung disease upon physical examination.
· They were undergoing a procedure necessitating an ET tube.


[bookmark: _Toc386976285][bookmark: _Toc390546062][bookmark: _Toc528352884]3.5.4.2	Exclusion criteria 
The exclusion criteria for enrolment for all children were:
· Concurrently participating in another study at any time during the study period, in which the subject had been or was going to be exposed to an investigational or a non-investigational product (pharmaceutical product or device).
· The use of any investigational or non-registered product (drug or vaccine) within 30 days prior to study procedures or planned use during the study period.
· Any confirmed or suspected major immunodeficiency such as agammaglobulinaemia, T cell deficiency or Human Immunodeficiency Virus (HIV)/ Acquired Immune Deficiency Syndrome (AIDS) or CF based on medical history and physical examination although no laboratory testing was required.

[bookmark: _Toc386976286][bookmark: _Toc390546063][bookmark: _Toc528352885]3.5.5		Recruitment
As per the ethics agreement for this study, all families had to have received study information at least 24 hours prior to consent. Potential cases were identified from elective bronchoscopy lists and were sent a covering letter from the Principal Investigator (PI), a patient information leaflet and a bronchoscopy information sheet specific to the case arm of this study. 
As preoperative assessment clinics were often not attended or were organised haphazardly, this was not a reliable means of distributing study literature to potential controls. Instead, suitable theatre lists (based on the age of the child and the likelihood of them requiring an ET tube and having no co-morbidity) were identified using the Trust’s electronic theatre list system, Bluespier. Families were sent a covering letter, patient information leaflet and a bronchoscopy information sheet specific to the control arm of this study. The responsible anaesthetist and surgeon were informed that their patients had been approached and on the day of the procedure parents or LARs were asked if they would be interested in the study. If so, inclusion and exclusion criteria were checked and if eligible, informed consent was taken. 

[bookmark: _Toc386976287][bookmark: _Toc390546064][bookmark: _Toc528352886]3.5.6		Informed consent
Consent was taken from parents or LARs if all the eligibility criteria were met, using the agreed consent form. They were informed that the data collected would be confidential and anonymised and that samples would only be analysed for this study unless they had agreed that they could be used in further GSK research (excluding HIV or genetic testing) as outlined on the consent form. 
For many subjects, blood tests were already being taken and parents were told that the study blood samples would be taken in addition. If no venepuncture was planned, they were informed that the quantity of blood taken would not affect their child’s health and that if blood could not be aspirated from the cannula inserted routinely for the anaesthetic then there would be venepuncture from an additional site and therefore the possibility of a small bruise. 
Cough swabs taking only one to two minutes would be acquired prior to the general anaesthetic but all other swabs would occur afterwards.
The families of the cases were informed that BALs for the study would be taken concurrently with clinical samples but that priority would be given to the clinical samples; any BAL for the study would only be taken if there was enough left over to do so.
The families of the controls were informed that the bronchoscopy would prolong the general anaesthetic by an estimated three to five minutes, and there was a slight increased risk of desaturation necessitating an increase in inspired oxygen and a pause in the procedure, but that this would be closely monitored by the anaesthetist and that such dips were not considered dangerous. They were also informed that a self-resolving fever or cough, with or without blood, usually lasting less than 24 hours could occur afterwards but that this would be rare (128).
After consent, a photocopy of the document was given to each family. It was recorded in the patient’s notes and in their eCRF on the secure online GSK En@ble programme. Parents were informed that they could withdraw from the study at any point. 

[bookmark: _Toc386976288][bookmark: _Toc390546065][bookmark: _Toc528352887]3.5.7		Data handling and record keeping
All patients were anonymised and assigned a sequential study number. The total cohort included all enrolled subjects. Data was recorded in eCRFs. The unique identification numbers were used on all samples and documents but a file linking personal details to subject numbers was saved in an encrypted file on a University of Sheffield computer that remained in a locked office. All the data and information generated was only used for the purposes of the study.
All the information collected was the responsibility of the investigator and was collected and retained in accordance with the Data Protection Act 1993. Study documents (paper and electronic) will be kept for a minimum period of 15 years following the end of the study before being destroyed with written approval of GSK. 

[bookmark: _Toc386976289][bookmark: _Toc390546066][bookmark: _Toc528352888]3.5.8		Study cards and diary cards
Study subjects’ parents or LARs were given a study card with the address and 24 hour telephone number of the research team and they were encouraged to keep it with them for seven days. This was proof of their participation in the trial and provided details in which they, or other physicians, could get more information in the event of an emergency situation. Each family was told to immediately inform the investigator of any signs or symptoms they perceived to be serious following the procedure. 
A diary card and an electric thermometer was also provided and they were asked to record a daily axillary temperature, the presence of a cough with or without blood and any other medical problems for seven days after the procedure as this was the period in which symptoms could be considered related to the study procedures. Cough intensity was graded as 0: none or same as usual; 1: different from usual and no effect on normal activity; 2: different from usual and interferes with normal activity and 3: different from usual and prevents normal activity. The study day was denoted Day 0 and an abnormal axillary temperature was deemed ≥ 38.0°C. 
Diary cards were then to be returned via a stamped addressed envelope to the research team. If no diary card had been received one month from participation in the study, a telephone call was made to remind families to return them. The PI would investigate causality in the event of any adverse events and any events would be followed up until they resolved. 

[bookmark: _Toc386976290][bookmark: _Toc390546067][bookmark: _Toc528352889]3.5.9		Adverse events
An AE was defined as any untoward medical occurrence in a subject temporally associated with a study procedure. An SAE was any untoward medical occurrence that required hospitalisation or a prolongation of hospitalisation, caused disability or incapacity, was life threatening or resulted in death. 
Solicited AEs included fever, cough without blood or haemoptysis. Any other AEs were termed unsolicited AEs. 
Post study AEs occurring after seven days were not sought but if became known would be assessed and recorded if the event could be reasonably related to the study. 
In the event of AEs and SAEs, an assessment of causality would be made in light of the patient’s medical history, concomitant medication and other procedures being performed as determined from their eCRF. All events would be followed up and their outcomes determined where possible. 
Information relating to AEs and SAEs were recorded in the eCRF and GSK would be informed as a matter of urgency if an SAE occurred.

[bookmark: _Toc386976291][bookmark: _Toc390546068][bookmark: _Toc528352890]3.5.10	Subject completion and withdrawal
A subject for whom at least one BAL sample had been collected was considered to have completed the study.
A subject was considered a withdrawal if no study procedure had been performed. Information determining the reason for the withdrawal would be documented in the eCRF and all data collected until the withdrawal would be used for analysis. Withdrawn participants would be replaced by other subjects to achieve the target number of participants.  

[bookmark: _Toc386976292][bookmark: _Toc390546069][bookmark: _Toc528352891]3.5.11	Monitoring and audit	
Monitoring was conducted by a GSK site monitor. GSK or the Research and Development department in SCH could conduct an audit to ensure compliance with Good Clinical Practice and all applicable regulatory requirements and regulatory agencies were also permitted to do this. Such audits and inspections may have occurred at any time during or after completion of the study. 

[bookmark: _Toc386976293][bookmark: _Toc390546070][bookmark: _Toc528352892]3.5.12	Finance and indemnity
This was a GSK sponsored study and patients did not receive payment. Indemnity was provided by GSK Biologicals. 

[bookmark: _Toc386976294][bookmark: _Toc390546071][bookmark: _Toc528352893]3.5.13	Study procedures
The following is an overview of the procedures performed during the EPISTREP study. 
1. Check inclusion and exclusion criteria
2. Informed consent and assign subject number
3. Collection of demographic data and medical history
4. Physical examination and diary card distribution
5. Cough swab
6. Anaesthesia with endotracheal intubation
7. Oropharyngeal swab
8. Two nasopharyngeal swabs
9. Blood samples
10. Bronchoscopy and BAL
11. Recording of adverse events for seven days and the return of diary cards
Samples were either taken as per routine practice or as additional samples for study purposes (Table 3). 








	Procedure
	Cases
	Controls

	Cough swab
	S
	S

	Anaesthesia (with ET tube)
	R
	R

	Oropharyngeal swab for bacterial testing
	S
	S

	Nasopharyngeal swab for bacterial testing
	S
	S

	Nasopharyngeal swab for viral testing
	S
	S

	Blood
	S +/- R 
	S

	Bronchoscopy and BAL
	R
	S



[bookmark: _Toc390551149][bookmark: _Toc390551289][bookmark: _Toc390551325][bookmark: _Toc528353043][bookmark: _Toc528353055]Table 3: The identification of procedures or sampling related to routine practice or to the EPISTREP study (S: procedures/samples performed or collected as part of the study; R: procedures/samples performed or collected as per routine practice)

Samples were either processed by SCH or sent to Quest Diagnostics, a commercial laboratory in the UK commissioned by GSK. Each sample’s testing location was determined by a predetermined funding agreement. Samples being sent to QUEST Diagnostics were stored in a -80C freezer and delivered on dry ice.

[bookmark: _Toc386976295][bookmark: _Toc390546072][bookmark: _Toc528352894]3.5.14	Demographic information
Demographic information was collected from all enrolled subjects, recorded in their patient booklet and entered into their eCRF. 
The information gathered included:
· Gender 
· Date of birth
· History of respiratory conditions
· Medication history from the preceding three months based upon parental recall.
· Immunisations
· Breastfeeding
· Daycare attendance
· Parental smoking
· Home residences within half a mile of major roads or other major environmental pollutants such as areas where trucks or other vehicles idle and major industrial areas with smokestacks.

For cases, the following information was additionally collected:
· Age of onset of their chronic cough.
· Symptoms associated with their cough at onset.
· Length of time taken for referral to a tertiary paediatric respiratory specialist.
· Medication history for cough in the preceding two years. As there were multiple potential sources of antibiotic prescription without a central recording system, parental recall was relied upon for these details.
· Current description of the cough, for example, productive with or without expectorate, paroxysmal with or without a ‘inspiratory whoop’, dry, brassy or increasing with attention.
For controls, the reason for their anaesthesia was documented.

[bookmark: _Toc386976296][bookmark: _Toc390546073][bookmark: _Toc528352895]3.5.15	Physical examination
Body temperature, respiratory rate and weight were measured. A respiratory examination was undertaken in all subjects.


[bookmark: _Toc386976297][bookmark: _Toc390546074][bookmark: _Toc528352896]3.5.16	Clinical samples
All samples were labeled with the patient’s unique subject number, date of collection and type of sample. Details of each sample were recorded in the patient’s eCRF and medical notes. Samples were stored in the -80C freezer prior to delivery to the QUEST Diagnostics laboratory. GSK undertook audits of the freezer’s electronic temperature recordings and the alarm system procedures were reviewed to ensure safe storage in and out working hours.

[bookmark: _Toc386976298][bookmark: _Toc390546075][bookmark: _Toc528352897]3.5.17	Sampling prior to the general anaesthetic
[bookmark: _Toc386976299][bookmark: _Toc390546076][bookmark: _Toc528352898]3.5.17.1  	Cough swab
Where possible, dependent on the age and the compliance of the child, a bacterial cough swab was taken prior to the general anaesthetic. To do this, a flocked swab was passed directly into the patient’s mouth whilst carefully avoiding the tongue and oropharynx, and was held in place while the patient coughed. The plastic applicator was cut with sterile scissors releasing the end of the swab into a 3.5ml tube prefilled with 2ml of STGG (skimmed milk, tryptone, glucose and glycerine), a bacterial specific buffer, that had been warmed up to room temperature prior to use. The tube was labelled and immediately put into a cool bag with 4C cooling blocks. It was vortexed for 15 seconds prior to storage in a -80C freezer. 
The STGG medium was provided by GSK. It was prepared by dissolving 2g of skimmed milk powder, 3g of oxoid tryptone soy broth, 0.5g of glucose and 10ml glycerol in 100ml of distilled water. 

[bookmark: _Toc386976300][bookmark: _Toc390546077][bookmark: _Toc528352899]3.5.18 	Sampling during the general anaesthetic
[bookmark: _Toc386976301][bookmark: _Toc390546078][bookmark: _Toc528352900]3.5.18.1  	Nasopharyngeal and oropharyngeal swabs
During the anaesthetic, viral and bacterial nasopharyngeal swabs and a bacterial oropharyngeal swab were taken. 
For oropharyngeal swabs, the patient’s head was tipped slightly backwards and a flocked swab passed directly into their oropharynx. Once in place it was rotated 180 and left for five seconds to saturate the tip.
For nasopharyngeal swabs, the patient’s head was tipped slightly backwards and a flocked swab passed directly into the nasal passage until it gently touched the part of the throat lying directly behind the nose. Once in place the swab was rotated 180 and left for five seconds so that the tip became saturated, before removing it slowly. The nasopharynx was swabbed twice via each nostril, once for bacteria and once for viruses. 
After swab collection each plastic applicator was cut with sterile scissors to release the end; bacterial swabs into a 3.5ml tube prefilled with 2ml of STGG at room temperature, and viral swabs into a 15ml conical tube prefilled with 3ml of M4RT at room temperature. M4RT is a viral medium supplied by GSK consisting of modified Hank’s balanced salt solution supplemented with bovine serum albumin, gelatin, sucrose and glutamic acid. The pH is buffered with HEPES buffer and Phenol red is used to indicate pH. Gentamicin and amphotericin B are incorporated into the medium to inhibit growth of competing bacteria and fungus. 
Tubes were labelled and immediately put into a cool bag with 4C cooling blocks. They were vortexed for 15 seconds prior to storage in a -80C freezer.


[bookmark: _Toc386976302][bookmark: _Toc390546079][bookmark: _Toc528352901]3.5.18.2  	Blood Samples
Approximately 10ml of blood was taken from a peripheral vein, usually via the cannula inserted by the anaesthetist for the purpose of the procedure, or by venepuncture. 1.5ml was collected into an ethylenediaminetetraacetic acid (EDTA) tube for full blood count (FBC) and lymphocyte subset analysis, and 8.5ml into a serum-separating tube (SST) for the remaining blood tests. After collection the tubes were gently inverted ten times.
Blood was to be analysed for the following tests.
· FBC and lymphocyte subsets
· Immunoglobulins (Ig)G and subclasses
· IgE
· IgM
· Mannose binding lectin (MBL)
· Pertussis antibodies
· Inflammatory markers (Tumour necrosis factor (TNF)-α, IL-8, IL-17)

Whole blood samples in the EDTA tube were transferred directly to the SCH laboratory at room temperature. Blood in the SST tubes were centrifuged at 1600g for 15 minutes and the serum transferred using sterile disposable pipettes into further tubes for analysis (Figure 8). They were stored in a -80°C freezer.


[bookmark: _Toc402044363][image: ]Figure 8: Procedures for blood sample collection and preparation
[bookmark: _Toc386976303][bookmark: _Toc390546080][bookmark: _Toc528352902]3.5.18.3	Bronchoalveolar lavage
GSK stipulated that all BAL samples underwent microbiological analysis in QUEST Diagnostics, a private laboratory they commissioned.  This was requested because at the start of the study, SCH funding for BAL culture had not been agreed although this was subsequently approved. As a result, BAL samples were cultured in both the SCH and QUEST laboratories.

BAL was performed using a standard technique (60, 129). 1% lignocaine hydrochloride to a maximum of 3ml/kg was sprayed onto the vocal cords to prevent coughing during the procedure. 
For cases, the site of sampling was determined by the location of most secretions at bronchoscopy or the site of abnormality on the chest radiograph. In the absence of either and for all the controls, the right middle lobe was sampled as this is the region of greatest fluid recovery (60). Three aliquots of 0.9% sodium chloride (1ml/kg up to a maximum of 20ml) were injected into the lower airways with a 20ml syringe. They were immediately manually aspirated back through the syringe or by mechanical aspiration into a suction trap applying pressures of 20-50mmHg. The estimated time for sampling was three to five minutes for the controls although this could be longer for the cases depending on the study findings and the degree of mucous present.
The three aspirated samples were pooled into a sterile conical tube. For cases, priority was given to retaining a sufficient volume of BAL (2ml) for routine clinical testing (bacterial culture, respiratory viral PCRs and fungal culture). This clinical sample was put into a sterile universal container and transferred at room temperature to the Microbiology and Histopathology laboratories in SCH. If less than 2ml of BAL was retrieved from the lower airways of the cases then no research sample would be taken. 
In those for whom there was enough, 2ml of BAL was put into an 8ml tube containing 2ml STGG to give a 1:1 ratio of BAL and STGG. If there was less than 2ml of BAL from the cases remaining after the clinical samples were taken or if there was less than 2ml total sample from the controls, then the quantity was measured and the volume of STGG altered to achieve a 1:1 volume ratio in the tube. This was immediately put into a cool bag with 4C cooling blocks and taken to the -80C freezer for storage. If there was 0.5ml BAL remaining after this it was put into a further universal container and sent at room temperature to the SCH Histopathology laboratory for a leucocyte differential measurement. 

[bookmark: _Toc386976304][bookmark: _Toc390546081][bookmark: _Toc528352903]3.5.18.4	BAL leucocyte differential 
BAL leucocyte differential is estimated from a stained cytospin sample viewed by microscope.  
BAL samples were stained in haematoxylin and eosin (H&E). They were resuspended in CytoRich Red and centrifuged at 3000 rpm (revolutions per minute) for five minutes. The supernatant was discarded and the pellet again resuspended in CytoRich Red. Slides labelled with the study number were inserted into the cytospin machine with a disposable funnel. Five to six drops of the resuspended sample were added to the funnel of its corresponding slide and centrifuged at 1500 rpm for five minutes.
Samples were fixed in 95% Industrial Methylated Spirit (IMS) for 30 seconds and rinsed in tap water for 30 seconds. They were stained in haematoxylin for five minutes, rinsed in running water for five minutes, stained in eosin for 20 seconds and then rinsed in running water. They were dehydrated in alcohol and xylene.
Following staining, slides were reviewed at x40 magnification and an estimated percentage composition of lymphocytes and neutrophils was recorded. For some samples this was not possible as cells were obscured with debris. 

[bookmark: _Toc386976305][bookmark: _Toc390546082][bookmark: _Toc528352904]3.6		Results
[bookmark: _Toc386976306][bookmark: _Toc390546083][bookmark: _Toc528352905]3.6.1		Recruitment 
Recruitment took place from June 2012 to February 2013 with SCH as the sole recruiting centre. The study was terminated by GSK seven months early due to poor recruitment in SCH and the lack of participation by the other two centres because of problems with funding agreements. It was expected that the target subject numbers would not be reached.  

[bookmark: _Toc386976307][bookmark: _Toc390546084][bookmark: _Toc528352906]3.6.1.1	Case recruitment
All respiratory consultants in SCH agreed for their patients to be approached for participation in this study. 84 children had an elective bronchoscopy primarily for chronic cough during the study period with 31/84 (36.9%) being eligible for consent and 13/84 (15.5%) agreeing to take part (Figure 9). 53/84 (63.1%) were ineligible for recruitment (Figure 10).
Of those eligible, 4/31 (12.9%) refused, expressing a wish to minimise intervention during the general anaesthetic. 14/31 (45.2%) were eligible but could not be recruited 6/31 (19.4%)(31) had their bronchoscopies cancelled on the day because of staffing or bed problems, 5/31 (16.1%) did not receive their information sheets prior to the day of theatre and therefore could not be approached and 3/31 (9.7%) failed to attend on the day of theatre). The study team could not optimise recruitment of these patients.

[bookmark: _Toc402044364]Figure 9: Case recruitment to the EPISTREP study


[bookmark: _Toc402044365]Figure 10: Reasons why 53 patients did not meet the eligibility criteria for the case arm of the EPISTREP study

[bookmark: _Toc386976308][bookmark: _Toc390546085][bookmark: _Toc528352907]3.6.1.2	Control recruitment
12/13 (92%) of the anaesthetists contacted agreed to facilitate the study. All 23 consultants performing procedures in theatre who were approached, agreed to their patients being recruited.
Potential controls were not contacted if it was likely from their planned procedure that they would not require an ET tube. As the majority of anaesthesia is delivered via a laryngeal mask, this excluded a large number of patients. Complex surgery increased the likelihood of multiple medical comorbidities and so these lists were also avoided. These children would not be reflected in the recruitment statistics.
82 families were sent information sheets. 49/82 (59.8%) were eligible for consent and 6/82 (7.3%) were recruited to the study. Five completed the study; one patient had their procedure cancelled after consent but before any samples were taken (Figure 11). Four had a gastrointestinal endoscopy and two had short plastic surgery procedures.

[bookmark: _Toc402044366]Figure 11: Control recruitment to the EPISTREP study


Of the 43 who were eligible but not recruited, this was due to parental refusal in 8/43 (18.6%) (Figure 12).  33/82 (40.2%) did not meet the eligibility criteria (Figure 13). 


[bookmark: _Toc402044367]Figure 12: Reasons why 43 eligible patients could not be recruited to the control arm of the EPISTREP study (*DNA did not attend)




[bookmark: _Toc402044368]Figure 13: Reasons why 31 patients did not meet the eligibility criteria for the control arm of the EPISTREP study

[bookmark: _Toc386976309][bookmark: _Toc390546086][bookmark: _Toc528352908]3.6.2		Demographic data
Demographic details were collected from all children. Included in this analysis is the one control patient who had no samples taken (Table 4).



	
	
	Cases 
(n=13)
	Controls 
(n=6)
	 p value

	Gender % (n)
	Male
	46.2 (6)
	66.7 (4)
	0.434

	
	Female
	53.8 (7)
	33.3 (2)
	

	Age (months)
	Range
	11-58
	10-59
	0.238

	
	Median
	46
	24.5
	

	Weight (Kg)
	Range
	10- 24
	7-19
	

	
	Mean
	16
	12.5
	

	
	SD
	4.02
	4.23
	0.101

	
	Median
	15.5
	12.9
	

	Immunisations               % (n)
	 PCV-7*
	38.5 (5)
	16.7 (1)
	0.37

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	PCV-13**
	61.5 (8)
	83.3 (5)
	0.37

	
	Neither PCV-7 or 13
	0
	0
	

	
	HiB***
	100
	100
	

	Breastfeeding (months)
	% (n)
	61.5 (8)
	83.3 (5)
	0.37

	
	Range 
	1-14
	2-15
	

	
	Median 
	8.4
	8
	

	Daycare
	% (n)
	76.9 (10)
	83.3 (5)
	0.766

	Smoking % (n)
	1 in house
	15.4 (2)
	16.7 (1)
	

	
	2 in house
	7.7 (1)
	0
	

	
	Non-smoking 
	76.9 (10)
	83.3 (5)
	0.766

	Live within half a mile of a major road or a major environmental pollutant
	% (n)
	15.4 (2)
	50 (3)
	0.124


[bookmark: _Toc390551150][bookmark: _Toc390551290][bookmark: _Toc390551326]
[bookmark: _Toc528353044][bookmark: _Toc528353056]Table 4: Demographic characteristics of the patients recruited into the EPISTREP study *Pneumococcal conjugate vaccine (7 valent); **Pneumococcal conjugate vaccine (13 valent); ***Haemophilus influenzae type B vaccine


[bookmark: _Toc386976310][bookmark: _Toc390546087][bookmark: _Toc528352909]3.6.3		Past medical history of other respiratory illnesses 
Cases reported chronic cough and infection related respiratory comorbidity including previous bronchiolitis, recurrent viral URTIs and episodes of GP and paediatrician diagnosed pneumonia. Other respiratory pathology was very unusual with only one having had a pneumothorax. 
One control reported a previous significant respiratory problem, a pneumonia more than a year previously.  

[bookmark: _Toc386976311][bookmark: _Toc390546088][bookmark: _Toc528352910]3.6.4		Cough characteristics
All cases had chronic cough for which they had been referred to a tertiary paediatric respiratory centre (Figures 14 & 15).












[bookmark: _Toc402044369]Figure 14: Time from the onset of cough to cases being referred to a tertiary paediatric respiratory centre

4/13 (30.8%) said that their cough initially started in isolation, 9/13 (69.2%) reported that it began with coryzal symptoms and in 6/13 (46.2%) this coryzal illness was associated with a fever. 4/13 (30.8%) described a cough worse on waking and 4/13 (30.8%) said that it was not worse at any particular time of the day. 
All cases described their cough as nonproductive and ‘wet’. 9/13 (69.2%) had a cough that was triggered by exercise, 3/13 (23.1%) coughed spontaneously and 1/13 (7.7%) coughed when lying down.  

 
[bookmark: _Toc402044370]Figure 15: Age at the onset of chronic cough of the cases

[bookmark: _Toc386976312][bookmark: _Toc390546089][bookmark: _Toc528352911]3.6.5		Asthma treatment
All cases had to have had asthma positively excluded; this means that they had to have had no response to at least a five day trial of prednisolone or an equivalent asthma treatment. Despite this, many had had significant treatment for asthma prior to their bronchoscopy and many were still taking medication they did not deem made any difference to their symptoms citing a desire to try and stop the treatment after their bronchoscopy (Figure 16). The length of time taking any asthma medication ranged from 1-150 weeks; median 47.8 weeks.


[bookmark: _Toc402044371]Figure 16: Asthma treatment taken by the cases at any time prior to the EPISTREP study

[bookmark: _Toc386976313][bookmark: _Toc390546090][bookmark: _Toc528352912]3.6.6		Antibiotic usage
Antibiotic usage for the cases was analysed over the two years prior to the study. Parental recall of medication was relied upon as there was no accurate central prescription database to consult. There were 296.2 weeks of antibiotics taken by the 13 cases over this period. This ranged from 0-13 courses of antibiotics (median three) per person in the preceding two years. The number of weeks of treatment per person ranged from 0 to 63 weeks (median 13; mean 22.8 20.32 weeks). The length of an individual antibiotic course ranged from 0.2 to 20 weeks; (median 4, mean 4.363.68 weeks). Only one patient had taken no antibiotics at all in the previous two years (Figure 17).

[bookmark: _Toc402044372]Figure 17: Antibiotic usage among the cases (Abx: antibiotics)

[bookmark: _Toc386976314][bookmark: _Toc390546091][bookmark: _Toc528352913]3.6.7		Physical examination
Axillary temperature and respiratory rate were within the expected age-related range for all subjects. Chest examination was normal in 11/13 (84.6%) of the cases and all the controls. A few scattered crepitations were the abnormal auscultation findings in 2/13 (15.4%) of the cases. 

[bookmark: _Toc386976315][bookmark: _Toc390546092][bookmark: _Toc528352914]3.6.8		Diary Cards
12/18 (66.7%) of the diary cards were returned; nine cases and three controls. 4/12 (33.3%) were filled in fully, meaning they had a documented daily temperature and values for cough with and without blood for each of the seven days. All the incomplete cards did not have values for day 0, the day of the study. It is likely that this terminology caused confusion as day one data was filled in for all.
[bookmark: _Toc386976316][bookmark: _Toc390546093][bookmark: _Toc528352915]3.6.8.1	Cases
2/9 (22.2%) recorded a grade one cough (different from usual and has no effect on normal activity) and 3/9 (33.3%) had a grade two cough (different from usual and interferes with normal activity). One patient with a grade two cough was diagnosed with an incidental viral URTI. Two patients did not enter any cough data.
Two cases recorded an axillary temperature ≥ 38.0°C, both children had incidental diagnoses diagnosed by a doctor, one a viral URTI and the other had tonsillitis. All cases recorded at least one axillary temperature but this was completed daily for seven days in 4/9 (44.4%).

[bookmark: _Toc386976317][bookmark: _Toc390546094][bookmark: _Toc528352916]3.6.8.2	Controls 
One control reported a grade one cough for two days. No one recorded a temperature ≥ 38.0°C.

[bookmark: _Toc386976318][bookmark: _Toc390546095][bookmark: _Toc528352917]3.6.9		Sample collection
One control patient was recruited but no samples were collected as their procedure was cancelled. Nasopharyngeal and oropharyngeal samples were taken from all the remaining subjects. 6/18 (33.3%) of the children in the study had a cough swab. The youngest child who was able to produce a cough swab was 46 months old.
Given recruitment problems, not all tests were carried out by GSK in QUEST Diagnostics, and SCH had funding for only some of the study’s analysis. In all instances, tests that were planned but not done were the responsibility of GSK (Table 5).
	
	Cases
	Controls

	Cough swab
	Bacterial culture
	X
	X

	


Blood
	FBC
	SCH
	SCH

	
	Lymphocyte subsets
	SCH
	SCH

	
	MBL
	X
	X

	
	Pertussis antibodies
	X
	X

	
	TNF-α, IL-8, IL-17
	X
	X

	
	IgM, IgE
	X
	X

	
	IgG & subclasses
	X
	X

	Oropharyngeal swab
	Bacterial culture
	X
	X

	
	Bacterial serotype
	X
	X

	Nasopharyngeal swab
	Bacterial culture
	QUEST
	QUEST

	
	H. influenzae serotype
	QUEST
	QUEST

	
	Viral PCR
	X
	X

	

BAL
	Leucocyte differential
	SCH
	SCH

	
	Bacterial culture 
	SCH/QUEST 
	SCH/QUEST 

	
	H. influenzae serotype 
	QUEST 
	QUEST 

	
	Viral PCR 
	SCH 
	SCH

	
	Fungal culture
	SCH
	SCH


[bookmark: _Toc390551151][bookmark: _Toc390551291][bookmark: _Toc390551327]
[bookmark: _Toc528353045][bookmark: _Toc528353057]Table 5: Sample analysis in the EPISTREP study (X: planned but not done by GSK)


[bookmark: _Toc386976319][bookmark: _Toc390546096][bookmark: _Toc528352918]3.6.10		Blood samples
The majority of intended blood analysis was not done. Only FBC and lymphocyte subsets were tested for both cases and controls (Table 6) and analysed using a chi-squared test. 



	
	Cases (n=13)
	Controls (n=5)
	p value

	
	Range
	Mean
	SD
	Range
	Mean
	SD
	

	WCC*
	6.36-17.89
	12.11
	3.24
	9.6-12.6
	6.65
	1.64
	0.0027

	Neutrophils
	2.54-8.43
	5.17
	2.00
	1.3-3.73
	2.37
	1.05
	0.0096

	Lymphocytes
	2.67-12.88
	6.11
	3.06
	2.17-5.18
	3.71
	1.31
	0.114

	CD3
	1.57-7.18
	3.88
	1.80
	1.45-3.11
	2.68
	1.26
	0.194

	CD4
	1.08-3.58
	2.18
	0.94
	0.76-3.36
	1.86
	1.08
	0.542

	CD8
	0.63-2.69
	1.30
	0.84
	0.49-0.77
	0.61
	0.11
	0.091


[bookmark: _Toc390551152][bookmark: _Toc390551292][bookmark: _Toc390551328]
[bookmark: _Toc528353046][bookmark: _Toc528353058]Table 6: Blood results for cases and controls. All values quoted are x109cells/l. Ranges are not given as they vary by age (*white cell count).

[bookmark: _Toc386976320][bookmark: _Toc390546097][bookmark: _Toc528352919]3.6.11		Cough and oropharyngeal swabs
There are no results for cough or oropharyngeal swabs.

[bookmark: _Toc386976321][bookmark: _Toc390546098][bookmark: _Toc528352920]3.6.12		Nasopharyngeal swabs
Nasopharyngeal swabs were taken from cases and controls and bacterial culture and serotyping was performed (Figure 17). 12/13 (92.3%) cases and 2/5 (40%) controls had a positive nasopharyngeal culture. M. catarrhalis (8/13; 61.5%), S. pneumoniae (7/13; 53.8%) and H. influenzae (6/13; 46.2%) were the most common bacteria cultured from the cases. Among the controls, M. catarrhalis was cultured from 2/5 (40%), S. pneumoniae from 1/5 (20%) and H. influenzae from 1/5 (20%).  The H. influenzae cultured from all patients was nontypeable.

 









[bookmark: _Toc402044373]Figure 18: BAL bacterial culture results from the nasopharyngeal swabs of cases and controls

[bookmark: _Toc386976322][bookmark: _Toc390546099][bookmark: _Toc528352921]3.6.13	Bronchoalveolar lavage
[bookmark: _Toc386976323][bookmark: _Toc390546100][bookmark: _Toc528352922]3.6.13.1  	Leucocyte differential
The percentage composition of neutrophils and lymphocytes was estimated from all BALs (Table 7) and analysed using a chi-squared test. 4/13 (30.8%) BAL case samples and one control sample could not be analysed as few intact cells were seen. 
	Cell type
	Cases (n=9)
	Controls (n=4)
	p value

	
	Range
	Mean
	SD
	Range
	Mean
	SD
	

	Neutrophils (%)
	3-84
	21.85
	26.37
	1.5-13.5
	5.25
	5.56
	0.249

	Lymphocytes (%)
	0-35
	12.95
	10.20
	4-16.5
	10
	5.76
	0.604



[bookmark: _Toc390551153][bookmark: _Toc390551293][bookmark: _Toc390551329][bookmark: _Toc528353047][bookmark: _Toc528353059]Table 7: BAL leucocyte differential counts from cases and controls

[bookmark: _Toc386976324][bookmark: _Toc390546101][bookmark: _Toc528352923]3.6.13.2  	Bacterial culture
Bacteria growth in SCH is quantified as light, moderate or heavy. QUEST quantify H. influenzae and S. pneumoniae numerically as a CFU/ml and any other growth as either positive or negative (Table 8). It is very difficult to directly correlate descriptive and quantitative results from two institutions therefore only the presence or absence of bacteria will be commented upon. H. influenzae typing was only undertaken by QUEST. 














	Patient
	SCH
	Quest (CFU)/ml)

	1
	Moderate H. influenzae 
Moderate S. pneumoniae
	H. influenzae (NT) 8 x 103
S. pneumoniae 8 x 103

	2
	Heavy H. influenzae  
Heavy S. pneumoniae
	H. influenzae (NT) >1 x 104
S. pneumoniae >1 x 104

	3
	No growth
	S. pneumoniae >1 x 104 
S. aureus
M. catarrhalis

	4
	Moderate  H. influenzae
	No growth

	5
	Light S. pneumoniae
	S. pneumoniae 2.5 x 103
M. catarrhalis

	6
	Light M. catarrhalis
	M. catarrhalis

	7
	Heavy H. influenzae 
Moderate M. catarrhalis
	H. influenzae (NT) 9 x 103
M. catarrhalis

	8
	No growth
	No growth

	9
	No growth
	H. influenzae (NT) 1 x 102
M. catarrhalis

	10
	No growth
	S. pyogenes 
M. catarrhalis

	11
	Light M. catarrhalis
	M. catarrhalis

	12
	No growth
	S. pyogenes

	13
	Heavy H. influenzae  
Moderate S. pneumoniae
	H. influenzae (Type E) 8 x 103
S. pneumoniae >1 x 104
M. catarrhalis
S. pyogenes

	
	
	

	14
	No growth
	No growth

	15
	Light H. parainfluenzae
	H. influenzae (NT) 1.5 x 103

	16
	No growth
	No growth

	
17
	Heavy H. influenzae  
Moderate S. pneumoniae
	H. influenzae (NT) 3.5 x 103
S. pneumoniae 4 x 103
M. catarrhalis

	18
	No growth
	No growth



[bookmark: _Toc390551154][bookmark: _Toc390551294][bookmark: _Toc390551330][bookmark: _Toc528353048][bookmark: _Toc528353060]Table 8: Summary of BAL bacterial growth in the SCH and Quest laboratories for cases and controls (1-13: cases; 14-18: controls. NT: nontypeable)


BALs from 12/13 (92.3%) of cases and 2/5 (40%) of controls were positive for at least one bacteria from at least one laboratory. M. catarrhalis (8/13; 61.5%), H. influenzae (6/13; 46.2%) and S. pneumoniae (5/13; 38.5%) were the most common bacteria cultured from the cases. Of the two controls whose BALs were positive for bacteria, one was positive for H. influenzae and H. parainfluenzae and the other for H. influenzae, S. pneumoniae and M. catarrhalis (Figure 19). Neither of the controls with a positive BAL were the patient who had recorded a post procedural cough although the control with H. influenzae, S. pneumoniae and M. catarrhalis had recorded a temperature of 37.8C on day one but this did not satisfy the study’s definition of pyrexia.
One of the cases and three of the controls had BALs with no bacterial growth from analysis in either laboratory. 












[bookmark: _Toc402044374]Figure 19: Bacteria cultured from BALs of cases and controls

[bookmark: OLE_LINK2]Bacterial co-infection was common with 8/13 (61.5%) cases and 2/5 (40%) controls being positive for two or more bacteria (Figure 20). 







[bookmark: _Toc402044375][bookmark: OLE_LINK1]Figure 20: Number of bacteria cultured per person from BALs of cases and controls

[bookmark: _Toc386976325][bookmark: _Toc390546102][bookmark: _Toc528352924]3.6.13.3	BAL and nasopharyngeal culture correlation
Nasopharyngeal culture was positive for bacteria in 12/13 (92.3%) and BAL culture was positive in 12/13 (92.3%) of cases. The patients with negative cultures were not the same. There was an agreement between the bacterial species cultured from the nasopharynx and BALs of the cases in 62.1% (n=21) of the species isolated. Isolation from both the nasopharynx and BAL occurred in 66.6% of the H. influenzae cultured and in 57.1% of the S. pneumoniae and 62.5% of the M. catarrhalis isolated. 
Nasopharyngeal culture was positive for bacteria in two controls and one of these patients also had a positive BAL.



[bookmark: _Toc386976326][bookmark: _Toc390546103][bookmark: _Toc528352925]3.6.13.4	  SCH and QUEST cultures
Case and control BALs were analysed for bacterial culture in SCH and QUEST laboratories. Concordance between laboratories for positive growth in all patients was 5/8 (62.5%) for H. influenzae, 5/6 (83.3%) for S. pneumoniae and 3/9 (33.3%) for M. catarrhalis. M. catarrhalis was never only grown in SCH and in 6/9 (66.7%) was cultured only in QUEST (Figure 21).
[image: ]










[bookmark: _Toc386976327]Figure 21: Bacterial growth of all BALs (cases and controls) according to the laboratory in which they were cultured
[bookmark: _Toc390546104]
[bookmark: _Toc528352926]3.6.13.5  	Viral PCR
6/13 (46.2%) of BALs from cases were positive for viruses (Figure 22) compared to one control with rhinovirus. There were no viral co-infections in cases or controls. 

[bookmark: _Toc402044376]Figure 22: Viral PCR results of BALs from cases

6/13 (46.2%) of cases had a BAL positive for virus and bacteria, 3/13 (23.1%) were negative for both and 3/13 (23.1%) were negative for virus but positive for bacteria. 
Three of the five controls were negative for virus and bacteria and one was positive for both. This was not the patient who recorded a cough in their diary card. One control sample was insufficient for analysis.

[bookmark: _Toc386976328][bookmark: _Toc390546105][bookmark: _Toc528352927]3.6.13.6	  Fungal Culture
All BAL samples from cases and controls were negative for fungus.

[bookmark: _Toc390546106][bookmark: _Toc528352928]3.7		Discussion
[bookmark: _Toc386976329][bookmark: _Toc390546107][bookmark: _Toc528352929]3.7.1		Recruitment of controls
The EPISTREP study demonstrated the difficulty in recruiting true healthy paediatric respiratory controls with only six children being consented, five subsequently taking part. This was anticipated as studies of PBB with a control group with other respiratory co-morbidity not excluded have also recruited low numbers with Hilty et al recruiting five children 16 years and younger (95), van der Gast et al recruiting four (106), Hodge et al recruiting 13 (130) and Wurzel et al recruiting 49 children (44). Recruitment was always going to be difficult task with our far stricter eligibility criteria. 
Parental reluctance was not the main factor in the poor recruitment of controls, this accounting for only 18.6% of those approached who were eligible but did not participate. At study conception the estimated effect of parents refusing was a 90-95% reduction in recruitment. Participation in research studies in SCH is common and families are accustomed to seeing researchers around clinical areas and hearing locally about the Children’s Hospital Charity who fund many studies. This could explain the population’s unexpected acceptance of the EPISTREP study, even when invasive additional testing would be required. In the group who were eligible but did not take part because of logistical issues these included problems with equipment, time constraints in theatre lists, families not receiving information sheets prior to the day of theatre and clinicians not deeming the families suitable to approach. This accounted for 81.4% of those eligible but not recruited and were factors that could not be optimised by the research team and would therefore also affect future studies. 
The eligibility criteria, designed in order to study normal respiratory health without confounding factors, had a significant impact on recruitment. Hundreds of children were excluded without being contacted based on the type of surgery they were having and the likelihood that they would not be having an ET tube.  If they had been included in the analysis there would have been a much greater calculated impact on recruitment. Although the effect of not using an ET tube on the contamination of samples is a theoretical risk, this was discussed many times during the recruitment process when numbers were low. It was felt that safeguarding the definition of a healthy control and minimising upper airway contamination was paramount and thus a change in recruitment strategy was not adopted. These stringent criteria are a novel approach to sample collection requirements.

[bookmark: _Toc386976330][bookmark: _Toc390546108][bookmark: _Toc528352930]3.7.2		Recruitment of cases
The expected eligibility to the case arm was 35-50% of those with chronic cough undergoing a bronchoscopy. 36.9% of the population met the enrolment criteria, in keeping with this estimate. 12.9% refused to participate (this was estimated at 10% prior to the study). Unforeseen problems with theatre lists and equipment accounted for a loss of 45.2% but these were factors such as list cancellation and equipment failures and were not able to be optimised by the research team. 
43.4% of those not meeting the eligibility criteria were excluded because a diagnosis of asthma could not be positively eliminated. Children had to have had no response to five days of prednisolone or an equivalent asthma therapy. Whilst all had had some asthma treatment, many could not say for certain that their symptoms were not, at least in part, alleviated. The coexistence of PBB and parents reporting wheeze has been estimated between 48% (29) and 63% (44) and may make the exclusion of asthma difficult although parents’ report of wheeze is inaccurate and the response to treatment may be impacted by a placebo effect. If a partial response to asthma treatment had been permitted it is likely that higher recruitment numbers could have been achieved.

[bookmark: _Toc386976331][bookmark: _Toc390546109][bookmark: _Toc528352931]3.7.3		Demographic data
Although the control group appeared younger than those with PBB (median age 24.5 months vs 46 months) this did not reach statistical significance (p=0.238). There were no statistically significant differences in any of the demographic details collected from the two groups although numbers were low. The initial plan for this study was to age match those recruited but given the small numbers this was not achievable and was not performed. 

[bookmark: _Toc386976332][bookmark: _Toc390546110][bookmark: _Toc528352932]3.7.4		Immunisations
The immunisation rate of 100% in both groups was impressive and above the national average of 94.7% (131). The type of Prevenar used for vaccination reflected the age of the child with Prevenar 13 replacing Prevenar 7 in 2010. 

[bookmark: _Toc386976333][bookmark: _Toc390546111][bookmark: _Toc528352933]3.7.5		Breastfeeding
The rate of breastfeeding, defined as having breast fed at any point after birth, was 61.5% in the cases and 80% in the controls. This compares to a national UK average of 81% and a Yorkshire and the Humber average of 77% (132). Factors such as the mother’s age, socioeconomic class, education and deprivation scores as well as the birth order of the subject recruited, were not collected and therefore this difference cannot be explained. The impact of breastfeeding on lower airway microbiology of children could not be studied given the low recruitment number.

[bookmark: _Toc386976334][bookmark: _Toc390546112][bookmark: _Toc528352934]3.7.6		Environmental pollutants
There were similar rates of smoking in the home environments of cases and controls (77.8% vs 80%).  Three of the six controls lived within half a mile of major roads or environmental pollutants compared to 15.4% of cases although numbers were too small for any conclusions to be made and for this to reach any statistical significance (p=0.124).
[bookmark: _Toc386976335][bookmark: _Toc390546113][bookmark: _Toc528352935]3.7.7		Cough characteristics
All the cases reported a wet cough, a characteristic used by other groups to define PBB (50), and a good predictor of secretions at bronchoscopy and bacterial growth from the BAL (13). 53.8% of cases were referred to a tertiary respiratory centre within six months of the initial cough, whilst 46.2% took longer than this; one patient was seen by a respiratory paediatrician more than three years after the cough began. This is a significant delay given the morbidity associated with PBB but is similar to other studies (29). 53.8% reported the cough starting under a year of age. 

[bookmark: _Toc386976336][bookmark: _Toc390546114][bookmark: _Toc528352936]3.7.8		Asthma
Asthma is an important diagnosis to consider in the assessment of chronic cough in children. The cough in asthma is usually dry (14, 24), in contrast to the cough of all those in our study. Wheeze is an important feature of asthma and is commonly reported by parents of children with PBB but is rarely found on their clinical assessment (29, 43). There can be significant diagnostic confusion between asthma and PBB, with 45% of a previous Sheffield cohort being initially referred to its tertiary service with difficult asthma prior to the diagnosis being changed to PBB (29). This probably reflects the poor correlation between parental and clinician assessment of clinical signs, in particular wheeze (126, 133). In PBB, adventitial sounds on examination are unusual (44), as was seen in this study in which 84.6% had a clear chest upon auscultation. 
The cases had to have had no response to asthma therapy but despite this, the median time on any asthma medication was 47.8 weeks, with all treatment being within steps one to four of the BTS/SIGN asthma guideline. No child’s therapy was escalated to a regular oral corticosteroid. This further demonstrates the diagnostic association of cough in childhood with asthma as all within this cohort perceived no benefit from asthma medication. 
[bookmark: _Toc386976337][bookmark: _Toc390546115][bookmark: _Toc528352937]3.7.9		Antibiotics
The median length of antibiotic therapy over the previous two years among the cases was 13 weeks (mean 22.8 weeks). Per course the median length was four weeks, in keeping with the BTS recommendation of four weeks for PBB treatment (14). This exceeds the recent American College of Chest Physicians’ recommendation of two weeks of antibiotics (52) and the observation of the only randomized controlled trial in PBB that showed a 48% cough resolution rate after two weeks of amoxicillin/clavulanate compared to 16% in the placebo group (50). 
The median number of antibiotic courses per person over the preceding two years was three. 46.2% took three or more courses per year. Recurrent PBB has been defined as three or more episodes of cough requiring antibiotics in a year. Although details of exacerbations were not collected in this study, if one assumes that each antibiotic course equates to one exacerbation, our recurrence rate is similar to that in other published studies (33). Given that recurrent PBB and a persistent cough for more than four weeks despite appropriate antibiotics may be associated with early changes of bronchiectasis (62, 134) this would potentially put the children in this study at high risk and therefore supports a follow up study of this cohort.  
The antibiotics taken by the cases were in keeping with national recommendations (14) and local practice; in the majority this was amoxicillin/clavulanate, cefixime and macrolides. 

[bookmark: _Toc386976338][bookmark: _Toc390546116][bookmark: _Toc528352938]3.7.10	Adverse events
The diary card return rate was 66.7%, aided by a telephone call to prompt parents if nothing had been received after four weeks. 22.2% of the cases and none of the controls recorded an axillary temperature of ≥38.0°C; both cases had an incidental illness diagnosed after the study. The very small numbers recruited in both arms limits the interpretation of this finding although it is encouraging that in good respiratory health, adverse events are not recorded. A large prospective study of over 1300 children undergoing flexible bronchoscopy reported a post procedural pyrexia rate of 18.8% that was independent of the isolation of bacteria >104/ml from BAL (128) and probably better reflects what would be found among the cases if more children had been recruited to the study. As this was a study of children with a clinically indicated bronchoscopy, an extrapolation cannot be made to the control cohort.
55.5% of the cases reported a cough more severe than usual and one control reported a new onset cough for one day. The control with the cough had a BAL negative for bacteria and viruses. A 0.5% rate of post bronchoscopy coughing has been previously reported (128) although the correlation with a cough prior to the study, the severity of coughing deemed significant and the timeframe studied was not clear, making comparisons difficult. There are no previous bronchoscopy studies of controls.  

[bookmark: _Toc386976339][bookmark: _Toc390546117][bookmark: _Toc528352939]3.7.11	Cough swabs
Cough swabs were only taken from 33.3% of cases and controls, the youngest being 46 months, as the majority of children were unable to comply with the procedure. Although centres have performed distal throat swabs to induce a cough (135), this is not pleasant for the child, does not produce a true cough swab and is not local practice. It is therefore not possible to produce a cough swab in this younger population, the most common age in PBB. Cough swabs have been found to have a high positive predictive value but a low negative predictive value compared to sputum (75), indicating that if it is possible for them to be collected they could have a role in aiding treatment choices in this non-expectorating age group. Unfortunately funding constraints prevented the cough swabs collected being analysed and so it was not possible to compare them with BAL in the PBB cohort. 

[bookmark: _Toc386976340][bookmark: _Toc390546118][bookmark: _Toc528352940]3.7.12	Blood results
Cases had statistically higher mean blood white cells (p=0.0027) and neutrophils (p=0.0096). Whilst there is often a neutrophilia in the BAL of children with PBB, there have been no other studies comparing neutrophil counts in the blood of PBB and true controls. The numbers were too small in this study to subanalyse the cases and controls with and without bacterial growth but it is worth speculating that the chronicity of the inflammation in PBB does instigate a systemic reaction that can be seen in blood as well as in the airways. 
CD3 and CD4 cells are lower in children with PBB compared to those who have a chronic cough for other reasons including GORD and asthma. CD56 and CD16 cells, otherwise known as NK cells, are higher in PBB compared to children with other chronic respiratory symptoms (44). There have been no previous comparisons of T cell markers in PBB with healthy paediatric controls but in this study there was a non-significant increase in CD3, CD4 and CD8 cells in the PBB group. More children would be needed to confirm this finding.

[bookmark: _Toc386976341][bookmark: _Toc390546119][bookmark: _Toc528352941]3.7.13	Nasopharyngeal swabs
92.3% of cases and two of the five controls sampled had a nasopharyngeal swab positive for bacteria. M. catarrhalis (8/13; 61.5%), S. pneumoniae (7/13; 53.8%) and H. influenzae (6/13; 46.2%) were the most common bacteria cultured from the cases and M. catarrhalis was cultured from 2/5 (40%), S. pneumoniae from 1/5 (20%) and H. influenzae from 1/5 (20%) of the controls. These bacteria are most commonly found in the BALs of children with PBB and when detected are considered pathogens (13, 20, 29, 33, 35, 40). Although nasopharyngeal colonisation with these bacteria can be found in asymptomatic children (122, 136, 137), incidence is higher in those with respiratory infection (138). The difficulty is determining when to act upon these so-called pathogens when detected in the nasopharynx.
A combination of oral and nasopharyngeal microbiome analysis provides a better representation of what is found in the BALs of children with chronic lung disease but significant differences still remain (76). In this study, oropharyngeal swabs were not analysed so this approach cannot be studied. The mean correlation of individual bacterial culture between the nasopharynx and BAL was 62.1% for cases (n=21) but numbers were small and only one control had both a positive nasopharyngeal and BAL culture. A greater number of subjects would be needed to determine any true determinants of the lower airways.

[bookmark: _Toc386976342][bookmark: _Toc390546120][bookmark: _Toc528352942]3.7.14	Bronchoalveolar lavage
[bookmark: _Toc386976343][bookmark: _Toc390546121][bookmark: _Toc528352943]3.7.14.1  	Leucocyte differential
In BAL leucocyte differentials, the mean neutrophil percentage of the cases and the controls was 21.8526.27% (n=9) vs 5.255.56% (n=4) although the number of samples was small and this difference was not statistically significant (p=0.249). The ERS task force statement on BAL in children refers to a small number of studies of healthy children in whom neutrophil counts were lower than those with respiratory disease. These were similar to results from healthy adults but demonstrated a wide range (93), particularly in children under eight years old (94). In these studies, microbiological analysis was not done.
In PBB, BAL neutrophils are high (33, 44, 45), suggesting the role of pulmonary innate immunity in this disease. BAL neutrophils in children with PBB who had been treated and were no longer coughing were lower and similar to those without PBB (45). Baines et al found that children with PBB had a BAL neutrophilia that was significantly associated with an increased cough score and an increase in IL-1β levels. IL-1β is a neutrophil pathway mediator involved in inflammation and the mediation of host defence; it is associated with other lung conditions such as cystic fibrosis and COPD (46). A neutrophilia has not been associated with the development of bronchiectasis at a two year follow up (33).
BAL lymphocytes in PBB are similar to those in respiratory conditions other than PBB (44) and as we found, similar to healthy controls.
In addition to the interpretation of our results being limited by the very low recruitment numbers, one must remember that BAL leucocyte differential results are subjective as percentage counts are not automated. A degree of error in calculation must therefore be considered and the comparison of interstudy results must be done with caution. 

[bookmark: _Toc386976344][bookmark: _Toc390546122][bookmark: _Toc528352944]3.7.14.2  	Bacterial culture
· Cases
93.5% of BALs from cases grew at least one bacteria. Studies of PBB show high but varying levels of positive bacterial culture ranging from 46% (13) to 100% (44). Although this is in keeping with this study’s results, directly comparing PBB studies is difficult. Cough duration in PBB is generally accepted as being greater than four weeks (25), yet the definitions of cough duration in PBB studies vary. Some use a threshold of four weeks (29, 33, 35) and others six (20), yet eight weeks of cough was used in this study as per the BTS definition of chronic cough (14) to ensure no diagnostic overlap with other diagnoses such as a self-limiting post viral cough. The use of subjective quantitative and qualitative (‘light’, ‘moderate’, ‘heavy’) bacterial culture results across studies also makes comparisons difficult. Furthermore, any comparison of bacteriology using standard culture is limited by the technique itself (41). As well as the method of collection, differences in the detection of bacteria across different lobes has been observed (54) and may affect study results. Location specific growth is the experience of this study group.
H. influenzae, S. pneumoniae and M. catarrhalis were the most commonly cultured bacteria from the cases’ BALs. As expected, the majority of the Haemophilus cultured was nontypeable (33, 139), with only one species being Type E.  46.2% of the PBB cohort were positive for H. influenzae, a proposed risk factor for bronchiectasis (33). 
These results differ from the majority of studies as M. catarrhalis was the most commonly cultured bacteria rather than H. influenzae (20, 23, 29, 33, 43). Only Kompare et al found M. catarrhalis to be commonest in their PBB population (35). The high level of M. catarrhalis was due to a high culture rate in the QUEST Diagnostics laboratory with 75% of those positive being detected there and not in SCH. Both laboratories handle the samples similarly by centrifuging the BAL and culturing the deposit. Specimens in both laboratories are processed on blood agar in carbon dioxide, chocolate agar in carbon dioxide and MacConkey agar in air; all at 37°C for 48 hours. Moraxella grows well on both blood and chocolate agar and it is not very difficult to culture. The only technical difference is the addition of STGG and subsequent freezing to -80C of the BALs for analysis in the QUEST laboratory. Although handling in this way has not been studied in Moraxella, it has not been shown to affect the recovery of S. pneumoniae (140), either positively or negatively.
The laboratory differences may be due to a failure of conventional microbiology to detect pathogens (41) or be due to the manner in which results are reported. SCH reports are qualitative and are based upon a ‘significant growth’, this being a growth that is high enough to make contamination unlikely. Only 1/12 (8.3%) of all bacterial isolates in SCH were not grown in QUEST, a moderate growth of H. influenzae. Conversely, 2/10 (20%) of the H. influenzae and S. pneumoniae cultured in QUEST, were not found in SCH; 1x102CFU/ml of H. influenzae which would not generally be considered a clinically significant growth and 1x104CFU/ml of S. pneumoniae which would usually be deemed significant. 
Although BALs are more protected from upper airway contamination than sputum samples and measures were taken in the study to avoid this further, it is possible that SCH disregarded some growth as clinically insignificant or as contamination that was reported by QUEST. As QUEST reported Moraxella as either present or absent, it is possible that contaminants were reported and this makes the interpretation of their non-qualitative results problematic. Of the eight BALs growing Moraxella in QUEST, only three were also cultured in SCH. It is possible that SCH underreports Moraxella and therefore that clinicians do not consider it a pathogen when choosing an antibiotic regime, although its antibiotic sensitivity is similar to that of H. influenzae and S. pneumoniae and one would expect it to be adequately treated by the antibiotics usually prescribed in this cohort. This could be true of other bacteria such as Neisseria which can act as pathogen in the respiratory tract (141) but is not commonly found using standard bacterial culture methods. The underappreciation of bacteria that may not be grown or if found may be dismissed as an oral commensal and therefore not reported, might explain some treatment failures and the high antibiotic burden in those with PBB.

· Controls
This is the first time that BALs of healthy paediatric controls have been microbiologically analysed and the first time that the bacteria considered the commonest pathogens in PBB have been isolated from healthy airways.  Whilst novel, interpretation of the two healthy controls with a positive BAL bacterial culture must be taken with care owing to the small number recruited. 
The bronchoscopes used in SCH are cleaned as per the manufacturer’s instructions. Autoclaves are not suitable for cleaning this equipment as they would damage the fibre optics. Detergent is used during manual channel flushing and brushing and the scopes are stored in a drying cabinet. Infection related to the bronchoscope itself has been described when equipment is damaged (142) or cleaning is not carried out effectively. There is no evidence that pathogens can be cultured from a properly cleaned bronchoscope (143) and although no samples were taken from the study bronchoscopes prior to their use, it is therefore unlikely that the two positive results are related to contamination of the equipment. 
Culture independent techniques in which the whole microbiota is demonstrated must be considered the future of investigation in this area. Although standard bacterial culture has its limitations, microbiome research has demonstrated that the conducting airways have a dynamic diverse bacterial population. This has been demonstrated in healthy adult studies (95) yet never, owing to difficulties in invasive testing, in healthy children. The fact that we have demonstrated, using optimised methods of sampling, that healthy children can grow H. influenzae, H. parainfluenzae, S. pneumoniae and M. catarrhalis, calls in to question the basis upon which we direct treatment following bronchoscopies. 

[bookmark: _Toc386976345][bookmark: _Toc390546123][bookmark: _Toc528352945]3.7.14.3  	Viral PCR
46.2% of cases had a BAL with a positive viral PCR compared to 38% in the only other PBB study systematically examining for viruses (44). There was no one virus significantly cultured more than another; adenovirus, parainfluenza virus, rhinovirus and coronavirus were all isolated equally. Adenovirus is the most commonly detected virus in the literature where it was found to be significantly associated with H. influenzae infection (44). No significant association was noted in this study.
One control had a BAL positive for rhinovirus. Although this was a less common finding in the controls than the cases, the numbers tested were small. The finding of virus in the lower airways of completely healthy, asymptomatic children has been similarly noted in a study by Thavagnanam et al who reported 35% of healthy children with at least one virus (42).





[bookmark: _Toc387008501][bookmark: _Toc390546124][bookmark: _Toc390603301][bookmark: _Toc528352946]Chapter 4
[bookmark: _Toc390546125][bookmark: _Toc387008502][bookmark: _Toc528352947][bookmark: _Toc390546126]A study of the microbiota of the lower airways in healthy children and in children with persistent bacterial bronchitis (Bronchial Brushings study) 

[bookmark: _Toc387008503][bookmark: _Toc390546127][bookmark: _Toc528352948]4.1		Study rationale
Bacteria are isolated from the lower airways of children with PBB (13, 20, 33, 35, 40). In medical practice, standard microbiological culture is used to detect the bacteria thought to cause clinically significant infection and thus guide treatment, although results can be variable (54) and there may be an interlaboratory variation as was seen in the EPISTREP study (Chapter 3). Sampling is usually not undertaken with exacerbations as non-invasive methods are often not feasible in this population; young children do not expectorate and frequently cannot provide cough swabs, as was demonstrated in the EPISTREP study (Chapter 3). Other means of sampling are invasive and are therefore not performed routinely, usually only when establishing a diagnosis or if symptoms are persistent or complications occur. When samples are sought and pathogens are isolated, however, they usually demonstrate an antibiotic sensitivity profile showing susceptibility to amoxillin/clavulanate, third generation cephalosporins and macrolides, the antibiotics most frequently used to treat PBB.  Despite a high antibiotic burden, many still report significant morbidity (32) and whilst insufficient treatment, adherence problems and a progression to bronchiectasis, need to be considered, it is possible that pathogens exist that are not appreciated using standard culture, as was seen in the EPISTREP study (Chapter 3). 
With the advent of molecular analysis, bacterial communities in the airways can be seen in much greater detail. 16S rRNA gene analysis is one such method. Ribosomes are complex structures found in all living cells that are involved in the synthesis of proteins. Prokaryotic ribosomes consist of two subunits, 30S and 50S (S denotes a Svedberg unit, which is a non-SI unit for sedimentation rate). Each subunit contains a complex of proteins and rRNA, both of which are transcribed from the genome. 16S rRNA, the smaller subunit of 30S, is encoded by a gene that contains highly conserved regions and nine hypervariable regions (V1-V9). The latter provides a species-specific DNA sequence of bases used to identify bacteria without relying upon culture. Although one can perform full-length 16S rRNA gene sequencing, this is time consuming and costly, and a more accessible method, although only providing identification at genus level, can be performed by the analysis of much shorter sequences within the hypervariable area. In this study the V4 region was analysed although others can be used. 
The first step in 16S rRNA gene analysis is the extraction of DNA that is then used as a template for qPCR and sequencing. qPCR uses real-time PCR to quantify the total bacterial load without identifying constituent bacteria. Sequencing is non-quantitative and uses PCR with primers, in this case targeting the V4 region, to provide genus level identification and a measure of relative abundance. 
The introduction of 16S rRNA analysis has helped to establish that the lungs are not sterile (144). It has been used to show that there is a resident microbiota within the lower airways that changes with clinical diseases such as cystic fibrosis (96), COPD, asthma (41, 95, 108, 109) and PBB (76, 96), but the microbiota of PBB remains relatively unexplored. 
Although PBB is defined as a response to antibiotics, symptoms often recur and multiple courses of antibiotics may be required over time. It is possible that this disease may relapse due to the organisms central to its pathology being overlooked by standard microbiology and that by studying the whole microbiome pathogens would be elicited that have not been targeted by treatment. The impact of a large antibiotic burden may also affect the resident bacteria within the lungs without this translating into a bacterial growth appreciable with standard culture. The effect of antibiotics on the microbiome is contentious, with an effect being reported in some studies (109) whilst no appreciable difference in dominant organisms or diversity is seen in others (76). The effect of antibiotics in PBB, a group with a significant antibiotic burden at a young age, is yet to be defined. 
With an increasing interest in the microbiome coupled with more evidence of what exists in different disease states, there have been no studies of the lower airways in children with completely normal respiratory health. In order to study healthy lungs one would need to carry out a bronchoscopy or bronchial brushings in those for whom accessing the lower airways would be done solely for research purposes. This presents significant recruitment challenges in the paediatric setting. In adult studies, oropharyngeal bacteria have been shown to represent what is found distally (69) and in 69% of children with PBB about 50% of the lung microbiota was reflected in a combination of oral and nasal microbiota findings (96). Although they are similar (103), upper airway samples are not accurate enough to fully demonstrate the lower airways. This means that studying a healthy cohort remains a challenge, as there is no reliable, proxy, noninvasive marker of what exists distally.
The impact of asthma (95) and antibiotics (96) on the microbiome has been shown, yet studies with control groups of so-called healthy children, as well as studies of PBB alone, have not excluded asthma or those having recent antibiotic therapy (55, 76, 95, 96, 145, 146). The theoretical impact of other conditions such as ENT pathology in which abnormal upper airways may have an impact distally, has also not been reflected in enrolment criteria. 
Upper respiratory tract bacteria in breast fed children differ from bacteria predominating in those who are formula fed (145, 147). Similar oral microbiomes are found in children and their carers (148), suggesting the effect of close contact, yet the connection between maternal upper airway bacteria and their children’s lung microbiome has not been described in relation to feeding methods. Similarly, smoking has been shown to affect the diversity of the lung microbiome in adults (149), and passive smoking affects respiratory health (150) and the bacteria cultured from the nasopharynx in children (67), but the impact of passive smoking on the paediatric lower airway microbiome has not been described in either health or disease. 
Aside from the interplay between the upper and lower airways, one must consider the contribution of iatrogenic proximal to distal contamination. Although no studies have determined this, it is probable that during both intubation and bronchoscopy there is some transfer of bacteria. Although this effect cannot be eliminated completely, endotracheal intubation, once achieved, provides a port through which the bronchoscope can be passed without coming into contact with the upper airways. Laryngeal masks, although technically easier and as a result more ubiquitous in ‘healthy’ children undergoing a general anaesthetic, do not shield the upper airways from the bronchoscope, thereby theoretically increasing the chance of bacterial cross-contamination. Given anaesthetists’ preference for laryngeal masks in many well children undergoing procedures who would be likely to fulfill the criteria of being in good respiratory health, by excluding their use the number of healthy children eligible for research is significantly reduced, as was seen in the EPISTREP study (Chapter 3). This exclusion, whilst significantly impacting recruitment, probably increases the accuracy of lower airway samples being analysed with 16S rRNA, an extremely sensitive method that would detect bacteria present inherently and by contamination. 
Given the difficulty in obtaining lower airway samples for use in directing treatment in children with PBB, easier methods of collecting microbiological samples would be advantageous. Bronchoscopic (non-blind) and non-bronchoscopic (blind) brushings are an alternative method of sampling and have been shown to be comparable to BAL when conventional microbiological culture is used to detect bacteria in adults (56, 59, 98, 99). Non-blind brushings require bronchoscopy, but blind brushings can be taken directly from the airways via an ET tube or laryngeal mask. Although this still relies upon a general anaesthetic and airway adjuncts to provide access, it is much easier and quicker and does not require the level of skill necessary to perform bronchoscopies. Having a quicker, less invasive means to collect samples increases the acceptability of testing healthy children solely for research purposes. It provides an opportunity to analyse healthy cohorts, define normality in children and to distinguish microbiota differences with PBB. Although blind and non-blind brushings are thought to be comparable means of collecting samples for standard microbiological culture (56, 59, 98, 99), their use in the 16S rRNA microbiome field is so far undetermined and if accurate, the use of blind brushings could increase the accessibility of microbiome studies in health and disease.

[bookmark: _Toc387008504][bookmark: _Toc390546128][bookmark: _Toc528352949]4.2		Hypothesis
The lower airway microbiota in children with PBB is significantly different to that in healthy children.

[bookmark: _Toc387008505][bookmark: _Toc390546129][bookmark: _Toc528352950]4.3		Aim
To sample the lower airways of children with PBB and children with normal respiratory health using blind and non-blind bronchial brushings, comparing the microbiota and assessing the impact of brushing method by means of an interventional case-control study

[bookmark: _Toc387008506][bookmark: _Toc390546130][bookmark: _Toc528352951]4.4		Objectives
[bookmark: _Toc387008507][bookmark: _Toc390546131][bookmark: _Toc528352952]4.4.1		Primary objective
Using 16S rRNA analysis, compare the lower airway microbiota in PBB and normal respiratory health.

[bookmark: _Toc387008508][bookmark: _Toc390546132][bookmark: _Toc528352953]4.4.2		Secondary objectives
· Using 16S rRNA analysis, compare the lower airway microbiota detected using blind and non-blind brushings.
· To determine if there are similarities in the microbiota of the upper airways of mothers and the lower airways of children aged two years or younger in relation to infant feeding methods.
· To determine the impact of parental smoking on the lower airway microbiome in children with and without PBB.
· To determine the impact of viral infections on the lower airway microbiome in children with and without PBB.

[bookmark: _Toc387008509][bookmark: _Toc390546133][bookmark: _Toc528352954]4.5		Methods
[bookmark: _Toc387008510][bookmark: _Toc390546134][bookmark: _Toc528352955]4.5.1		Conduct of the study and funding
The study protocol was approved by the Yorkshire and Humber Research and Ethics Committee in Sheffield (12/YH/0230). A study amendment was submitted requesting that all study information could be distributed on the day of the procedure and therefore not need to be received 24 hours in advance, as had been previously agreed. This change was an amendment in line with lessons learned from the EPISTREP study (Chapter 3) in which information sheets not received by post, last minute changes to theatre lists and problems trying to identify potentially eligible children, affected recruitment numbers and were significantly time consuming. Supporting evidence from Alder Hey Hospital, a centre that regularly uses bronchial brushings in studies and recruits and distributes study literature on the same day, was submitted but this request was refused. An amendment changing minor wording in the information leaflets, and the names of some study personnel was agreed.
This study was funded by The Children’s Hospital Charity in SCH, and was conducted in accordance with the International Conference for Harmonisation of Good Clinical Practice and the guiding principles of the Declaration of Helsinki and the Research Governance Framework for Health and Social Care (2nd Edition)(119).
[bookmark: _Toc387008511][bookmark: _Toc390546135][bookmark: _Toc528352956]4.5.2		Study design
This was a hospital based, interventional case-control study in SCH, a tertiary paediatric respiratory centre. 	Comment by Ian Craven: Check	Comment by Ian Craven: Observational open label?

[bookmark: _Toc387008512][bookmark: _Toc390546136][bookmark: _Toc528352957]4.5.3		Study cohort
The initial aim was to recruit 65 children aged 17 years or younger; 25 without respiratory pathology termed ‘healthy’, 20 with PBB and 20 with asthma. These numbers were deemed achievable recruitment targets for enrolment over a six month period. Additionally, the mothers of any recruited children aged two years and younger were asked to participate and undergo nasal and oropharyngeal swabs.

[bookmark: _Toc387008513][bookmark: _Toc390546137][bookmark: _Toc528352958]4.5.4		Eligibility criteria
[bookmark: _Toc387008514][bookmark: _Toc390546138][bookmark: _Toc528352959]4.5.4.1	Inclusion criteria
All subjects satisfied each of the following criteria at study entry:
· A male or female child aged 1 month to 17 years at the time of enrolment.
· Written informed consent obtained from the patient or their parent(s)/LAR and written assent from the child where appropriate. 
· Be undergoing a planned procedure involving a general anaesthetic with an ET tube or undergoing a bronchoscopy with an ET tube for diagnostic purposes.
· No chronic (defined as greater than six weeks) ENT problems.
· No documented evidence of GORD.


In addition, all subjects with lung pathology satisfied the following criteria at study entry:
· Have a sole diagnosis of PBB or asthma as diagnosed by a respiratory paediatrician. In PBB, wheeze and the use of inhalers is common but, as with the EPISTREP study (Chapter 3), PBB patients had to have a cough not responsive to asthma therapy and no concurrent diagnosis of asthma. Children with both diagnoses or if either diagnosis was in doubt, were excluded. 
In addition, all subjects regarded as ‘healthy’ satisfied the following criteria at entry:
· No diagnosis or suspected diagnosis of any respiratory conditions.
· No antibiotic therapy within the preceding four weeks.
· No evidence of an URTI within the preceding four weeks.

For maternal participants:
· Have an enrolled child (case or control) who satisfies the eligibility criteria and is two years or younger.

[bookmark: _Toc387008515][bookmark: _Toc390546139][bookmark: _Toc528352960]4.5.4.2	Exclusion criteria
· Concurrently participating in another study at any time during the study period in which the subject has been or will be exposed to an investigational or a non-investigational product (pharmaceutical product or device).
· Use of any investigational or non-registered product (drug or vaccine) within 30 days prior to study procedures, or planned use during the study period.
· Any confirmed or suspected immunosuppressive or immunodeficient condition, based on medical history only (no laboratory testing required).
· Non-English speakers as there was no provision for translation.
[bookmark: _Toc387008516][bookmark: _Toc390546140][bookmark: _Toc528352961]4.5.5		Recruitment
The recruitment method was similar to that of the EPISTREP study (Chapter 3) and therefore previous experience guided the approach. 
For case recruitment the study was presented at the paediatric respiratory departmental meeting and the protocol was distributed upon request.  
As the healthy group needed to fulfill very similar eligibility criteria to that in the EPISTREP study (Chapter 3), the same type of theatre lists were used.  Consultants carrying out the procedures and the anaesthetists responsible for these lists were contacted individually and informed of the study via email. Queries were answered electronically or at departmental meetings and the protocol was provided if required.  The theatre lists targeted for the healthy controls were once again dental, endoscopic gastroenterology and plastic surgery and these were identified via the trust’s electronic theatre list system, Bluespier, once all involved consultants had agreed to their patients being recruited.
In light of the unsuccessful attempt to amend the protocol enabling recruitment on the day of theatre, the original ethics agreement was followed and all the study information was provided at least 24 hours prior to the day of the procedure. It was difficult to access patients at preoperative assessment clinics and to determine when children listed for bronchoscopies would be attending, so all study information was distributed via post. Patients were sent an age appropriate study information leaflet, a parent information leaflet and for mothers of patients aged two years or younger, a maternal participation leaflet was enclosed.
On the day of theatre, patients (and mothers if eligible) were approached on the Surgical Assessment Unit or hospital ward. Parents or LARs, and/or children when age appropriate, were asked if they were interested in participating in the study. If they were, inclusion and exclusion criteria were checked and if eligible, informed consent was taken.

[bookmark: _Toc387008517][bookmark: _Toc390546141][bookmark: _Toc528352962]4.5.6		Informed consent
If keen to participate and the eligibility criteria were met, informed consent was taken using the agreed consent form at least 24 hours after receiving the relevant information leaflets (Appendix). 
Children undergoing bronchoscopies were told that the brushings would not significantly prolong their procedure, requiring only one to two minutes to perform, with no risk in addition to those discussed during consent for the bronchoscopy itself.  
Controls were informed that their brushings would also take one to two minutes, but that they would be done between the other routine procedures so that their general anaesthetic would not be significantly prolonged. As in Alder Hey Hospital, a centre that regularly uses bronchial brushings as a research tool, patients were told that the brushes could cause a transient increase in inspired oxygen, but that this would be unlikely as sampling would occur after the child was preoxygenated during the induction of anaesthesia. The risk of bronchial abrasion and bleeding was discussed and parents were told that other than a small amount of blood on the brush itself, anything further would be very rare. They were warned of an increase in temperature within the first 12 hours, but it was explained that in healthy children with no respiratory problems this would be unusual. A mild, self-limiting cough lasting less than one hour occurring in 10% of children, as reported by Alder Hey Hospital, was also discussed, but it was said that it was difficult to ascertain whether this cough was attributable to the brushing or to the ET tube.
Legal guardians were asked to sign forms for children 15 years and younger, and if 16 years or older, patients could sign their own consent forms. Children too young to consent themselves but deemed old enough to understand the study were asked if they would like to complete an assent form. 
Eligible mothers of participating children aged two years and younger who were undergoing nasal and oropharyngeal swabs were told that the swab may be slightly uncomfortable and rarely could cause abrasion with a small amount of bleeding. Mothers signed an additional consent form for their study involvement.
All participants were informed that they could withdraw from the study at any point following consent. 

[bookmark: _Toc387008518][bookmark: _Toc390546142][bookmark: _Toc528352963]4.5.7		Data handling and record keeping
Following consent, all patients were anonymised and assigned a sequential study number. From this point all details relating to them were labeled only with this number. Patients’ names were not entered into the eCRF and identifiable details were stored in an encrypted electronic file on a University of Sheffield computer that remained in a locked office. All the data and information generated was only used for the purposes of the study and could only be accessed by members of the research team. 
All the information collected was the responsibility of the investigator and was collected and retained in accordance with the Data Protection Act 1993. Study documents (paper and electronic) were retained in a secure location and will be kept for up to a period of five years following the end of the study. Where study related information was documented in the medical records a ‘Do not destroy before dd/mm/yyyy” label was added with the date being five years after the last patient visit. All personal data will be stored for a maximum of three years.

[bookmark: _Toc387008519][bookmark: _Toc390546143][bookmark: _Toc528352964]4.5.8		Study cards and diary cards
Study subjects’ legal guardians were given a study card with the address and 24 hour telephone number of the research team and were encouraged to keep it with them for seven days. This was proof of their participation in the trial and provided details that they, or other physicians, could use to get more information in the event of an emergency situation. Each family was told to immediately inform the investigator of any signs or symptoms they perceived to be serious following the procedure. 
A diary card was provided and they were asked to record any medical problems, so called adverse events, for a total of seven days as this was the period in which symptoms could be considered related to the study procedures.  Families were encouraged to record any symptoms even if they did not deem them relevant, enabling the research team to assess causality. Day 1 was the study day and not Day 0 as was used in the EPISTREP study (Chapter 3) as this had caused some confusion when completing the diaries.
Diary cards were to be returned in the provided stamped addressed envelope at the end of this assessment period. If nothing had been received one month from participation in the study, a telephone call was made to remind families to return them. The PI was to investigate causality in the event of any adverse events and any incidents would be followed up until they resolved. 

[bookmark: _Toc387008520][bookmark: _Toc390546144][bookmark: _Toc528352965]4.5.9		Adverse events
An AE was defined as any untoward medical occurrence in a subject temporally associated with a study procedure. An SAE was any untoward medical occurrence that required hospitalisation or a prolongation of hospitalisation, caused disability or incapacity, was life threatening or resulted in death. 
Solicited AEs were AEs that would be considered expected given the interventions involved and were therefore discussed during the consent process. They included fever, cough without blood and haemoptysis. Any other AEs would be termed unsolicited AEs. Post study AEs occurring after seven days would not be sought but if became known would be assessed and recorded if the event could be reasonably related to the study.
In the event of AEs and SAEs, an assessment of causality would be made in light of the patient’s medical history, concomitant medication and other procedures being performed as determined from their eCRF. All events would be followed up and their outcomes determined where possible. All information relating to SAEs and AEs would be recorded in the eCRF.

[bookmark: _Toc387008521][bookmark: _Toc390546145][bookmark: _Toc528352966]4.5.10		Subject completion and withdrawal
A subject for whom at least one bronchial brushing sample had been collected was considered to have completed the study.
A subject was considered to have withdrawn from the study when no brushing sample had been collected. Information relevant to the withdrawal would be documented in the eCRF and all data collected until their withdrawal would be used for analysis but no follow up would take place. Withdrawn participants would be replaced by other subjects to achieve the target number of subjects. 

[bookmark: _Toc387008522][bookmark: _Toc390546146][bookmark: _Toc528352967]4.5.11	Monitoring and audit
Monitoring and audit were permitted by the relevant authorities, including the Research and Ethics Committee and the MHRA in accordance with the Monitoring Standard Operating Procedures of the Clinical Research Support Unit. 

[bookmark: _Toc387008523][bookmark: _Toc390546147][bookmark: _Toc528352968]4.5.12	Finance and indemnity
This was an NHS sponsored study and participants did not receive payment. In the event of negligent harm during the study when the NHS body owes a duty of care to the person harmed, NHS Indemnity would cover NHS staff, medical academic staff with honorary contracts and those conducting the study.  NHS Indemnity does not offer a ‘no fault’ compensation and would not agree in advance to pay compensation for non-negligent harm.  Ex-gratia payments may be considered in the case of a claim.

[bookmark: _Toc387008524][bookmark: _Toc390546148][bookmark: _Toc528352969]4.5.13	Clinical study procedures
Figure 23 shows a summary of the clinical procedures performed during the Bronchial Brushings study. 
[image: ]

[bookmark: _Toc402044377][bookmark: _Toc387008525][bookmark: _Toc390546149]Figure 23: Clinical procedures in the Bronchial Brushings study

[bookmark: _Toc528352970]4.5.14	Demographic details and medical history
The following information was collected from all subjects:
· Gender
· Date of birth
· Number of weeks since last antibiotic course
· Breastfeeding 
· Atopy: specifically enquiring about asthma, eczema and seasonal rhinitis (asthma was an exclusion criteria for all controls and also for cases if not occurring in isolation).
· Family history of atopy 
· Household smoking 

In addition, all cases were asked about their respiratory diagnosis, whether they had a cough currently and if they had any other chronic respiratory symptoms such as wheeze. 
The reason for the general anaesthetic was recorded for all the controls. 
During the EPISTREP study (Chapter 3), information relating to antibiotic usage was unreliable as parental recall of the number and name of antibiotics taken was difficult. As children can be prescribed medication by many different sources there is not a central record listing all antibiotics accurately. The timing of the last antibiotic course was the most easily remembered and therefore the most accurate detail and therefore this was recorded.

[bookmark: _Toc387008526][bookmark: _Toc390546150][bookmark: _Toc528352971]4.5.15  	Bronchial brushings
Bronchial brushings are not used for clinical or research purposes in SCH. The study team was trained in Alder Hey Hospital, a centre that routinely uses this technique for research (151). 

[bookmark: _Toc387008527][bookmark: _Toc390546151][bookmark: _Toc528352972]4.5.15.1	Olympus cytology brushes
[image: ]An Olympus (Tokoyo, Japan) cytology brush (BC-202D-2010) was used for all the bronchial brushings in this study (Figure 24). This is a disposable brush, 10.0mm in length, with a total diameter of 2.0mm and a bristle diameter of 0.064mm on the end of a 115cm control wire. It has a sheath that covers the brush but can be retracted via a mechanism manoeuvered at the operator’s end. With the sheath in situ the brush was too wide for its safe use down a 2.8mm bronchoscope, the size most commonly used in this study. The brush was therefore unsheathed and used directly into the bronchoscope for all the subjects regardless of the size of bronchoscope being used.






[bookmark: _Toc402044378][bookmark: _Toc387008528][bookmark: _Toc390546152]Figure 24: Olympus cytology brush

[bookmark: _Toc528352973]4.5.15.2  	Cases
Blind brushing
Immediately after the induction of anaesthesia and prior to the elective bronchoscopy, the unsheathed cytology brush was inserted into the ET tube. It was slowly advanced until resistance was felt and it was gently retracted and advanced by about a centimetre, three times. The brush was removed from the ET tube, placed into a universal container and the shaft was cut with sterile wire cutters to remove the brush. 

Non-blind brushing
The bronchoscopy was performed and prior to BAL the non-blind brushing was taken. The most abnormal site, usually the area with most secretions, was chosen as the place to be sampled. In the event that the lower airways looked normal, the right middle lobe was always brushed. The brushing was taken as previously described and in all patients the non-blind brushing was done at the same site as the BAL. All samples were put into a bag containing cooling blocks at 4C and transferred to a -80°C freezer for storage.

[bookmark: _Toc387008529][bookmark: _Toc390546153][bookmark: _Toc528352974]4.5.15.3  	Controls
Two blind brushings were taken after the induction of anaesthesia and before any surgical intervention using the method as described for the cases.

[bookmark: _Toc387008530][bookmark: _Toc390546154][bookmark: _Toc528352975]4.5.15.4  	Bronchoscope brush control samples
In addition to the subject samples, ten bronchoscope brushings were taken as equipment controls. Bronchoscopes are cleaned at high temperatures but cannot enter an autoclave as this would damage the fibre optics. They are left to air dry. Although they are clean they are not considered sterile, and this could impact on studies using 16S rRNA analysis given its sensitivity. A sample was taken from ten bronchoscopes prior to their use in enrolled patients to determine whether results could be attributed to existing bacteria in the bronchoscope.
Samples were taken before the bronchoscope entered the patient. The cytology brush was unsheathed and inserted into the bronchoscope until the brush emerged from the end. It was then pulled back through the scope and the end cut with sterile scissors into a universal container. It was put into a bag containing cooling blocks at 4C and transferred to a -80°C freezer for storage.

[bookmark: _Toc387008531][bookmark: _Toc390546155][bookmark: _Toc528352976]4.5.16  	Bronchoalveolar lavage
BAL samples were taken from cases as part of their clinical assessment. BALs were not performed in controls; their sampling was restricted to two blind brushings. 
BALs from cases were sent to the laboratories in SCH and the following tests were performed as planned aside from the study for clinical purposes:
· Leucocyte differential
· Microscopy and culture
· Viral PCR
· Fungal culture
· Lipid laden macrophage index (LLMI)

[bookmark: _Toc387008532][bookmark: _Toc390546156][bookmark: _Toc528352977]4.5.17  	Maternal nasal and oropharyngeal swabs
Consenting mothers of enrolled children two years and younger in either arm of the study had nasal and oropharyngeal swabs taken prior to their child’s procedure (Figure 25). Nasal swabs were taken with sterile swabs inserted into one nare and rotated three times. Oropharyngeal swabs were taken with a sterile swab inserted into the mouth whilst the patient said ‘ahhh’ in order to depress the tongue. The tonsillar bed was swabbed and then removed carefully in order to avoid the tongue and the oral mucosa. The end of each swab was placed into a universal container and cut with sterile scissors. They were then put into a bag containing cooling blocks at 4C and transferred to a -80°C freezer for storage. 
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[bookmark: _Toc402044379][bookmark: _Toc387008533][bookmark: _Toc390546157]Figure 215: Study procedures in mothers participating in the Bronchial Brushings study

[bookmark: _Toc528352978]4.5.18	Laboratory procedures
[bookmark: _Toc387008534][bookmark: _Toc390546158][bookmark: _Toc528352979]4.5.18.1  	Samples for analysis
16S rRNA gene analysis was performed using DNA extraction, qPCR and DNA sequencing. Case and control bronchial brushings, maternal nasal and oropharygeal swabs, bronchoscopy control brushings, PCR negative controls, kit extraction controls and mock communities (sequencing positive controls consisting of both known respiratory bacteria as well as those not expected to be present within the lungs) were analysed. Bacteria were identified by comparing the sequences generated with data from the Ribosomal Database Project (RDP) classifier. 
Species, termed OTUs, were considered alike if they showed a 97% threshold of sequence similarity within the V4 region of the 16S rRNA gene being sequenced. Samples were analysed for dominant OTUs and overall diversity, a measure of the number and distribution of species in a given sample. 

[bookmark: _Toc387008535][bookmark: _Toc390546159][bookmark: _Toc528352980]4.5.18.2  	DNA extraction
Brushes and swabs were randomised and DNA was extracted using the MPBio FastDNA spin kit for soil components. Each sample (brush or swab) was resuspended in 978μl Sodium Phosphate Buffer in a Lysing Matrix E tube. 122μl of MT buffer was added to each sample prior to homogenisation using the Precellys-24 at 6000-2x30-005 for 2 minutes. Tubes were then centrifuged at 14000 rpm for ten minutes to pellet the debris. The supernatant was transferred into a sterile 1.5ml microcentrifuge tube. 
When extracting from swabs, after the initial homogenisation and centrifugation step, the swab was aseptically transferred into a sterile spin basket in a 1.5ml microcentrifuge tube and centrifuged again at 14000 rpm for 1 minute to remove any excess fluid.  The excess fluid was combined with the supernatant obtained from the initial homogenisation and centrifugation.
Next, each sample’s supernatant was combined with 250μl Protein Precipitation Solution and the tube inverted ten times and then centrifuged at 14000 rpm for five minutes. The supernatant was removed and added to a 15ml falcon tube containing 1ml Binding Matrix suspension. This was placed on a rotator platform for 20 minutes and then left to settle for three minutes before 800μl of the clear supernatant was discarded. 
The Binding Matrix was resuspended in the remaining liquid and 600μl transferred to a spin tube prior to centrifuging at 14000 rpm for one minute. This was repeated three times until the remaining Binding Matrix had been through the spin column. The pellet was washed with 500μl of SEWS-M solution by gently resuspending the pellet and then spinning at 14000 rpm for one minute. The flow through was discarded and the tube was spun for a further two minutes after which it was left to air-dry for one minute.  The Binding Matrix was then resuspended in 100μl of low EDTA TE buffer and incubated at 55°C in a heat block for five minutes. The tube was then centrifuged at 14000 rpm for one minute and the eluted DNA recovered and then stored at -80°C until required.

[bookmark: _Toc387008536][bookmark: _Toc390546160][bookmark: _Toc528352981]4.5.18.3  	Quantitative PCR
Quantitative PCR was performed using the ViiA 7 Real-time PCR system (Life Technologies, Carlsbad, USA) and the SYBR Fast qPCR Master mix (KAPA Biosystems, Basel, Switzerland). The V4 region of the 16S rRNA gene was targeted using the primers 520F, 5’- AYTGGGYDTAAAGNG and 820R, 5’-TACNVGGGTATCTAATCC (152). All reactions were performed in triplicate and included standards and non-template controls. Standards were generated from near full-length cloned 16S rRNA gene of Vibrio natregens. 
Plasmids were quantified fluorescently using a Quant-iT PicoGreen dsDNA Assay kit (Promega, Madison, USA) and samples were serially diluted ten fold to form standards ranging from 1x108 to 1x104 to calculate concentrations. 
Reactions consisted of 7.5μl of SYBR Fast qPCR Master mix, 0.3μl of 10μM dilutions primers and 1.9μl of nuclease free PCR water (CAMBIO, Linköping, Sweden). Template DNA was diluted 1:5 and 5μl was added to each reaction. Cycling conditions were: 
· 90°C for three minutes 
Followed by 40 cycles of
· 95°C for 20 seconds
· 50°C for 30 seconds
· 72°C for 30 seconds
Melt curves were run as default from 60 to 95°C, over 15 minutes. Copy numbers per μl of each sample were extrapolated from the cycle threshold                                                                                                    using the ViiA7 software.

[bookmark: _Toc387008537][bookmark: _Toc390546161][bookmark: _Toc528352982]4.5.18.4  	DNA sequencing
Ilumina Miseq, a next generation sequencer, was used for sequencing, utilising barcoded primers. This was chosen as it is able to multiplex and quickly reads short sequences although it is limited by only being able to read to genus level. Post sequencing analysis was carried out using Quantitative Insights in Microbial Ecology (QIIME) Version 1.9.0 (153) and taxonomic identification was carried out using the RDP classifier. 
DNA sequencing was performed by Dr Leah Cuthbertson as part of Professor Moffatt and Professor Cookson’s team at the National Heart and Lung Institute, Imperial College, London. Full details of the DNA sequencing and sequence processing are provided in the Appendix. 

[bookmark: _Toc387008538][bookmark: _Toc390546162][bookmark: _Toc528352983]4.5.19	Statistics
All statistical analyses were carried out using R Version 3.2.2. Primary analysis and pre-processing was carried out in Phyloseq (154). Non-parametric Wilcoxon sign ranked tests were used to test significant differences between means. Indicator species analysis was used to identify OTUs significantly associated with PBB or control groups. 
Alpha and beta diversity were measured. Alpha diversity, the measure of diversity within a single sample, was analysed in four ways; Richness (the observed number of species), Evenness (how close in number each species in a sample is to each other), Shannon-Weiner Index (diversity with a bias towards rare organisms) and Simpson’s Reciprocal Index (diversity with a bias towards the more dominant organisms). Beta diversity, the measure of diversity between samples, was analysed by species and abundance and by dissimilarity using the Bray-Curtis dissimilarity measure. 

[bookmark: _Toc387008539][bookmark: _Toc390546163][bookmark: _Toc528352984]4.6		Results
[bookmark: _Toc387008540][bookmark: _Toc390546164][bookmark: _Toc528352985]4.6.1		Recruitment
Recruitment took place from January 2014 to June 2014 in SCH. All paediatric respiratory consultants, surgeons and anaesthetists approached about this study agreed for their patients to be recruited. 

[bookmark: _Toc387008541][bookmark: _Toc390546165][bookmark: _Toc528352986]4.6.1.1	Case recruitment
50 paediatric respiratory patients having a bronchoscopy were identified from SCH’s electronic theatre list system, Bluespier, and were sent information leaflets. 33/50 (66%) were eligible and 24/50 (48%) consented to take part in the study (Figure 26). 1/50 (2%) was eligible but refused to take part. 8/50 (16%) could not participate either because their procedure was cancelled or they did not attend their appointment. In all cases of cancellation this was due to no inpatient bed being available for the intravenous antibiotics planned after the bronchoscopy (Figure 27). 
No children were having a bronchoscopy with a sole diagnosis of asthma and no asthmatic patients were found when recruiting controls, therefore the only disease group studied was PBB. 
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[bookmark: _Toc402044380]Figure 226: Case recruitment in the Bronchial Brushings study
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[bookmark: _Toc402044381][bookmark: _Toc387008542][bookmark: _Toc390546166]Figure 237: Reasons why 26 patients were not recruited to the case arm of the Bronchial Brushings study

[bookmark: _Toc528352987]4.6.1.2	Control recruitment
A significant number of lists were screened for potentially eligible patients. Children were contacted based on the likelihood that they would be ‘healthy’ (complex surgery was therefore avoided), they would be having an ET tube (based on the type of surgery), that there would be multiple potentially eligible patients within the same lists and that the anaesthetists and surgeons were happy to have their patients recruited.  62 patients were sent information sheets and 37/62 (59.7%) were eligible to take part (Figure 28). 21/37 (56.8%) of those eligible consented to the study, 10/37 (27.0%) refused and 6/37 (16.2%) had their procedure cancelled because of a lack of inpatients beds (Figure 29). Many more children were likely not to be eligible than those contacted but were excluded on the available clinical details.
[image: ]
[bookmark: _Toc402044382]Figure 248: Control recruitment to the Bronchial Brushings study

[image: ]
[bookmark: _Toc402044383]Figure 29: Reasons why 41 patients were not recruited to the control arm of the Bronchial Brushings study
[bookmark: _Toc387008543][bookmark: _Toc390546167][bookmark: _Toc528352988]4.6.1.3	Maternal recruitment
There were 16 recruited children aged two years or younger whose mothers were eligible for recruitment. All consented to take part, 11/16 (68.8%) from the case arm and 5/16 (31.3%) from the control arm

[bookmark: _Toc387008544][bookmark: _Toc390546168][bookmark: _Toc528352989]4.6.2		Demographic data
Demographic details were collected from all children who consented to the study (Table 9). Atopy in patients refers to eczema, seasonal rhinitis and allergy and does not include asthma as this was an exclusion criteria for both the cases with PBB and the controls. A family history of atopy, however, refers to all atopic conditions including asthma.










	
	Cases (n=24)
	Controls (n=21)
	p value

	
Gender: n (%)
	Male
	10 (41.7)
	12 (57.1)
	0.3

	
	Female
	14 (58.3)
	9 (42.9)
	

	
Age (months)
	Range
	10-108
	11-180
	0.06

	
	Median
	36
	60
	

	Current cough
	n (%)
	24 (100)

	0
	

	Wheeze
	n (%)
	9 (37.5)
	0
	

	Time since last antibiotics (weeks)
	Range
	1-24
	4-208
	<0.00001

	
	Median
	6
	24
	

	Ever breastfed
	n (%)
	10 (41.7)
	10 (47.6)
	0.688

	Atopy
	n (%)
	13 (54.2)
	0
	

	Family history of atopy
	n (%)
	12 (50)
	2 (9.5)
	0.001

	

Household smoking
n (%)
	1 in house
	2 (8.3)
	7 (33.3)
	0.371

	
	2 in house
	2 (8.3)
	4 (19.0)
	0.302

	
	Non-smoking
	18 (75)
	10 (47.6)
	0.059


[bookmark: _Toc390551155][bookmark: _Toc390551295][bookmark: _Toc390551331]
Table 9: Demographic data from the cases and controls

All controls were gastroenterology patients from endoscopy theatre lists. Gastroenterology lists were exclusively used as they provided a maximum number of patients at one time who were often free of co-morbidity as demonstrated during our recruitment for the EPISTREP study (Chapter 3). By concentrating on one specialty and specific theatre lists we were able to minimise disruption as the staff knew what was involved and could assist in the procedures efficiently and effectively.
[bookmark: _Toc387008545][bookmark: _Toc390546169][bookmark: _Toc528352990]4.6.3		Diary cards
21/45 (46.7%) of all participants’ diary cards were completed; 11/24 (45.8%) of the cases and 10/21 (47.6%) of the controls. The cards were fully completed i.e. had at least one entry for each of days one to seven, in 17/45 (37.8%). Diary cards were returned within a month in 13/45 (28.9%) and a further 8/45 (17.8%) returned them following a reminder via telephone. 
6/11 (54.5%) of the cases returning diary cards reported fever occurring only on day one, the day of their procedure. All cases reported cough at some point in the seven days post procedure and no one had haemoptysis. One case had a very sore throat and coryzal symptoms and was diagnosed with a viral URTI by their GP. 
Two of the controls had a cough and three had a sore throat on the day of the procedure. No one was symptomatic on day two, the day after their anaesthetic, or beyond. 
There were no serious adverse events recorded by either the cases or the controls.

[bookmark: _Toc387008546][bookmark: _Toc390546170][bookmark: _Toc528352991]4.6.4		Mothers 
16 mothers were recruited and a nasal and an oropharyngeal swab were taken from each. We documented whether they were current smokers and if they had ever breastfed the child recruited to the study (Table 10). 




	
	n (%)

	Nasal swab
	16 (100)

	Throat swab
	16 (100)

	Mother of case
	11 (68.8)

	Mother of control
	5 (31.3)

	Current smoker
	0

	Had breastfed 
enrolled child
	Case
	5 (62.5)

	
	Control
	3 (37.5)



[bookmark: _Toc390551156][bookmark: _Toc390551296][bookmark: _Toc390551332][bookmark: _Toc528353049][bookmark: _Toc528353061]Table 10: Demographic details of the participant mothers in the Bronchial Brushings study

[bookmark: _Toc387008547][bookmark: _Toc390546171][bookmark: _Toc528352992]4.6.5		Bronchoscopy
BAL was performed as per routine practice in all the cases (n = 24) and was analysed in SCH. Controls did not undergo bronchoscopy and therefore did not have a BAL.

[bookmark: _Toc387008548][bookmark: _Toc390546172][bookmark: _Toc528352993]4.6.5.1	Site of bronchoalveolar lavage and non-blind brushing
The site of the non-blind brush and BAL always correlated as the brushing was performed in the area of most pathology; in most cases this was the area of most secretions (Figure 30). 
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[bookmark: _Toc402044384]Figure 250: Site of BAL and non-blind bronchial brushings in the cases RUL: Right upper lobe; RML: Right middle lobe; RLL: Right lower lobe. LUL: Left upper lobe; LLL: Left lower lobe

BALs and non-blind brushings were taken from the RML in seven children. RML sampling was intended to be the default sampling area if the study was normal but all bronchoscopies had abnormal findings and so the BAL site indicates the area of most abnormality in all patients.

[bookmark: _Toc387008549][bookmark: _Toc390546173][bookmark: _Toc528352994]4.6.5.2	Standard bacterial culture
BAL was taken after the non-blind brushing in all the cases and analysed using standard microbiological culture in SCH (Figure 31). Results are reported as light, moderate or heavy growth and growth is not reported if deemed clinically insignificant. As this is a subjective measure only the presence or absence of bacteria has been studied as usually in clinical practice the majority of growth, if accompanied by symptoms, as is the case in this population, would be used to guide treatment. 
Bacterial culture was not done for one child.
17/24 (70.8%) grew H. influenzae, 7/24 (29.2%) S. pneumoniae and 3/24 (12.5%) grew M. catarrhalis. 9/24 (37.5%) had a bacterial co-infection. 3/24 (12.5%) of those with chronic cough had a negative bacterial culture. 








[bookmark: _Toc402044385][bookmark: _Toc387008550][bookmark: _Toc390546174]Figure 261: Bacterial isolates from the BALs of cases

[bookmark: _Toc528352995]4.6.5.3	Respiratory viruses
PCR for respiratory viruses was performed on all but one of BALs. 18/24 (75.0%) were positive for a virus and 3/24 (12.5%) had a viral co-infection. Of the 3 patients whose BAL was negative for bacteria, all had a positive viral PCR: one adenovirus, one rhinovirus and an adenovirus and rhinovirus co-infection (Figure 32).	Comment by Ian Craven: Insert figure
Adeno – 8, Rhino – 8, Metapneumo 2, RSV 1, corona 1 Neg 5 paraflu 1








[bookmark: _Toc402044386]Figure 272: Viral PCR results from the BALs of cases

[bookmark: _Toc387008551][bookmark: _Toc390546175][bookmark: _Toc528352996]4.6.5.4	Lipid laden macrophage index 
LLMI is a subjective laboratory measure. It is calculated by staining cells from a BAL with Oil-Red-O which binds to intracellular lipid. 100 alveolar macrophages are analysed and the amount of Oil-Red-O particles is assigned to each macrophage with a grading system from 0 (no opacification) to 4 (total opacification). The sum of the scores yields the LLMI.
 In SCH results are reported without a reference range although the following is the interpretation consensus among SCH respiratory paediatricians:
· 0-49: 		Normal
· 50-65: 		Borderline high
· 66-100: 		High
· >100: 		Very high
Only BALs from the cases were analysed for LLMI (Figure 33). 2/24 (8.3%) samples were not processed. 








[bookmark: _Toc402044387]Figure 283: LLMI from the BALs of cases

[bookmark: _Toc387008552][bookmark: _Toc390546176][bookmark: _Toc528352997]4.6.5.5	Fungal culture
Fungal culture was performed on all but one of the BAL samples from the cases. Two grew scanty Candida albicans and the remaining samples were negative.

[bookmark: _Toc387008553][bookmark: _Toc390546177][bookmark: _Toc528352998]4.6.5.6	Bronchoscopy findings
The bronchoscopies of children with PBB were carried out by one of five respiratory paediatricians. Each report comments on the quantity of secretions and in some cases the degree of malacia seen but these findings are subjective and thus difficult to compare so their quantification has not been studied.  No bronchoscopy was entirely normal, with some degree of increased secretions being seen in all studies.  
5/24 (20.8%) had tracheomalacia, 3/24 (12.5%) tracheobronchomalacia and 1/24 (4.2%) had mild subglottic stenosis. All five cases of tracheomalacia were positive for a virus and four cultured bacteria; the negative BAL had a viral co-infection of adenovirus and rhinovirus. All three cases with tracheobronchomalacia were positive for bacteria and two were positive for virus. Bacterial culture or viral PCRs were not performed on the BAL from the case with subglottic stenosis. 

[bookmark: _Toc387008554][bookmark: _Toc390546178][bookmark: _Toc528352999]4.6.6		Laboratory results
[bookmark: _Toc387008555][bookmark: _Toc390546179][bookmark: _Toc528353000]4.6.6.1	Copy numbers of samples after quantitative PCR
Copy numbers per μl of each sample were extrapolated from the cycle threshold using the ViiA7 software (Table 10). The cycle threshold is the predetermined point above which the signal exceeds what is deemed background fluorescence and is therefore the level above which real signal from our samples could be measured. 

	Code
	Barcode sequence
	qPCR (g/l)
	Sample type
	Disease

	BB29
	CGAGGCTGTATCCTCT
	44269.75
	Blind brush
	Cough

	BB7
	AAGAGGCAAAGGAGTA
	571169.22
	Blind brush
	Cough

	BB2.16
	TCCTGAGCAGAGTAGA
	14084.21
	Blind brush
	Control

	9BB2
	CGTACTAGCTAAGCCT
	21083.04
	Blind brush
	Control

	BB1.20
	CTCTCTACAAGGAGTA
	84305.83
	Blind brush
	Control

	BB3
	CTCTCTACGTAAGGAG
	40575.67
	Blind brush
	Cough

	12BB1
	GCTACGCTTATCCTCT
	214906.16
	Blind brush
	Control

	BB2.20
	CGTACTAGAAGGAGTA
	603084.31
	Blind brush
	Control

	BB.32
	GTAGAGGAAAGGAGTA
	2670724.92
	Blind brush
	Cough

	MN34
	TAGGCATGAGAGTAGA
	188.71
	Nose swab
	Mother

	BB1.14
	TAGGCATGCTAAGCCT
	Not detected
	Blind brush
	Cough

	Code
	Barcode sequence
	qPCR (g/l)
	Sample type
	Disease

	BB39
	TAGGCATGAAGGAGTA
	90312.63
	Blind brush
	Cough

	36NBB
	CGTACTAGGTAAGGAG
	158025.79
	Non-blind brush
	Cough

	BB28
	CAGAGAGGACTGCATA
	72306.55
	Blind brush
	Cough

	21BB
	AGGCAGAAGTAAGGAG
	29219.31
	Blind brush
	Cough

	BB1.27
	GCTACGCTCTCTCTAT
	64525.98
	Blind brush
	Control

	BB1.16
	GTAGAGGAAGAGTAGA
	852267.69
	Blind brush
	Control

	11BB
	TCCTGAGCGTAAGGAG
	1334.62
	Blind brush
	Cough

	NBB26
	CGAGGCTGGTAAGGAG
	14636.99
	Non-blind brush
	Cough

	BB36
	TAGGCATGCTCTCTAT
	33049.81
	Blind brush
	Cough

	B2.27
	TAAGGCGATATCCTCT
	23257.67
	Blind brush
	Control

	6BB
	CTCTCTACCTCTCTAT
	365285.34
	Blind brush
	Cough

	8BB
	AAGAGGCAGTAAGGAG
	69200.09
	Blind brush
	Cough

	BB1.16
	CAGAGAGGAAGGAGTA
	50470.87
	Blind brush
	Cough

	17NBB
	AGGCAGAAGTAAGGAG
	10683.78
	Non-blind brush
	Cough

	MT39
	TAGGCATGGTAAGGAG
	82558.06
	Throat swab
	Mother

	1MN
	TCCTGAGCCTCTCTAT
	Not detected
	Nose swab
	Mother

	20BB2
	CGAGGCTGAAGGAGTA
	86748.81
	Blind brush
	Control

	20BB2
	CGAGGCTGCTAAGCCT
	86748.81
	Blind brush
	Control

	22BB1
	GGACTCCTGTAAGGAG
	33729.39
	Blind brush
	Control

	MT29
	TAAGGCGAACTGCATA
	111843.72
	Throat swab
	Mother

	24BB1
	TAAGGCGAAAGGAGTA
	17314.76
	Blind brush
	Control

	24BB1
	TAAGGCGACTAAGCCT
	17314.76
	Blind brush
	Control

	24BB2
	GGACTCCTAGAGTAGA
	2647.61
	Blind brush
	Control

	24MT
	GGACTCCTAAGGAGTA
	21299.04
	Throat swab
	Mother

	24MT
	GGACTCCTCTAAGCCT
	21299.04
	Throat swab
	Mother

	MT27
	CAGAGAGGAGAGTAGA
	54180.43
	Throat swab
	Mother

	7NBB
	GGACTCCTACTGCATA
	120566.03
	Non-blind brush
	Cough

	1MT
	GGACTCCTCTAAGCCT
	Not detected
	Throat swab
	Mother

	33NBB
	GCTACGCTCTCTCTAT
	171.76
	Non-blind brush
	Cough

	2NBB
	CGAGGCTGAGAGTAGA
	85.13
	Non-blind brush
	Cough

	Code
	Barcode sequence
	qPCR (g/l)
	Sample type
	Disease

	MT3
	AGGCAGAAACTGCATA
	116093.98
	Throat swab
	Mother

	3MN
	AAGAGGCATATCCTCT
	263.57
	Nose swab
	Mother

	MT37
	TCCTGAGCAAGGAGTA
	229396.82
	Throat swab
	Mother

	45BB1
	CGTACTAGAAGGAGTA
	13225.69
	Blind brush
	Control

	45BB1
	CGTACTAGCTAAGCCT
	13225.69
	Blind brush
	Control

	14MT
	CTCTCTACCTAAGCCT
	5576416.50
	Throat swab
	Mother

	BB1.31
	TAGGCATGTATCCTCT
	38617.24
	Blind brush
	Control

	4BB
	GCTACGCTAAGGAGTA
	24129.00
	Blind brush
	Cough

	4BB
	GCTACGCTCTAAGCCT
	24129.00
	Blind brush
	Cough

	3NBB
	AAGAGGCACTCTCTAT
	31862.25
	Non-blind brush
	Cough

	MT18
	CAGAGAGGCTAAGCCT
	6585404.25
	Throat swab
	Mother

	MN37
	TCCTGAGCCTCTCTAT
	23231.57
	Nose swab
	Mother

	5MT
	GCTACGCTCTAAGCCT
	12338944.33
	Throat swab
	Mother

	NBB39
	GCTACGCTACTGCATA
	173631.26
	Non-blind brush
	Cough

	BB2.18
	CAGAGAGGGTAAGGAG
	84377.22
	Blind brush
	Control

	8NBB
	TCCTGAGCTATCCTCT
	35614.72
	Non-blind brush
	Cough

	NBB21
	GCTACGCTAGAGTAGA
	55320.18
	Non-blind brush
	Cough

	NBB30
	AGGCAGAACTAAGCCT
	1022647.58
	Non-blind brush
	Cough

	5BB
	CGAGGCTGAGAGTAGA
	6737.04
	Blind brush
	Cough

	5MN
	GCTACGCTAGAGTAGA
	5349.36
	Nose swab
	Mother

	MN39
	TAGGCATGACTGCATA
	141138.61
	Nose swab
	Mother

	NBB37
	GGACTCCTAAGGAGTA
	242706.25
	Non-blind brush
	Cough

	MN36
	CGAGGCTGACTGCATA
	178538.02
	Nose swab
	Mother

	BB43
	CGTACTAGACTGCATA
	114470.63
	Blind brush
	Cough

	5NBB
	CAGAGAGGTATCCTCT
	39387.63
	Non-blind brush
	Cough

	MT26
	CGAGGCTGCTAAGCCT
	35172052.00
	Throat swab
	Mother

	14NBB
	TCCTGAGCCTAAGCCT
	1563485.63
	Non-blind brush
	Cough

	BB1.23
	AGGCAGAAAGAGTAGA
	148459.05
	Blind brush
	Control

	17BB
	CTCTCTACACTGCATA
	49747.66
	Blind brush
	Cough

	BB2.40
	GTAGAGGACTCTCTAT
	32518.57
	Blind brush
	Control

	Code
	Barcode sequence
	qPCR (g/l)
	Sample type
	Disease

	NBB28
	TCCTGAGCACTGCATA
	120264.69
	Non-blind brush
	Cough

	BB1.18
	AAGAGGCAACTGCATA
	189553.15
	Blind brush
	Control

	BB30
	TAAGGCGAAAGGAGTA
	209900.83
	Blind brush
	Cough

	35BB1
	GGACTCCTAGAGTAGA
	50483.40
	Blind brush
	Control

	35BB2
	CTCTCTACTATCCTCT
	39330.19
	Blind brush
	Control

	BB1.41
	CGAGGCTGCTCTCTAT
	31212.82
	Blind brush
	Control

	23BB2
	CGTACTAGAGAGTAGA
	49622.47
	Blind brush
	Control

	2BB
	CGAGGCTGAAGGAGTA
	425378.14
	Blind brush
	Cough

	BB2.25
	GTAGAGGATATCCTCT
	46354.83
	Blind brush
	Control

	BB1.9
	TAAGGCGACTAAGCCT
	608105.15
	Blind brush
	Control

	NBB4
	AAGAGGCAAGAGTAGA
	63943.23
	Non-blind brush
	Cough

	13BB1
	TAAGGCGAGTAAGGAG
	66236.11
	Blind brush
	Control

	6NBB
	CAGAGAGGCTCTCTAT
	26201.02
	Non-blind brush
	Cough

	BB2.42
	GTAGAGGAGTAAGGAG
	92091.93
	Blind brush
	Cough

	BB1.16
	CTCTCTACAGAGTAGA
	52756.64
	Blind brush
	Control

	BB238
	TCCTGAGCGTAAGGAG
	72775.66
	Blind brush
	Control

	NBB43
	GCTACGCTGTAAGGAG
	51392.32
	Non-blind brush
	Cough

	BB37
	AGGCAGAAAAGGAGTA
	219282.81
	Blind brush
	Cough

	BB1.25
	AGGCAGAATATCCTCT
	34209.98
	Blind brush
	Control

	BB2.13
	TAAGGCGAAGAGTAGA
	46825.40
	Blind brush
	Control

	20BB1
	GTAGAGGAACTGCATA
	195068.41
	Blind brush
	Control

	B1.11
	GGACTCCTGTAAGGAG
	79494.47
	Non-blind brush
	Cough

	10BB1
	AAGAGGCATATCCTCT
	44633.87
	Blind brush
	Control

	1NBB
	GCTACGCTAAGGAGTA
	388412.20
	Non-blind brush
	Cough

	BB33
	GGACTCCTTATCCTCT
	38613.31
	Blind brush
	Cough

	9MT
	GTAGAGGATATCCTCT
	Not detected
	Throat swab
	Mother

	BB1.38
	TCCTGAGCAAGGAGTA
	361035.17
	Blind brush
	Control

	BB1.38
	TCCTGAGCCTAAGCCT
	361035.17
	Blind brush
	Control

	BB1.40
	TAGGCATGAGAGTAGA
	3446.35
	Blind brush
	Control

	BB1.41
	CAGAGAGGTATCCTCT
	25782.18
	Blind brush
	Control

	Code
	Barcode sequence
	qPCR (g/l)
	Sample type
	Disease

	BB2.22
	TAAGGCGAGTAAGGAG
	129.36
	Blind brush
	Control

	BB231
	AGGCAGAAAAGGAGTA
	19241.28
	Blind brush
	Control

	BB1.31
	AGGCAGAACTAAGCCT
	38617.24
	Blind brush
	Control

	BB2.45
	CTCTCTACGTAAGGAG
	88132.96
	Blind brush
	Control

	BB26
	AGGCAGAAAGAGTAGA
	6961.20
	Blind brush
	Cough

	BB34
	TCCTGAGCAGAGTAGA
	319805.36
	Blind brush
	Cough

	CB28
	GTAGAGGACTCTCTAT
	528.80
	Bronchoscopy
	Brush control

	CB29
	AGGCAGAATATCCTCT
	Not detected
	Bronchoscopy
	Brush control

	CB32
	CTCTCTACCTCTCTAT
	2526.07
	Bronchoscopy
	Brush control

	CB33
	CAGAGAGGCTCTCTAT
	Not detected
	Bronchoscopy
	Brush control

	CB34
	GCTACGCTTATCCTCT
	Not detected
	Bronchoscopy
	Brush control

	CB36
	CTCTCTACTATCCTCT
	61296.70
	Bronchoscopy
	Brush control

	CB39
	CGTACTAGTATCCTCT
	Not detected
	Bronchoscopy
	Brush control

	CB42
	TAGGCATGCTCTCTAT
	Not detected
	Bronchoscopy
	Brush control

	CB43
	TCCTGAGCTATCCTCT
	50.24
	Bronchoscopy
	Brush control

	CB37
	CAGAGAGGAAGGAGTA
	Not detected
	Bronchoscopy
	Brush control

	CB37
	CAGAGAGGCTAAGCCT
	Not detected
	Bronchoscopy
	Brush control

	KC31214
	AAGAGGCACTCTCTAT
	Not detected
	Kit control
	Kit control

	KC41214
	TAAGGCGATATCCTCT
	Not detected
	Kit control
	Kit control

	MN14
	CGTACTAGAGAGTAGA
	1563.47
	Nose swab
	Mother

	MN18
	CGTACTAGGTAAGGAG
	10665.76
	Nose swab
	Mother

	MN2
	AGGCAGAACTCTCTAT
	Not Detected
	Nose swab
	Mother

	MN34
	CGAGGCTGTATCCTCT
	51854.96
	Nose swab
	Mother

	MN25
	GTAGAGGAAGAGTAGA
	9779.18
	Nose swab
	Mother

	MN26
	TAAGGCGAAGAGTAGA
	10981.88
	Nose swab
	Mother

	MN27
	CTCTCTACAAGGAGTA
	Not detected
	Nose swab
	Mother

	MN27
	CTCTCTACCTAAGCCT
	Not detected
	Nose swab
	Mother

	MN29
	CGAGGCTGCTCTCTAT
	Not detected
	Nose swab
	Mother

	MN9
	CTCTCTACAGAGTAGA
	4268.38
	Nose swab
	Mother

	Mock
	AAGAGGCACTAAGCCT
	NA
	Mock
	NA

	Code
	Barcode sequence
	qPCR (g/l)
	Sample type
	Disease

	Mock
	AAGAGGCAAAGGAGTA
	NA
	Mock
	NA

	Mock
	AAGAGGCACTAAGCCT
	NA
	Mock
	NA

	MT2
	CAGAGAGGAGAGTAGA
	15506.14
	Throat swab
	Mother

	MT25
	AAGAGGCAAGAGTAGA
	Not detected
	Throat swab
	Mother

	MT34
	GGACTCCTTATCCTCT
	2206.05
	Throat swab
	Mother

	MT36
	TAGGCATGTATCCTCT
	2046875.88
	Throat swab
	Mother

	NBB29
	GGACTCCTCTCTCTAT
	Not detected
	Non-blind brush
	Cough

	NBB32
	TAGGCATGAAGGAGTA
	21358.31
	Non-blind brush
	Cough

	NBB32
	TAGGCATGCTAAGCCT
	21358.31
	Non-blind brush
	Cough

	NBB34
	CAGAGAGGGTAAGGAG
	4780.55
	Non-blind brush
	Cough

	NBB42
	TAGGCATGGTAAGGAG
	13989.94
	Non-blind brush
	Cough

	Neg
	GTAGAGGAAAGGAGTA
	NA
	Negative
	NA

	Neg
	GTAGAGGACTAAGCCT
	NA
	Negative
	NA

	Neg
	GTAGAGGAACTGCATA
	NA
	Negative
	NA

	Neg
	GTAGAGGACTAAGCCT
	NA
	Negative
	NA



[bookmark: _Toc390551157][bookmark: _Toc390551297][bookmark: _Toc390551333][bookmark: _Toc528353050][bookmark: _Toc528353062]Table 11: Copy numbers of samples after qPCR (BB: blind brush; BB1: first blind brush; BB2: second blind brush; NBB: non-blind brush; MN: mother’s nose swab; MT: mother’s throat swab; CB: bronchoscope control; KC: kit control; Neg: negative control.)  Numbers following sample codes indicate the patient identification numbers

[bookmark: _Toc387008556][bookmark: _Toc390546180][bookmark: _Toc528353001]4.6.6.2		16S rRNA gene sequencing
A total of 146 samples were sequenced on the Illumina MiSeq including mock communities, PCR negative controls, kit extraction controls and bronchoscopy brush controls as well as some samples that were sequenced twice if they had very low biomass and did not sequence well initially (Table 11). After quality control, 143 samples were included for further analysis, comprising of a total of 8833294 reads from 1393 distinct OTUs (61771.29 +/- 85954.18 [mean +/- SD] number of reads/OUT). Samples above the 1000 read cut off recommended by QIIME were rarefied to the minimum number of reads found in the samples; this enabled a more accurate comparison of samples as each had the same number of reads. 

	Type of sample
	Number of samples

	Case
	50

	Control
	42

	Mother
	34

	Mock community
	3

	PCR negative control
	4

	Extraction control
	2

	Bronchoscope control
	11

	Total sequenced
	146



[bookmark: _Toc390551158][bookmark: _Toc390551298][bookmark: _Toc390551334][bookmark: _Toc528353051][bookmark: _Toc528353063]Table 12:  Summary of the sample numbers (including repeats) undergoing 16S rRNA sequencing

[bookmark: _Toc387008557][bookmark: _Toc390546181][bookmark: _Toc528353002]4.6.6.3	Contamination  
Adonis was used to investigate if there was a significant plate effect (p=<0.001, R2=0.028). Despite the significant result the R2 value is low. Removal of all OTUs associated with negative controls resulted in a reduction of R2=0.016, but the significant plate effect remained.  As a result, OTUs were not removed from analysis, however the effect of plate was accounted for in further tests.

[bookmark: _Toc387008558][bookmark: _Toc390546182][bookmark: _Toc528353003]4.6.6.4	Blind versus non-blind brush
Cases were sampled using both blind and non-blind brushings to test for potential differences in the bacterial community due to sampling method. Paired samples were sequenced and differences assessed using both alpha and beta diversity measurements. Samples were rarefied to 1067 reads. No significant difference in alpha diversity was observed between the blind and non-blind brushes using Richness (observed number of species, Z=1.843, p=0.068), Shannon-Weiner Index (bias towards rare organisms, Z=-0.017, p=1), Simpson’s Reciprocal Index (bias towards more dominant organisms, Z=0.261, p=0.812) and Evenness (closeness in number each species in a sample is to each other, Z=-0.052, p=0.973) (Figure 34). 

[image: ]
[bookmark: _Toc402044388]Figure 294: Comparison of community alpha diversity measures between blind and non-blind brushings from cases

No significant difference in community composition was observed between the different sampling methods, so-called beta diversity (R2=0.012, p=0.344). Hierarchical clustering using Bray-Curtis dissimilarity showed that the samples clustered more closely between patients than within sampling groups (Figure 35). 
[image: ../Best_BB_NBB_barplot.pdf]
[bookmark: _Toc402044389]Figure 305: Ordered bar chart using a Bray Curtis dissimilarity hierarchical cluster of the top 20 OTUs present in both the blind (BB) and non-blind (NBB) brushings. Patient numbers are indicated at the bottom of the plot and identical numbers indicate samples were taken from the same individual

[bookmark: _Toc387008559][bookmark: _Toc390546183][bookmark: _Toc528353004]4.6.6.5	PBB versus healthy controls
The bacterial community of cases was compared to healthy controls. Samples were rarefied to 1150 reads. No difference in the bacterial abundance by qPCR was observed between the controls and the cases (R2=0.021, p=0.511).  Differences in community composition were investigated using Bray-Curtis dissimilarity. Adonis showed significant differences in community composition (R2=0.082, p=0.001). Hierarchical clustering using Bray-Curtis dissimilarity showed that the bacterial community present in the controls clustered separately from the cases (Figure 36). 
[image: ]
[bookmark: _Toc402044390]Figure 316: Ordered bar chart using a Bray Curtis dissimilarity hierarchical cluster of the top 20 OTUs present in both the cases and the controls. Patient numbers are indicated at the bottom of the plot

Alpha diversity measures show that the cases have a significantly lower diversity than the healthy controls (Figure 37). This was seen across all measures with the Wilcoxon rank sum test; Richness (W=102.5, p=0.001), Shannon-Weiner Index (W=74, p=<0.001), Simpson’s Reciprocal Index (W=71, p=< 0.001) and Evenness (W=68, p=< 0.001). 

[image: ]
[bookmark: _Toc402044391]Figure 327:  Differences in bacterial diversity between cases and controls

Indicator species analysis was performed between the case and control communities. Haemophilus_3673 (p = 0.043) and Neisseria_4022 (p = 0.05) were the OTUs significantly associated with the cases. Haemophilus_3673 was a member of the top 20 most abundant OTUs observed. The control group had 35 OTUs significantly associated, nine of which were included in the top 20 most abundant OTUs. 
20/24 (83.3%) of the cases’ BALs grew organisms using standard clinical bacterial culture.  When comparing the results of 16S rRNA gene sequencing of brush samples with BAL bacterial culture, 15/24 (62.5%) cultured the organism that dominated at sequencing. The four patients that were culture negative were, by sequencing, dominated either by Moraxella, Neisseria or Haemophilus OTUs. Whilst no patient cultured Neisseria, 5/24 (20.8%) were found to be dominated by a Neisseria OTU at sequencing. 17/24 (70.8%) cultured Haemophilus influenzae, while 9/24 (52.9%) were Haemophilus dominated by sequencing. 
Moraxella was cultured from 3/24 (12.5%) BALs and in two of the three, Moraxella was the dominant organism by sequencing. Two further patients were dominated by the Moraxella OTU but did not grow it using standard culture (Figure 38). 

[image: ]
[bookmark: _Toc402044392]Figure 338: A comparison of organisms cultured from BALs and dominant OTUs from bronchial brushing sequencing in cases

[bookmark: _Toc387008560][bookmark: _Toc390546184][bookmark: _Toc528353005]4.6.6.6	Smoking
Parental smoking habits (R2=0.038, p=0.135) were not found to influence any bacterial community differences between the cases and controls.

[bookmark: _Toc387008561][bookmark: _Toc390546185][bookmark: _Toc528353006]4.6.6.7	Breastfeeding
Breastfeeding (R2=0.014, p=0.761) did not have any effect on the bacterial composition of cases compared to controls. 

[bookmark: _Toc387008562][bookmark: _Toc390546186][bookmark: _Toc528353007]4.6.6.8	Wheeze
The bacterial community was not significantly different between patients with and without symptoms of wheeze (R2=0.048, p=0.34) (Figure 39). All the children with wheeze had PBB as having chronic wheeze or a current respiratory illness was an exclusion criterion for the control group. 
[image: ]
[bookmark: _Toc402044393]Figure 39: Ordered bar chart by a Bray Curtis dissimilarity hierarchical cluster of the top 20 OTUs present in PBB patients with and without a diagnosis of wheeze
[bookmark: _Toc387008563][bookmark: _Toc390546187][bookmark: _Toc528353008]4.6.6.9	Viruses
BALs from the cases were tested for the presence of respiratory viruses with PCR. The presence of a virus (R2=0.166, p=0.167) or viral co-infection (R2=0.227, p=0.095) had no significant effect on the bacterial community composition. No respiratory viruses showed any significant effect on the bacterial community composition; rhinovirus (R2=0.057, p=0.266), RSV (R2=0.048, p=0.406), coronavirus (R2=0.027, p=0.844), human metapneumovirus (R2=0.052, p=0.314), adenovirus (R2=0.008, p=0.99), parainfluenzae (R2=0.057, p=0.259). 

[bookmark: _Toc387008564][bookmark: _Toc390546188][bookmark: _Toc528353009]4.6.6.10	Maternal samples: throat swabs versus nose swabs
Nose and throat swabs were taken from the mothers of 16 children (11 cases and five controls). To investigate if these sampling methods were comparable, samples were rarefied to 1154 reads after which non-metric multidimensional scaling (NMDS) using Bray-Curtis distance was used to investigate clustering based on bacterial community similarity. Rarefaction resulted in the removal of two samples (the throat swab from the mother of patient 25 and the nose swab from the mother of patient 29) due to low sequence numbers not reaching the rarefaction threshold. The paired samples from these patients were removed to allow paired analysis.
Throat swabs were found to cluster together while nose swabs were found to be more variable (Figure 40). The nose and throat samples from the same mother did not cluster together


[image: ../Analysis/Mother_NMDS_rarefied.pdf]
[bookmark: _Toc402044394]Figure 340: Non-metric multidimensional scaling based on Bray-Curtis dissimilarity of the throat and nose swabs of mothers

No significant difference in alpha diversity as measured by the Shannon-Weiner Index (Z=-0.44, p=0.7) or the Simpson’s Reciprocal Index (Z=-1.24, p=0.24) was observed between the nose and the throat swabs. There was, however, a significant difference in Richness (Z=2.58, p=<0.01), with throat swabs having more distinct OTUs than nose swabs. Additionally, at qPCR the bacterial abundance was significantly higher in throat swabs compared to nasal swabs (Z=2.84, p=<0.01) (Figure 41). 11% of the variation between samples was explained by the sample type (R2=0.11, p=0.02). 

[image: ../Analysis/nose_throat_paired_stacked%20bar.pdf]
[bookmark: _Toc402044395]Figure 351: Bray Curtis dissimilarity hierarchical cluster ordered bar chart of the top 20 OTUs present in both paired throat (red) and nose (blue) swabs from mothers. This excludes the throat swab from the mother of patient 25 and the nose swab from the mother of patient 29. Patient numbers are indicated at the bottom of the plot.

[bookmark: _Toc387008565][bookmark: _Toc390546189][bookmark: _Toc528353010]4.6.6.11	Bronchial brushings and maternal nose and throat swabs
The bacterial communities within the lungs of children under the age of two years, both with (n=11) and without PBB (n=5), were compared to the bacterial communities present in the nose and throat of their mothers. Samples were rarefied to 1067 reads. Neither nose or throat swabs of mothers had significantly different bacterial richness compared to that from their children’s lungs using a Wilcoxon rank sum test applied to independent samples (nose: Richness, W=111, p=0.317; throat: Richness, W=164.5, p=0.032). Significant differences in both Shannon-Weiner Index and Simpson’s Reciprocal Index for nose and throat swabs were observed between the two groups (nose: Shannon-Weiner Index, W=138, p=0.019, Simpson’s Reciprocal Index, W=138, p=0.019; throat: Shannon-Weiner Index, W=177, p=0.007, Simpson’s Reciprocal Index, W=185, p=0.002). Adonis showed there were significant differences in community composition when comparing different sampling methods, while controlling for sample family (R2=0.182, p=< =0.001), indicating that the upper respiratory tract from mothers is not comparable to the lower respiratory tract of their children.
Bray-Curtis hierarchical clustering was used to detect any patterns of similarities in community composition between mothers and their children (Figure 42). Overall the samples collected from the mothers were significantly different to those from the PBB children in all but one patient.  The bacterial communities present in the throat swab of the mother and the blind brush from the child of family 34 were found to have in common a high abundance of Streptococcus, Veillonella and Neisseria.



[image: ../Analysis/Contamination/Mother_child_stacked_final.pdf]
[bookmark: _Toc402044396]Figure 362: Bray Curtis dissimilarity hierarchical cluster ordered bar chart of the top 20 OTUs present in both the mothers of study children less than two years old and their children.  Patient numbers are indicated at the bottom of the plot. Sample type is shown by colour of bars in the bottom plot: red indicates blind brushings (BB), green indicates non-blind brushings (NBB), turquoise indicates nose swabs (NS) and purple indicates throat swabs (TS).  


[bookmark: _Toc387008566][bookmark: _Toc390546190][bookmark: _Toc528353011]4.7		Discussion
[bookmark: _Toc387008567][bookmark: _Toc390546191][bookmark: _Toc528353012]4.7.1		Recruitment
[bookmark: _Toc387008568][bookmark: _Toc390546192][bookmark: _Toc528353013]4.7.1.1	PBB recruitment
24 children with PBB were recruited, exceeding the initial target of 20. 66% of those having a bronchoscopy in the study period met the eligibility criteria, surpassing 36.9% in the EPISTREP study (Chapter 3). This is in part due to the increased age range (1 month to 17 years compared to 6 to 72 months in the EPISTREP study) and that recent antibiotics were permitted. The large number eligible also reflects the high burden of PBB in the Sheffield paediatric respiratory department as has been reported previously in Sheffield (29) and in other centres (23, 155, 156). 
Only one eligible patient refused to participate. This is a good indicator of the culture of research within SCH and was similarly found in the EPISTREP study (Chapter 3). 24.2% either had their procedure cancelled or did not attend on the day of theatre. Their slot would not be filled by other children and shows a significant waste of resources. 
Recruitment of an asthma group had to be abandoned as no children with asthma alone were having a bronchoscopy, as would be expected in the management of asthma when the diagnosis is not in dispute (26). It was thought that children with asthma would be encountered whilst recruiting for the control arm given that an estimated 1.1 million children in the UK are receiving treatment for asthma (157), but none of the potentially healthy children encountered met the asthma eligibility criteria. 

[bookmark: _Toc387008569][bookmark: _Toc390546193][bookmark: _Toc528353014]4.7.1.2	Control recruitment
59.7% of those contacted were eligible for recruitment to the control group although this does not reflect the large number of patients not approached on the basis of their type of surgery and the likelihood that they would not fulfill the criteria for recruitment. Of those who were sent information leaflets the recruitment rate was very good, with only 27% refusing. Given the invasive nature of the study this was greater than expected.

[bookmark: _Toc387008570][bookmark: _Toc390546194][bookmark: _Toc528353015]4.7.2		Demographic data
In the case group there were more girls than boys (58.3% vs 41.7%), differing from what is usually found in PBB as boys are more commonly affected (44). The cases were younger than the controls (median: 60 vs 36 months), reflecting the predominantly preschool PBB population, but this difference did not reach statistical significance (p=0.06). 
All the PBB cohort coughed at the time of enrolment compared to none of the controls, as per the eligibility criteria. 37.5% of the cases reported wheeze. Whilst no one had asthma, wheeze in PBB is recognised (44) although it is an unusual auscultation finding. There is confusion between PBB associated wheeze and asthma (29) and many are referred to tertiary services with an assumed diagnosis of difficult asthma that has been resistant to treatment. 54.2% of cases reported atopy (excluding asthma) compared to none of the controls. The published incidence of atopy is similar in PBB and healthy children (44). The absence of atopy in the controls is unexpected and probably the result of excluding asthma in this group. 
75% of the cases and 47.6% of the controls lived in a non-smoking house. Similar levels of tobacco smoke exposure at home is reported in children attending paediatric respiratory departments with and without PBB (23, 44) although it was expected that smoking would be commoner in those with respiratory disease than in healthy children. Smoking is a risk factor for asthma in childhood (158). As children with asthma were excluded, the results may be a misleading underrepresentation of smoking patterns at home for children with respiratory disease. 

[bookmark: _Toc387008571][bookmark: _Toc390546195][bookmark: _Toc528353016]4.7.3		Diary cards
All families were given a stamped addressed envelope to return their diary cards or told that they could bring them back to clinic. Diary cards were simplified following the EPISTREP study (Chapter 3), allowing free text rather than a numerical grading system of cough and a daily temperature recording was not required. Despite this only 46.7% of all participants’ diary cards were completed compared to 66.7% in the EPISTREP study (Chapter 3). 28.9% were returned within one month with an attempt at a follow up telephone call only resulting in an additional 17.8%. Many families were not contactable by telephone.
No AEs other than sore throat, pyrexia and cough, all solicited, were reported by any patient. There were no serious AEs. A sore throat was discussed during the consent process and this would be deemed secondary to the insertion of their ET tube. Likewise a short-lived fever in those with PBB would be an expected risk after a bronchoscopy. This was reported in 45.5% and in no child did it continue beyond the first day. No controls undergoing bronchial brushings had a fever.
A postprocedural cough was reported in all the cases as would be anticipated as they all had a cough at recruitment. It is not known how this compares to their baseline cough. On day one, 20% of the controls had a new cough but this did not persist. This is a solicited AE and would be permissible after an ET tube insertion and could not be directly attributed to the brushings.

[bookmark: _Toc387008572][bookmark: _Toc390546196][bookmark: _Toc528353017]4.7.4		Site of bronchoalveolar lavage and non-blind brushing
The BAL and non-blind brush site was the same for all cases. It was intended that the right middle lobe would be sampled in the event of a normal study but there was a site of increased secretions in each child and therefore the default location was never required. Narang et al showed that lobes may culture different bacterial species during the same study (54). This is also the experience of the study team (36). It is possible that multiple sampling sites would affect results but as the study BAL was taken alongside the clinical BAL and multiple places are not routinely tested, this was not done. As the non-blind brushing site was determined by the location of the BAL, only one area was brushed.  It is possible that this too could be site-dependent although no studies using molecular analysis have been done. 

[bookmark: _Toc387008573][bookmark: _Toc390546197][bookmark: _Toc528353018]4.7.5		Standard bacterial culture of BALs
BALs were only studied in the PBB group. Any growth was interpreted as either positive or negative because the SCH laboratory reports light, moderate or heavy growth for BALs and does not quantity bacteria, making an accurate comparison of this subjective measure difficult. The most frequently cultured bacteria were H. influenzae, S. pneumoniae and M. catarrhalis in line with other PBB studies (13, 20, 23, 29, 35, 40, 43, 50). The most common bacteria was H. influenzae in 70.8%, with 38-81% being reported previously (13, 20, 23, 29, 35, 40, 43, 50). In a 2007 SCH study, 81% of the PBB cohort’s BALs grew H. influenzae, a similarly high rate of detection. As H. influenzae is a relatively easy bacteria to culture, the published wide range of growth is unlikely to represent technical differences between laboratories. It could be due to a failure of conventional microbiology to detect pathogens (41) or reflect differences in local thresholds of reporting significant growth. The use of non-quantitative reporting in the literature does limit detailed comparison of studies as interpreting the density of culture would affect the clinical significance of the growth. It is possible that some laboratories discount a low growth that would be reported by others, with 104 CFU/ml being the conventional threshold of significance in quantitative studies (44). 37.5% of cases had a bacterial co-infection, similar to the published 30-50% (29, 44, 54).
12.5% with PBB had a negative BAL bacterial culture. This is similar to other studies. As PBB by definition is a cough that responds to a prolonged course of antibiotics, it is unlikely that their lower airways would pathogen free. A negative culture could represent recent antibiotic usage, with some children having had treatment as early as one week prior to their bronchoscopy. Although clinicians aim for a bronchoscopy after four weeks free of treatment, this is not always practical. In the majority, however, antibiotics were not taken recently and the median time from treatment was six weeks. It could also represent a failure of the culture process or demonstrate a variation in results according to the site sampled (54).

[bookmark: _Toc387008574][bookmark: _Toc390546198][bookmark: _Toc528353019]4.7.6		Respiratory viruses
75% of the PBB group had a BAL positive for one or more respiratory viruses. The role of viruses as an insult to the lower airways has been hypothesised in the vicious cycle theory (38), and viruses have been analysed in two PBB studies (44, 159). Of these, only one systematically tested for viruses, reporting that 38% of BALs in PBB had detectable virus, compared to 9% in children with other respiratory disorders (OR 6.3, 95% CI 2.1-19.1) (44). Adenovirus is the most common virus isolated from BALs in PBB (44, 159).  Adenovirus and rhinovirus were the most commonly identified viruses in this study. This detection of respiratory viruses by PCR was much higher than published studies, and greater than the EPISTREP study in which 46.2% of those with PBB had virus detected in their BAL.  The difference in this PBB cohort compared to that in the EPISTREP study could be explained by the exclusion of patients with evidence of a viral URTI (69) for four weeks prior to the EPISTREP study (Chapter 3). There was no such exclusion in this study although it is unlikely that children who were significantly unwell with a viral URTI would be deemed suitable for the procedure by the anaesthetist. A significant association between adenovirus and H. influenzae (≥104 CFU/ml) in PBB has been reported (44) but only 5/17 (29.4%) of those whose BAL cultured H. influenzae were also positive for adenovirus. 

[bookmark: _Toc387008575][bookmark: _Toc390546199][bookmark: _Toc528353020]4.7.7		Lipid laden macrophage index
LLMI is used as a marker of aspiration and gastroesophageal reflux in children.  LLMI in BALs is routinely measured in clinical practice yet there is no consensus as to the range of normality or pathology. There is also no data of LLMI in PBB or in the BALs of healthy children. Using the ranges that SCH respiratory paediatricians adopt when interpreting results, two thirds had a ‘normal’ LLMI. As PBB is diagnosed after cough causing conditions such as GORD and aspiration have been excluded, this is an expected result. 

[bookmark: _Toc387008576][bookmark: _Toc390546200][bookmark: _Toc528353021]4.7.8		Bronchoscopy findings
All the bronchoscopies showed excessive secretions in the lower airways. A wet cough is a good predictor of increased secretions in the lower airways and all recruited children with PBB reported a wet cough. A third of bronchoscopies demonstrated malacic airways. Whilst malacia is a subjective observation, its association with PBB is established (34, 35). 87.5% of those with malacia had a positive bacterial culture and 87.5% were positive for viral PCR. It is possible that airway collapse decreases the effectiveness of coughing and interferes with the normal mucus flow in the lower airways, this predisposes to infection with both bacteria and viruses as was observed, and culminates in PBB. 

[bookmark: _Toc387008577][bookmark: _Toc390546201][bookmark: _Toc528353022]4.7.9		16s rRNA microbiome analysis
[bookmark: _Toc387008578][bookmark: _Toc390546202][bookmark: _Toc528353023]4.7.9.1	Blind versus non-blind brushings
No significant difference in alpha diversity was observed between the blind and non-blind brushings when measuring Richness, Evenness and bias towards dominant and rare organisms. Considering beta diversity, no significant difference in community composition was observed between the two sampling methods and samples clustered more closely between patients than within sampling groups. Although the standard bacterial culture of BALs and blind brushings has been shown to demonstrate a good concordance (56, 59, 98, 99), this is the first comparison of the microbiota detected using molecular techniques by blind and non-blind brushings in any patient group. It is a significant observation as studies of children, in particular those who are healthy, are limited by the invasive techniques required to collect samples. The finding that non-bronchoscopic techniques are equivalent to samples taken under direct visualisation using technically demanding and time-consuming methods, increases the opportunity for sampling healthy children in greater numbers in the future.

[bookmark: _Toc387008579][bookmark: _Toc390546203][bookmark: _Toc528353024]4.7.9.2	PBB versus healthy controls
No difference in bacterial abundance was observed between the cases and the controls, but alpha diversity measures demonstrated a significantly lower diversity among the cases. Beta diversity, the measure of diversity between samples, showed that the bacterial community present in the controls clustered separately from the cases. Only two OTUs were significantly associated with PBB, Haemophilus_3673 and Neisseria_4022; 35 OTUs were significantly associated with the controls, accounting for this difference in diversity. Similar core microbiota have been noted within paediatric respiratory disease states, namely PBB, bronchiectasis and cystic fibrosis (96). A reduction in diversity with the emergence of potentially pathogenic dominant OTUs in disease has been previously seen (110-112) but the observation of true healthy paediatric controls with increased lower airway diversity provides novel findings.
Haemophilus is one of the three most commonly cultured bacteria in PBB (13, 20, 23, 29, 35, 40, 43, 50, 160). It was the most prevalent organism cultured from the cases’ BALs (70.8%) but was only the dominant organism by sequencing in 52.9%. Conversely, Neisseria was never grown from the cases despite being dominant by sequencing in 20.8%. Neisseria is not commonly associated with PBB despite being a recognised pathogen in pneumonia (141), and being a relatively easy organism to culture in the laboratory. Differences with 16S rRNA analysis and standard bacterial culture were observed in 52.9% of cases, with no correlation between organisms cultured and those dominating at sequencing, a finding similarly seen in a cohort of children with asthma, PBB and chronic cough and neurological impairment with oral and enteral feeding (103).
Despite it being the basis upon which many clinical decisions are made, the limitation of standard bacterial culture is recognised (41). These findings highlight the role molecular analysis may have in the future in providing more accurate information to guide treatment, particularly in those with negative cultures who remain symptomatic or unresponsive to therapy. 

[bookmark: _Toc387008580][bookmark: _Toc390546204][bookmark: _Toc528353025]4.7.9.3	Smoking
Smoking status is associated with significant differences in the lung microbiome in adults with Acute Respiratory Distress Syndrome (ARDS) (161) and may influence the lungs’ response to respiratory illness. Although exposure to smoking is associated with changes in the paediatric nasopharyngeal bacterial population characterised by standard culture (67), the effect of passive smoking on the lung microbiome in children has not been described and thus its interplay with chronic diseases such as PBB has not been explored. Parental smoking habits did not influence any bacterial community differences between the cases and the controls; this observation is limited by recruitment as only four cases and 11 controls lived with smokers.

[bookmark: _Toc387008581][bookmark: _Toc390546205][bookmark: _Toc528353026]4.7.9.4	Breastfeeding
Breastfeeding is known to confer protection against respiratory infections (162). The impact of breastfeeding on the infant gut microbiome has been established (163). Its effect on the respiratory tract is much less studied although upper (147) and lower airway (145) microbiome effects have been described 
41.7% of the cases and 47.6% of the controls had had some breast milk which is lower than the UK national average of 81% and the Yorkshire and the Humber average of 77% (132). Breastfeeding was not seen to affect the bacterial communities of either group.
Observations are limited by power but also by the fact that the microbiome effect was considered in all ages. Nasopharyngeal microbiome changes have been observed at six weeks but this effect had disappeared at six months (147). Whilst the lower airway effects of breastfeeding have been described after infancy, this was in children less than 21 months in one small study (145). Only 22.2% of this study’s patients were in this age group and it is therefore possible that any breastfeeding associated changes to the microbiome may not be appreciated. 

[bookmark: _Toc387008582][bookmark: _Toc390546206][bookmark: _Toc528353027]4.7.9.5		Wheeze
The analysis of the effect of wheeze on the microbiome is restricted to the case group as wheezing was an exclusion criterion for the controls. It was also studied in those with wheeze and PBB for whom asthma was not an additional diagnosis as per the eligibility criteria, further limiting those eligible. 37.5% of those with PBB reported having wheeze, similar to other published data (29). Although wheeze in the context of asthma has been shown to affect the lung’s microbiome (95), it has not been studied in PBB. The bacterial community was not significantly different between those who wheezed with PBB and those who did not, although numbers were small. 

[bookmark: _Toc387008583][bookmark: _Toc390546207][bookmark: _Toc528353028]4.7.9.6	Viruses
Viral respiratory tract infections impact upon respiratory morbidity in childhood and have been implicated in the later childhood onset of asthma (164). Little is known, however, about the impact of viruses on the microbiome of the lower airways. It has been shown that rhinovirus infection leads to a loss of diversity in the nasal microbiota (165), but the effect distally is yet to be described. 
PCR was used to look for a panel of respiratory viruses, presumed to be acting pathogenically, in the BALs of the PBB group. 75% had a BAL positive for one or more of six respiratory viruses but no effect was observed on the bacterial composition of their microbiome. 

[bookmark: _Toc387008584][bookmark: _Toc390546208][bookmark: _Toc528353029]4.7.9.7	Children and mothers 
The bacterial communities of 16 maternal nose and throat swabs did not cluster according to patient but instead clustered according to swab type.  This was expected given that nose and throat populations are known to differ within an individual (166, 167). The throat has a richer microbiome with a less varied population (166) and the throat swabs in this study demonstrated a larger bacterial population with more distinct OTUs. 
The upper airways, in particular the throat (167),  have been shown to have a microbiome similar, but not identical, to that in the lower airways (121, 168). Whilst there was no association between the lower airway microbiome and breastfeeding status, it was hypothesised that the closeness of the maternal–child dyad, particularly during breastfeeding, would lead to a similarity in their respiratory microbiome as seen between the oral microbiota of children and their caregivers (148). Nose and throat swabs, were used as surrogate markers for the lower airways in mothers, comparing this with bronchial brushings in their children. Overall the samples collected from the mothers compared to those from their children were significantly different in all but one patient indicating that in this small study, no early acquisition of bacterial communities could be observed in the respiratory tract.



[bookmark: _Toc390546209][bookmark: _Toc528353030]Chapter Five
[bookmark: _Toc390546210][bookmark: _Toc528353031]Summary, limitations and future work

[bookmark: _Toc390546211][bookmark: _Toc528353032]5.1		Summary of the thesis
Chapter Two described a proof of concept study of a modified M Air T Tester being used as a bioaerosol capture device in humans; this is in addition to its designed purpose in sampling air in clinical environments and to its published use in the bacterial exhalation assessment of foals (169). It was used in a healthy adult population to detect bioaerosols produced by breathing and coughing. It was shown to be easy and comfortable to use although it was concluded that contrary to the intended use as a means of accessing lower airway bacteria, it was likely that upper airway bacteria were captured in this asymptomatic population.
The first bronchoscopy study in a paediatric population with normal respiratory health, comparing this group to a cohort of children having a clinically indicated bronchoscopy for chronic cough and presumed PBB, was described in Chapter Three. Recruitment difficulties relating to the eligibility criteria, specifically the requirement that all children had to have an ET tube and that they could not be recruited on the day of their procedure, meant that only a small number of healthy children were enrolled. From the five controls who did participate, H. influenzae, S. pneumoniae and H. parainfluenzae were cultured from two BALs, bacteria that would be commonly found in symptomatic children with chronic cough. This is the first paediatric study in which a bronchoscopy was not done for clinical purposes and therefore the first time that bacteria considered traditional respiratory pathogens have been found in the BAL of children considered to have completely normal respiratory health.
Chapter Four outlined the use of bronchial brushings as a means of studying the lungs’ microbiota in paediatric health and PBB. This demonstrated the equivalence of blind and non-blind (bronchoscopy guided) bronchial brushings in sampling the microbiota for analysis with 16S rRNA sequencing. Furthermore, it showed that the microbiota of the lower airways in children with chronic cough is significantly different to that of healthy children, with a much less diverse bacterial population akin to the microbiota of other previously studied chronic lung disease populations including cystic fibrosis, asthma and COPD (106, 113). Concurrent BAL bacterial analysis showed that dominant species using molecular analysis did not always correlate with bacterial culture, and that species rarely grown in clinical practice such as Neisseria would predominant in some children with PBB. 

[bookmark: _Toc390546212][bookmark: _Toc528353033]5.2		Limitations of this research and future work
[bookmark: _Toc390546213][bookmark: _Toc528353034]5.2.1		Bioaerosols study
The M Air T Tester detected bacteria in healthy adults during quiet breathing and coughing. Staphylococcus was the predominant bacteria cultured, in addition to a small number of colonies of Streptococcus, despite the culture medium, chocolate agar, not preferentially supporting the growth of either bacteria. 
Staphylococcus, a common oropharyngeal and nasopharyngeal coloniser, would not be expected to be grown from healthy adult lungs, and was therefore considered more likely to represent upper airway colonisation. Although few patients’ plates grew Streptococcus, it could have originated from the lower airways, but at the low levels detected it is also possible that this too represented upper airway colonisation. 
Participants able to concurrently expectorate sputum, such as older children with cystic fibrosis, would be required to ascertain how effective the technique is in acting as surrogate marker for sputum. Additionally, to identify colonising bacteria and help distinguish upper airway contamination from bacteria detected as a result of bioaerosol generation in the lower airways, oropharyngeal and nasopharyngeal swabs would need to be taken from all patients for comparison.
Further work is needed now that use of the device has been shown to be feasible. Research is required to ascertain whether this machine, acceptable to healthy adults, would be as acceptable in the previously unstudied paediatric population. Future testing in children would be need to see if they would be able to comply with the technical aspects of the equipment. 
This research has demonstrated that the M Air T Tester can be used in clinical practice but it is yet to be determined if it can be used to detect lower airway bacteria in a manner similar to sputum. It needs to be established whether it can be used to culture lower airway bacteria without detecting upper airway bacteria in a concentration that would make the distinction between both difficult.  The M Air T Tester is expensive and its use as an alternative to sputum in the child who cannot or will not expectorate requires further work to support its use and justify its cost.

[bookmark: _Toc390546214][bookmark: _Toc528353035]5.2.2		The EPISTREP study
Recruitment numbers in both study arms, but particularly in the control group in which only five patients were enrolled, limited the EPISTREP study described in Chapter Three. Eligibility criteria, specifically the need for children to have a clinically indicated ET tube, had the greatest impact on recruitment yet the benefit of an ET tube over a laryngeal mask is hypothetical. If the effect on BAL of performing bronchoscopies via either ET tubes or laryngeal masks could be established, then it is possible that the strict adherence to the sole use ET tubes might not be necessary. By swabbing the oropharynx and nasopharynx before bronchoscopy and comparing this with bacterial culture of BAL, then this question of the effect of airway intubation method could be addressed. The EPISTREP study demonstrated that the effect of parental refusal was much less than had been anticipated and therefore by increasing the number of children potentially eligible for recruitment by allowing the inclusion of laryngeal masks, the number of healthy children able to be studied with a bronchoscope could be increased.
Although the number of healthy children studied was small, two of the five BALs from healthy patients grew bacteria usually associated with respiratory infection. Whilst this could question the basis upon which clinical decisions are made following the bacterial culture of BALs, more children would need to be studied. Similarly, microbiological analysis of the equipment is needed to exclude the effect of contamination and samples would be needed from bronchoscopes prior to their insertion in patients. 
Finally, the EPISTREP study showed a difference between the bacterial culture findings from the same sample when analysed in two different laboratories. Each site reported growth differently, one quantitatively and the other qualitatively. It is not known whether the variation in results represents a technical difference, and therefore an inability to detect bacteria, or whether it was due to a difference in the reporting of what is considered a significant finding. This is a difficulty seen in the literature and makes meta-analyses of bronchoscopy data challenging. It is proposed that the more useful approach would be quantitative reporting in addition to comments regarding the likelihood of growth being clinically significant. 

[bookmark: _Toc390546215][bookmark: _Toc528353036]5.2.3		The Bronchial Brushings study
As with the EPISTREP study (Chapter Three), the Bronchial Brushings study described in Chapter Four was limited by the number recruited into each arm. Again, the greatest factor adversely affecting the enrolment of controls was the need for an ET tube. As described previously, if it could be shown that the use of laryngeal masks would not adversely affect the samples collected, then this would increase recruitment numbers significantly and enable children with other lung diseases such as asthma, who could be found in non-respiratory theatre lists, to be studied. It would also enable other influences such as the effect of passive smoking, recent antibiotics and the coexistence of wheeze, to be studied in greater detail. 
While the microbiome of healthy and coughing children was significantly different and measures were taken to decrease upper airway contamination, it is not known with certain that proximal contamination did not occur. Oropharyngeal and nasopharyngeal swabs should be taken in future studies to compare the upper and lower airway microbiota and to enable more comparison to be drawn between the mother and child pairs. 
Bronchial brushings are useful in microbiome analysis as unlike BAL they do not require the instillation of sodium chloride, which even when sterilised may contain dead bacteria that would still be detected. Unfortunately, however, given the calibre of the bronchoscope used in this young study group, the brush’s protective sheath had to be removed prior to insertion and therefore could not be used to keep the end sterile. Although bronchoscope control samples were taken to address this, this was not done for every patient and therefore some of the bacteria detected might have originated from the bronchoscope’s channel. A narrower brush would need to be sourced or only 4.0mm bronchoscopes or larger used in future studies which would restrict the lower age of patients eligible for recruitment . 

[bookmark: _Toc390546216][bookmark: _Toc528353037]5.3		Conclusions
At present, a patient-friendly, effective bioaerosol capture device in non-expectorating children that can be used as a surrogate for sputum has yet to be demonstrated. The proof of concept study of the M Air T Tester trialled a method that could be used in this group, but further analysis is required. BAL remains the gold standard method of sampling the lower airways although the observation in this thesis that respiratory pathogens in clinically significant concentrations can be isolated from healthy children is novel and necessitates study in a larger trial. Despite this observed similarity, the microbiome in healthy and chronically coughing children appears very different, with a significant decrease in diversity, akin to other chronic lung diseases, being seen in PBB. Dominant species observed with 16S rRNA analysis differ from the bacteria cultured in many children, questioning the efficacy of standard microbiological culture in representing significant growth and suggesting the future role of molecular techniques in clinical practice. 
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1. 





PARENT/LEGAL GUARDIAN INFORMATION SHEET

Studying the microbiota of the airways using brushings

Part 1: To give you an idea about what the project involves





You and your child are being invited to take part in a research study.  Before you decide it is important for you to understand why the research is being done and what it will involve.  Please take time to read the following information carefully. Talk to others about the study if you wish.

Part 1 tells you the purpose of this study and what will happen to you and your child if you take part.

	Part 2 gives you more detailed information about the conduct of the study.

Ask us if there is anything that is not clear or if you would like more information.  Take time to decide whether or not you want your child to take part.


What is the purpose of the study?

We want to find out if we can collect bacteria from the nose and throat with a swab and inside the lungs using a small brush. We want to compare children who have no breathing problems with those that have lung problems such as asthma, cystic fibrosis and a condition called persistent bacterial bronchitis in which children have a longstanding cough. Using the samples we want to look for bacteria using a newer method that looks for the parts of the bacteria that are unique to each one. Finally, we want to see if young children get their bacteria from their parents and so in the 2 years and younger group we want to take swab samples from the nose and throats of their parents too. 

Why has my child been chosen?

Your child has been chosen because they are having a general anaesthetic and we want to take our samples whilst they are asleep. 

Does my child have to take part?

No.  It is up to you and your child to decide whether or not to take part.  You are both free to withdraw from the research at any time and without giving a reason. Your decisions about this will not affect the standard of care your child will receive.
If you are willing to enrol, and are satisfied with the explanations from the research team, you will be asked to sign a consent form.  If your child is able to understand the research, is happy to take part and can write their name, they will be asked to sign an assent form with you, if they want to.  You will be given a copy of the information sheet and the signed consent/assent forms to keep for your records.

What will happen to my child if we agree take part?

Firstly we will ask you both a few questions about your child’s medical history, in particular in relation to the frequency with which they develop chest infections, how often they take antibiotics and what medication they take regularly. Then, whilst they are under the general anaesthetic we will insert a small swab into their nose and throat and gently remove the samples. We then want to insert a small brush into the lungs via the breathing tube that attaches them to the breathing apparatus and take a brushing. If they are having a bronchoscopy we will take another sample via this camera. The sampling will not interfere with anaestheic and they will remain breathing the anaesthetic gases as before. 

Once inside the lungs we will gently brush the wall of the lung to remove some of the cells and will then put the samples into a collection pot..  This will all take about 5 minutes and there will be no more tests required.

What will we have to do?

Other than what is described above your child will not have to do anything different to normal whilst taking part in the study.

What are the possible disadvantages and risks of taking part?

The brushing technique is used internationally and is known to have an excellent safety record. Rarely you can have a slight cough afterwards but this usually lasts less than an hour and does not affect the recovery from the planned procedure they are having. Nose and throat swabs are taken routinely in hospitals.

What are the possible benefits of taking part?

Your child will not benefit from being part of this study.  However, the information we collect may help us better understand bacteria in the airways and ways of sampling them.

What happens when the research study stops?

We will collect all the information together and we will decide if it is useful in telling us about bacteria in the lungs and how to detect them.




What if there is a problem?

Any complaint about the way you or your child have been dealt with during the study or any possible harm you or your child might suffer will be addressed.  The detailed information on this is given in Part 2.

Will my child’s taking part in the research project be kept confidential?

Yes.  We will follow ethical and legal practice and all information about your child will be handled in confidence.  The details are included in Part 2.

Contact for further information

If you would like any further information about this study you can contact:

Dr Vanessa Craven,
Clinical Research Fellow
University of Sheffield
Tel: 0114 271 17561


This completes Part 1 of the Information Sheet
If the information in Part 1 has interested you and you are considering participation, please continue to read the additional information in Part 2 before making any decision


Part 2: More detail
Information you need to know if you still want to take part


What if new information becomes available?

Sometimes during the course of a research project, new information becomes available about the area that is being studied.  If this happens before the samples have been taken, someone from the research team will tell you and your child about it and discuss with you whether you want your child to take part in the study.  If you change your mind this will not affect any care your child receives whilst in hospital.  If you decide to continue in the study you and your child will be asked to sign an updated consent/assent form.

What will happen if we don’t want to carry on with the research?

If you withdraw from the study after the samples have been taken we will destroy all your child’s identifiable samples if you wish, but we will need to use the data collected up to their withdrawal. If you withdraw before, we will not proceed with the brushings.

What if there is a problem?

If you have any cause to complain about any aspect of the way in which you or your child has been approached or treated during the course of this study, the normal National Health Service complaints mechanisms are available to you and are not compromised in any way because you have taken part in a research study.  If you have any complaints or concerns please contact either the project co-ordinator:

Dr Vanessa Craven
Clinical Research Fellow
Sheffield University
Tel: 0114 271 1756

Otherwise you can use the normal hospital complaints procedure and contact the following person:

Mrs Linda Towers
Patient Advice & Liaison Co-ordinator
Sheffield Children’s NHS Foundation Trust
Tel: 0114 271 7594

Will taking part in this study be kept confidential?

All information that is collected about your child during the course of the research will be kept strictly confidential.  Your child will be assigned a number that will be used instead of their name on all samples and any information about your child that leaves the hospital will have their name and address removed so that your child cannot be recognised from it.  Once the study is complete all information will be kept for a maximum of 5 years and then destroyed or kept in your child’s confidential notes.

Our procedures for handling, processing, storage and destruction of data are compliant with the Data Protection Act 1998.
Your child’s medical notes may also be looked at by other people within the hospital involved in the running and supervision of the study to check that it is being carried out correctly.

What will happen to any samples my child gives?

All samples that your child gives will be anonymised using their individual number. They will be sent to the laboratory and studied there and only the laboratory staff and members of the research team will be able to access them. They will only be analysed for the purposes of this study and will not be used for any other research. After the samples have been analysed they will be destroyed.

Will any genetic tests be done?

There will be no genetic testing done during this study.

What will happen to the results of the research study?

When we finish the study and have looked at the results we will send you a letter telling you about what we have found if you would like us to.

It is also very important that we inform other doctors in the UK and abroad about our research so that they can learn from our study. We do this by publishing our results in medical journals, presenting our findings at medical and scientific conferences as well as summarising our study in the hospital newsletter and on the hospital’s research website.  The results will all be anonymous, so your child will not be able to be identified from them.

Who is organising and funding the research?

Researchers at Children’s NHS Foundation Trust are organising this study.  They will not get any extra money for doing this research.

Who has reviewed the study?

This study was given a favourable ethical opinion for conduct in the NHS by the Research Ethics Committee.  It has also been approved by the Research Department at this hospital.






How can we find out more about research?

The Clinical Research Facility at this hospital has an Information for families section on its website http://www.sheffieldchildrenscrf.nhs.uk/info_families.html 

Or you could contact the hospital Clinical Research Facility:

Gillian Gatenby
R&D Manager
Sheffield Children’s NHS Foundation Trust
Tel: 0114 226 7904


If you and your child decide to take part in this study, you will be given this information sheet and signed consent and assent forms to keep.

Thank you for taking the time to read this information sheet.










PARTICIPANT INFORMATION SHEET
FOR CHILDREN

To be shown and read by parent/carer if required

Studying the microbiota of the airways using brushings

What is research? 
[image: doctor]Research is a careful experiment to find out the answer to an important question.

Why is this project being done?
We want to try and find out if we find bugs inside your nose, mouth and lungs and take them out using a tiny brush.

Why me?
[image: ]You have been chosen because your own doctor has said that you need to be put to sleep in hospital for a short time. We want to use our brush while you are still asleep. We are asking 75 children all together and in children under 2 we are asking their mum and dad if we can take samples from them, but this will be when they are awake.

Do I have to take part?
[image: j0283618]No!  It is up to you.  We would like you to read this information sheet.  If you agree to take part, we would like you to write your name on a form if you want to.  We will also ask your mum, dad or carer to write their name on some forms.  You can still change your mind later.  If you don’t want to take part - just say no!


What will happen?
We would like to ask you and your family some questions about you and find out how well you normally are at home. Then, whilst you are asleep as planned by your doctor, we will put a small brush into your nose and mouth and then into your lungs and we will gently brush inside. This will take about 5 minutes and we will not ask you to do anything else.

Will joining in help me?
No, but it may help us to know more about how the lungs that might help other children in the future. 

What happens when the research study stops?
We will collect all the information together and we will decide if it is useful in telling us more about how the lungs work.

What if something goes wrong?
Your mum, dad or carer will be able to talk to someone who will be able to tell them what they need to do about it. 

What if I don’t want to do the research anymore?
Just tell your mum, dad, carer, doctor or nurse at any time.  They will not be cross with you.  You will still have the same care whilst you are at hospital.

What if I wish to complain about the study?
If you want to complain, you or your mum, dad or carer can talk to Dr Vanessa Craven or Mrs Linda Towers at this hospital.

Will anyone else know I'm doing this?
The people in our research team will know you are taking part.  The doctor looking after you while you are in hospital will also know.  No one else will know because we will not use your name or address.  You will get a number that will be used instead.

What happens to what the researchers find out?
[image: ]When we collect your information we will make sure it is stored in a safe place and only the people doing the research study can look at it.  We will use the information to teach doctors about what is inside the lungs, put it in medical magazines and on websites that doctors read as well as on the hospital’s research website.  No one will know you were in the study.
[image: people]
Did anyone else check the study is OK to do?
This study has been checked by several people to make sure it is OK.

How can I find out more about this study?
Your mum, dad, carer or another grownup you trust may be able to answer your questions.  The doctors and nurses looking after you can also help you find out more about the study.

	

Thank you for taking the time to read this
Please ask any questions if you need to



DNA sequencing
PCR amplification was carried out in quadruplicate using:
· 12.5μl Q5 High-Fidelity PCR master mix (New England Biolabs, Ipswich, USA)
· 5μl of each 1.5μM barcoded primer
· 1.5μl of nuclease free PCR water (QIAGEN, Hilden, Germany)
· 1μl of either sample DNA, extraction control, mock community (positive control) or nuclease free PCR water (negative control)
 A mock community, comprising of 34 known bacterial species in equal proportion, was used as a sequencing positive control in each sequencing run. This included both known respiratory bacteria as well as those not expected to be present within the lung. 
Cycling conditions used for amplification were: 
· 95°C for 2 minutes 
· 35 cycles of 95°C for 20 seconds
· 50°C for 20 seconds 
· 72°C for 5 minutes 
The mock community and negative control products were visualised on a 1.2% agarose gel to ensure the correct amplicon size and confirm that no contamination was present in the PCR negative control. Replicate PCRs were then pooled and a selection of PCR products from samples were run to ensure an amplicon of the correct size had been generated. 
Agencourt™ Ampure beads (Beckman Coulter, Brea, USA), magnetic beads that bind to the DNA, were used to purify the PCR product. They were added in a ratio of 0.7:1 to a uniform volume of each PCR product and incubated at room temperature for five minutes. The plate was then placed on a magnetic rack until the beads had been fully captured after which the supernatant was carefully removed by pipette. The beads were then washed twice with 100μl of 80% ethanol. Beads were dried at room temperature for five minutes before they were suspended in 30μl of low EDTA, TE buffer (Invitrogen, Carlsbad, USA). Ampure purified amplicons were fluorescently quantified using the Quant-iT PicoGreen dsDNA Assay Kit (Life Technologies, Carlsbad, USA) according to manufacturer’s instructions. Calculated sample concentrations were used to make a single equimolar pooled sample.  Due to the low concentration of the negative control a standard volume of 5μl was added to the equimolar pool. 
The pooled samples were purified and concentrated into 30μl of low EDTA TE buffer using Ampure beads as above. The pooled library was gel purified using the QIAquick Gel Extraction Kit (QIAGEN, Hilden, Germany) following manufacturer’s instructions. Recommended extra washes through the spin column were included to improve yield and the library was finally suspended in 30μl of elution buffer. 
Prior to sequencing on the Illumina MiSeq, the library was quantified using the ROX Low Illumina library quantification kit (KAPA Biosystems, Basel, Switzerland). The pooled library was serially diluted; 1:1,000, 1:2,000, 1:4,000, 1:8,000, to allow accurate quantification in line with the provided standards. The amplicon size was confirmed using the 2100 Bioanalyzer (Agilent Technologies, Santa Clara, USA), as per manufacturer’s instructions, to ensure accurate quantification of the library for sequencing.
The library was loaded into the IlluminaV2 500 cycle (Illumina, Cambridge, UK) sequencing cartridge at a concentration of 8pM with a 20% PhiX spike. Phix is a viral DNA solution with a known microbial content that is used to add diversity because samples with a low diversity are difficult to analyse. 




Sequence processing
Vanessa Craven		100280977     
Sequences were quality trimmed to 200bp and joined with a maximum of 10% mismatch and a minimum of 150 base pair overlap, prior to demultiplexing. Open reference UCLUST OTU picking (170) was then used to cluster sequences to 97%
202

 similarity using the Silva reference database (www.arb-silva.de), before picking representative sequences. Sequences were then aligned using PyNAST (171) to implement the nearest alignment space termination algorithm (172) .
Next chimeric sequences were identified and removed using Chimera slayer (http://microbiomeutil.sourceforge.net/). Taxonomic identification was applied using the RDP naive Bayesian classier (173) retained with the Silva 115 NR database. An OTU table was then created for downstream analysis. 

Contamination controls
Common contaminants and OTUs with an unclassified kingdom were removed prior to further analysis (Table 13).  In order to control for contamination, steps were taken to account for contamination at each stage of the sequencing process. All samples including the controls were randomised prior to DNA extraction.  Extracted samples were similarly randomised for qPCR after which samples were ordered from highest to lowest qPCR values and sequenced on two MiSeq runs to minimise sequence failure.





	OTUs removed as standard

	Kingdom
	Unclassified

	Phylum
	Cyanobacteria

	Order
	Rhodobacterales

	Order
	Rhizobiales

	Order
	Methylophilales

	Family
	Oxalobacteraceae

	Genus
	Derxia

	Genus
	Rhodococcus

	OTUs removed due to contamination from the mock community

	Genus
	Vibrio

	OTUs removed due to increasing abundance with decreasing qPCR

	OTU 
	Stenotrophomonas_4097

	OTU
	Delftia_2880

	OTU
	Delftia_2881



[bookmark: _Toc528353052][bookmark: _Toc528353064]Table 13: OTUs removed from analysis after DNA sequencing

Differences between the plates were investigated by the removal of OTUs associated with extraction and PCR negative controls. 


84 bronchoscopies for chronic cough


31 eligible


13 recruited


14 not recruited for logistical reasons


53 ineligible


4 refused




















82 contacted


49 eligible


6 recruited


35 not recruited for logistical reasons


33 not eligible


5 participated


8 refused






















Asthma	GORD	Ineligible age	Persistent radiograph abnormality	Recent/current antibiotics	Pulmonary malformation	Cough resolved	ENT problems	Current/recent URTI	Suspected CF	23.0	6.0	5.0	4.0	4.0	4.0	3.0	2.0	1.0	1.0	Parents refused	Theatre list not suitable	Surgeon unavailable to inform	No information sheet received	Researcher unavailable	Procedure cancelled prior to consent	Surgeon did not deem suitable	DNA 	No equipment available	Anaesthetist did not deem suitable	8.0	7.0	5.0	5.0	5.0	4.0	4.0	3.0	1.0	1.0	Did not require an ET tube	GORD	Chronic cough	Looked after child	Non English speaking	Possible CF	Possible tuberculosis	Asthma	URTI	17.0	6.0	3.0	2.0	1.0	1.0	1.0	1.0	1.0	0-3	4-6	7-12	13-18	19-24	25-30	31-36	>	37	1.0	6.0	1.0	3.0	1.0	0.0	0.0	1.0	Time to referral (months)
No. of patients
0-6 months	7-12 months	13-24 months	25-36 months	3.0	4.0	5.0	1.0	Bronchodilators	Inhaled corticosteroids	Leukotriene receptor antagonist	11.0	7.0	3.0	Type of asthma medication
No. of patients
Total Abx length (weeks)	Amoxicillin	Penicillin V	Co-amoxiclav	Clarithromycin	Azithromycin	Clindamycin	Cefixime	Cefuroxime	Ceftriaxone	Ciprofloxacin	Trimethoprim	16.0	2.0	109.2	31.0	40.0	2.0	76.0	1.0	2.0	4.0	4.0	No.of Abx courses	Amoxicillin	Penicillin V	Co-amoxiclav	Clarithromycin	Azithromycin	Clindamycin	Cefixime	Cefuroxime	Ceftriaxone	Ciprofloxacin	Trimethoprim	10.0	1.0	25.0	5.0	6.0	1.0	14.0	1.0	1.0	1.0	2.0	Mean Abx course length (weeks)	Amoxicillin	Penicillin V	Co-amoxiclav	Clarithromycin	Azithromycin	Clindamycin	Cefixime	Cefuroxime	Ceftriaxone	Ciprofloxacin	Trimethoprim	1.6	2.0	4.4	6.2	6.7	2.0	5.4	1.0	2.0	4.0	2.0	
Cases	H. influenzae	S. pneumoniae	M. catarrhalis	S. aureus	Pantoea	6.0	7.0	8.0	2.0	1.0	Controls	H. influenzae	S. pneumoniae	M. catarrhalis	S. aureus	Pantoea	1.0	1.0	2.0	0.0	0.0	Bacteria
Number of positive samples



Cases	H. influenzae	S. pneumoniae	M. catarrhalis	H. parainfluenzae	S. aureus	S. pyogenes	6.0	5.0	8.0	0.0	1.0	3.0	Controls	H. influenzae	S. pneumoniae	M. catarrhalis	H. parainfluenzae	S. aureus	S. pyogenes	2.0	1.0	1.0	1.0	0.0	0.0	Bacteria

Number of patients



Cases	0.0	1.0	2.0	3.0	4.0	1.0	4.0	5.0	2.0	1.0	Controls	0.0	1.0	2.0	3.0	4.0	3.0	0.0	1.0	1.0	0.0	Number of bacteria cultured
 per patient

Number of patients
No virus	Adenovirus	Parainfluenza 	Rhinovirus	Coronavirus	Insufficient sample	6.0	2.0	2.0	1.0	1.0	1.0	H. influenzae	S. pneumoniae	M. catarrhalis	E.coli	S. aureus	Enterobacter	Group A Streptococcus 	17.0	7.0	3.0	1.0	1.0	1.0	1.0	Positive bacterial culture

Number of isolates
Adenovirus	Rhinovirus	Human metapneumovirus	Parainfluenza	RSV	Coronavirus	Negative	Not done	8.0	8.0	2.0	1.0	1.0	1.0	5.0	1.0	Virus

Number of patients


0-49	50-65	66-100	>	100	Not done	16.0	2.0	4.0	0.0	2.0	LLMI
Number of cases
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