Sputum: infection and inflammation
Dr Louise Fleming
Lower airway samples in children can provide an invaluable insight into lung pathology, both in terms of infection and inflammation. Lower airway samples can most reliably be collected bronchoscopicially, however this only provides a snap shot at a single time point, invariably involves a general anaesthetic, can only be carried out for clinical purposes and can have associated morbidity. Many of these problems can be overcome using sputum samples. Sputum is considered the gold standard non-invasive measure of lower airway inflammation and infection and affords the opportunity for longitudinal monitoring of treatment response and disease progression in the outpatient setting.  However, obtaining sputum samples can provide its own challenges.
Sputum induction
Sputum production is characteristic of chronic supportive lung diseases (CSLD), such as cystic fibrosis, particularly at the time of an infective exacerbation and increased mucus production is frequently seen in asthma. However, children cannot always expectorate sputum spontaneously. Hypertonic saline can be used to induce sputum, even in very young, preschool children. Samples can be tested for the presence of infection, both bacterial and viral, the number and type of cells can be measured as can fluid phase inflammatory mediator including cytokines, chemokines and proteases. 
Airway infection
Infection surveillance of children with cystic fibrosis and other chronic suppurative lung diseases using sputum samples is an essential part of routine management1. Accurate pathogen detection and antibiotic sensitivity pattern have important implications for management.  Until recently obtaining samples from younger children has been challenging and instead cough swabs have been used, with their far lower sensitivity. Protocols for sputum induction in pre school children have yielded promising results and negate the need for bronchoscopy in some2. 
Smear positive sputum samples have been the cornerstone of tuberculosis (TB) diagnosis for many years. Induced sputum can be carried out even in very young children to obtain samples however, the low number of bacilli make diagnosis difficult in the paediatric population. Rapid diagnostic tests such as Xpert® MTB/RIF have excellent sensitivity in a range of care settings in low and middle-income countries; therefore, obtaining good sputum samples is even more vital3. 
Respiratory infection surveillance using sputum samples is also an essential component of management in children with primary or acquired immunodeficiency to detect potentially life-threatening organisms such as pneumocystis jirovecii.  
Airway inflammation
Collection of sputum samples to measure airway inflammation is generally limited to specialist clinics and remains largely in the research arena. However, airway inflammation is not only a key pathological process in asthma but an important therapeutic target4. Sputum samples can help to elucidate the underlying pathobiology of inflammatory airways disease and identify novel therapeutic targets. 
Sputum eosinophils are the hallmark of steroid responsive disease and their presence helps to identify a group of patients who will respond well to inhaled corticosteroids, particularly if their symptoms are discordant5. Furthermore, novel biologicals such as mepolizumab which targets IL-5 (a key mediator of eosinophil activation) are only effective in those with airway eosinophilia6.  Incorporating measurement of sputum eosinophils into management algorithms for adults has shown promising results7; however, there is insufficient evidence in children to support this strategy8. 

Drawbacks
Sputum monitoring for infection has been a key component of the care of children with cystic fibrosis and other chronic suppurative lung diseases for many years; however sputum induction for measuring inflammation is more difficult to incorporate into clinical practice. It is time consuming, requires expertise and appropriate laboratory facilities to process the sputum and a result is not available immediately. Sputum induction can cause unwanted effects such as cough and bronchoconstriction and the taste is unpleasant. However, it is generally well tolerated and induction is successful in 70 – 90%, with success increasing with age. 
Summary
Despite the constraints of sputum induction, obtaining a sputum sample can be vital in diagnosing and appropriately managing infections and a useful adjunct in inflammatory airways diseases, for children of all ages.
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