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Originally described by René Laennec in 1819, 
bronchiectasis is a chronic respiratory condition 
characterised by abnormal, permanently damaged and 
dilated bronchi.1 Clinically, the disease is manifest by 
persistent or recurrent bronchial sepsis, the impact of 
which was perhaps best described by Warner in 1932 
when he wrote of ‘the copious foetid sputum… marked 
constitutional symptoms… making the patient a social 
outcast’.2 It is a debilitating illness responsible for 
significant morbidity, with patients typically suffering a 
persistent cough, chronic daily sputum expectoration, 
recurrent chest infections and a poor health-related 
quality of life.3,4 The condition has a substantial 
socioeconomic cost because both primary and secondary 
healthcare resources are frequently used and periods of 
sick leave are common.5 

Despite this, bronchiectasis has been a poorly studied 
disease that until recently had no national guidelines for 
management and the evidence base for many of its 
treatments relied on consensus expert opinions.6 The 
aim of this review article is to explore what is currently 
known in non-cystic fibrosis bronchiectasis, including its 
causes, diagnosis and management as well as future areas 
of research. 

Prevalence and burden

Population studies in bronchiectasis are limited.  Although 
it is widely believed that there has been an overall decline 
in incidence (due to more effective treatment of childhood 
respiratory conditions, successful vaccination pro-
grammes and strategies for the control of pulmonary 
tuberculosis), it remains an important problem. There  
is still a high incidence in developing countries and globally 
with the increased life expectancy of the general population, 
there is a greater risk of more people developing chronic 
illness, including bronchiectasis.7,8 

 

A retrospective cohort study of health claims between 
1999–2001 in the US suggested the prevalence of 
bronchiectasis to be 4.2 per 100,000 population aged 
18–34 years and 271.8 per 100,000 population aged >75 
years.9 Clinical studies reflect such increased prevalence 
in the older population and have also observed an 
overall increased prevalence among females, with figures 
varying between 63% and 68%, perhaps due to both 
biological and sociological factors.9–12
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Figure 1 A: The normal mucociliary clearance 
mechanism. B: Abnormal mucociliary clearance mechanism 
in the bronchiectatic airway.
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Morbidity in bronchiectasis is often quantified in terms of 
frequency of infective exacerbations as this perhaps has 
greatest impact both socioeconomically and individually 
on patients’ health-related quality of life. US data for 
1993–2006 found the average annual prevalence of 
hospitalisation due to bronchiectasis to be 16.5 per 
100,000 population.13 UK hospital admission data for 
2007–08 found bronchiectasis to be the primary diagnosis 
in one in 1,800 hospitalisations and bronchiectasis-related 
deaths in England and Wales have shown a rise in absolute 
numbers of deaths per year from 797 in 2001 to 908 in 
2007, an increase in mortality of 3% per annum.14

PaThoPhySiology

In bronchiectasis, the airways are permanently inflamed, 
damaged and dilated and the usual mucociliary clearance 
defence mechanism is impaired (Figure 1a and 1b). With 
impaired host defences, the lungs are vulnerable to 
pathogens and the airways become chronically infected 
with a variety of bacteria which promotes further neutrophilic 
inflammation.The bacterial density in the airways has been 
shown to correlate with the degree of airways inflammation; 
with increasing bacterial load, there is an exaggerated 
inflammatory response with greater numbers of 
neutrophils and higher concentrations of neutrophil 
degradation products and other inflammatory markers.15,16 
A vicious cycle of infection and inflammation develops 
with persistent symptoms, frequent exacerbations and 
further airways damage (Figure 2).17

Studies have found that 64–79% of patients with 
bronchiectasis are chronically infected with pathogenic 
bacteria in their airways even when apparently clinically 
stable.18–20 The most common infecting pathogens are 
Haemophilus influenzae (47–55%) and Pseudomonas 
aeruginosa (12–26%). Other pathogens frequently 
responsible for chronic infection include Moraxella catarrhalis, 
Streptococcus pneumoniae and Staphylococcus aureus. 
Longitudinal data are limited, but in a five-year follow-up 
study, 74% of patients remained chronically infected with 
the same organism responsible in more than half.18

Non-tuberculous mycobacteria (NTM) may also be 
isolated from the sputum and such infection is recognised 
as a cause as well as a complication of bronchiectasis. A 
prospective study of 100 patients with bronchiectasis in 
2005 found the prevalence of NTM to be 2%, with 1% 
requiring treatment.21 A later study similarly found a 
prevalence of 9% (seven out of 80 patients), with only 
2.5% requiring treatment.22 The actual prevalence of 
NTM infection in non-cystic fibrosis bronchiectasis 
needs further study. 

diagnoSiS

The diagnosis of bronchiectasis initially relies on clinical 
suspicion. A persistent cough is present in more than 90% 
of patients and three-quarters describe daily sputum 
expectoration.3 Sputum is often discoloured with a yellow 
or green purulence, even when patients are clinically well 
and haemoptysis may be a feature.23 There is usually a 
history of recurrent chest infections and other respiratory 
symptoms related to airways obstruction (dyspnoea and 
wheeze) and mucus plugging (chest pain) may be described.3 
Patients frequently suffer systemically with general malaise 
and fatigue which, together with the chronic respiratory 
symptoms, adversely affects health-related quality of life.4 
Clinical signs in bronchiectasis may include finger clubbing 
(2–3%), wheeze (21–34%) and crackles (69.9–73%), but 
typically physical examination is entirely normal.3
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Figure 2 The vicious cycle in bronchiectasis.17
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The diagnosis of bronchiectasis is confirmed radiologically 
using computed tomography (CT) of the chest. The CT 
characteristics were first described by Naidich in 1982, 
with the defining diagnostic feature being bronchial 
dilatation; the internal diameter of the bronchial lumen 
is greater than that of the adjacent artery.24 The degree 
of dilatation is typically categorised as tubular, varicose 
or cystic. Other specific signs supporting the diagnosis 
include air-fluid levels in the dilated bronchi, a peripheral 
distribution of dilated bronchi, clusters of cysts and 
bronchial wall thickening. Emphysema and a mosaic 
attenuation pattern due to small airways disease may 
also be seen. 

After the initial diagnosis of bronchiectasis, disease severity 
should be assessed to help guide future management. 
Clinical, radiological and microbiological features are 
used to provide a quantitative assessment and should be 
evaluated when the patient is clinically stable (Table 1).

aeTiology

Bronchiectasis may be present as an independent entity or 
it may be an association of another disease process. 
Identifying a causative factor may have both therapeutic and 
prognostic implications, with previous studies finding that 
patient management altered in up to 50% in whom a specific 
aetiology had been diagnosed.11,20 Other studies have found 
that the presence of bronchiectasis can independently affect 
both morbidity and mortality of the associated underlying 
disease.25–27 A systematic investigation for causative factors 
or associated diseases is therefore crucial. 

Aetiologies for bronchiectasis include: post-infective; 
aspiration/inhalation injuries to the airways; immunological, 
including both impaired immune defences and 
exaggerated immune responses; congenital syndromes; 
genetic diseases; systemic diseases and pulmonary 
diseases.  Studies to date have published variable rates of 
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TABle 2 Common causes of non-cystic fibrosis bronchiectasis, incidence and typical supporting diagnostic features.3,11, 20 

AETIOLOgy INCIDENCE SUPPORTINg DIAgNOSTIC FEATURES

Post infectious (e.g. pneumonia, 
pertussis, Mycobacterium tuberculosis, 
Nontuberculous mycobacteria)

29–42% •  History or radiological evidence of previous infection

Connective tissue disease 
(commonly rheumatoid arthritis; 
also systemic sclerosis, systemic 
lupus erythematosis, relapsing 
polyarthritis, ankylosing spondylitis)

3–6% •  History or clinical signs of connective tissue disease ± vasculitis
•  Positive findings on autoimmune screen (e.g. rheumatoid factor, anti-nuclear  
   antibodies, antineutrophil cytoplasmic antibodies)

Allergic bronchopulmonary 
aspergillosis

1–8% •  History of asthma
•  Peripheral eosinophilia
•  Total serum Immunoglobulin (Ig) E
•  Specific IgE and Igg to Aspergillus fumigatus
•  Positive skin test reactivity to Aspergillus fumigatus
•  Central bronchiectasis on CTchest scan

immunodeficiency 
(typically common variable 
immunodeficiency, X-linked 
agammaglobulinaemia, IgA 
deficiency)

1–8% •  Variable deficiencies possible [IgG (including IgG subclasses),IgA, IgM]
•  In IgG subclass 2 deficiency, history of recurrent infections with gram+ve  
   encapsulated organisms 
•  Low baseline specific antibody levels against tetanus toxoid and the  
   polysaccharide capsules of Streptococcus pneumoniae and Haemophilus  
   influenzae type B

Cystic fibrosis 1–4% •  Symptoms of malabsorption, male infertility
•  Upper lobe bronchiectasis on CT chest scan
•  Persistent culture of Staphylococcus aureus in sputum 
•  Positive cytogenetics for cystic fibrosis transmembrane regulator  
   receptor mutations
•  Positive sweat test

Ciliary defect 
(e.g. primary ciliary dyskinesia)

1–10% •  History of chronic upper respiratory tract problems, otitis media, male  
   infertility
•  Positive saccharin taste test (saccharin not tasted after 60 minutes)
•  Abnormal ciliary beat pattern ± frequency on nasal brushings

inflammatory bowel disease 
(ulcerative colitis, Crohn’s disease)

1–3% •  History or clinical signs 
•  Positive pathological features on colonoscopy

Aspiration/inhalation of 
foreign body

1–4% •  History of aspiration 
•  Localised (single lobe) bronchiectasis
•  Positive findings at bronchoscopy

idiopathic 26–53% •  Above causes excluded



identifiable aetiologies, with no cause found in up to 50% 
of patients.5,11,20 The rate of aetiological diagnosis varies 
perhaps due to differences in criteria for investigations 
as well as the population being studied – a higher 
proportion of post-infective bronchiectasis as an 
identifiable cause may be seen in lower socioeconomic 
countries where undertreated infection or rate of 
tuberculous infection for example is greater.28 However, 
there are clearly defined causes or risk factors for 
bronchiectasis either as a single disease entity or as part 
of a syndrome that require exploration. Table 2 gives the 
typical incidence of these causes and associations of 
bronchiectasis with their supporting diagnostic features.

ManageMenT

The aims of management of bronchiectasis are to reduce 
symptoms (particularly sputum volume, sputum 
purulence, cough and dyspnoea), reduce exacerbation 
frequency and severity, preserve lung function and 
improve health-related quality of life. Current strategies 
include medical management such as patient education, 
advice on airway clearance techniques, consideration of 
long-term treatments such as anti-inflammatory and 
antibacterial treatments, as well as optimal management 
of exacerbations. Surgery also remains a treatment 
option, as discussed below.

Education

Patients should understand the diagnosis of bronchiectasis 
and the importance of limiting further injury to the 
airways. Smoking is destructive to the integrity of the 
already damaged airway walls, and an independent risk 
factor for mortality.29,30 All patients should be advised to 
stop smoking. Limiting infective insults to the airways 
through prompt management of exacerbations is 
important and patients should be educated to recognise 
any deterioration in their symptoms and know to seek 
help. Prevention of viral insults by receiving the annual 
seasonal influenza vaccination is advised and, although a 
recent Cochrane review found only limited evidence to 
support the routine use of the 23-valent pneumococcal 
vaccine, current UK guidelines recommend patients 
receive it.6,31

Airway clearance

The aim of chest physiotherapy is to improve airway 
clearance by mobilising secretions, enhancing effective 
expectoration and providing control of cough. Efficacy of 
regular chest physiotherapy in bronchiectasis has been 
proven in a randomised crossover trial which showed 
that twice-daily physiotherapy significantly improved 
perceived cough severity, 24-hour sputum volume yield, 
exercise capacity and health-related quality of life.32

Different physiotherapy techniques include postural 
drainage, autogenic drainage, the active cycle of breathing 
technique (ACBT), positive expiratory pressure (PEP), 

oscillatory PEP devices and high-frequency chest wall 
percussion. A UK survey of routine practice in 2002 
found the most commonly practised techniques to be 
ACBT and postural drainage.33 Previous small studies in 
non-cystic fibrosis bronchiectasis have compared various 
techniques and found no single method to be superior, 
although patient preference for technique has varied.34,35 

Acceptability of a technique is critical for regular 
compliance and as such all patients should be reviewed 
by a chest physiotherapist and instructed in a technique 
guided by individual preference. 

Several other methods of airway clearance have been 
proposed either as independent treatments or more 
frequently as adjunctive measures to physiotherapy 
including humidification, inhaled hyperosmolar agents 
(nebulised hypertonic saline, inhaled mannitol), inhaled 
mucolytics [recombinant human DNase (rhDNase)]  
and anti-inflammatory therapies (inhaled corticosteroids 
and macrolides).

Airways humidification

Humidification aims to reduce mucus viscosity and 
enhance flow through the airways with small studies of 
short duration demonstrating increased airways 
clearance and sputum yield, but currently the evidence is 
insufficient to recommend it for routine use in 
bronchiectasis.36,37

Inhaled hyperosmolar agents: nebulised hypertonic 
saline and inhaled mannitol

Nebulised hypertonic saline may improve mucus 
transportability by altering the concentration of water in 
the mucus.38 Clinical trials are limited and although 
nebulised hypertonic 7% saline has been shown to yield 
greater sputum weights, with greater ease and less 
viscosity, larger and longer-term studies are needed.39

Mannitol acts as an osmotic agent in the airways and has 
been shown to enhance mucociliary clearance with 
improved mucus clearance for up to 24 hours after 
inhalation.40,41 Results from an open-label clinical study have 
been promising with improvements seen in small airways 
function, cough transportability and health-related quality 
of life and the outcome of a current long-term multicentre 
randomised controlled trial is eagerly anticipated.42

Inhaled mucolytics (rhDNase)

Excessive neutrophil activity causes release and 
accumulation of excessive quantities of DNA in the 
airway mucus. Inhalation of rhDNase cleaves the DNA, 
reducing sputum viscosity, improving expectoration, 
airway clearance and lung function. However, its routine 
use in bronchiectasis is not advised as it has been shown 
to have a significant negative effect on forced expiratory 
volume in one second (FEV1) and is associated with a 
higher rate of exacerbations, increased use of antibiotics 
and a greater rate of hospitalisations.43

Non-cystic fibrosis bronchiectasis
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Inhaled corticosteroids

The role of long-term inhaled corticosteroids has yet to 
be established, but the aim is to reduce inflammatory 
cell recruitment and activity in the airways thus limiting 
bronchial wall damage.44 To date, randomised controlled 
studies have shown regular high-dose inhaled 
corticosteroids (fluticasone 500 µg twice daily, or 
beclomethasone 750 µg twice daily) reduce 24-hour 
sputum volume and improve health-related quality of  
life, but have no impact on FEV1 or exacerbation 
frequency.45–47 The optimal dose requires further 
clarification and at present the current evidence is 
insufficient to support the routine prescription of 
inhaled corticosteroids in bronchiectasis, but a six-
month trial may be warranted for patients with severe 
disease or evidence of airways obstruction.

Macrolides

Macrolides were originally discovered as antibacterials 
but also have important immunomodulatory properties, 
although to date there have been few studies in 
bronchiectasis. The first clinical study was a randomised 
double-blind placebo-controlled trial of twice daily 
erythromycin for eight weeks.48 This showed a significant 
improvement in spirometry and reduction in 24-hour 
sputum volume. Two open-label studies of azithromycin 
have shown a reduction in exacerbation frequency.49,50 
The most recent study was an uncontrolled study of 
once daily 250 mg erythromycin; the authors observed 
that with 12 months’ treatment patients experienced 
50% fewer exacerbations than in the 12 months 
preceding the study and that the number of days of 
antibiotic use per year was also significantly reduced.51

The regular long-term use of macrolides is associated 
with potential adverse effects, including, perhaps most 
importantly, macrolide resistance which may be of 
particular significance in bronchiectasis complicated by 
NTM infection where macrolides have an important 
therapeutic role if treatment is required. However, their 
potential immunomodulatory and antibacterial effects 
are intriguing and potentially offer a real long-term 
therapeutic option in bronchiectasis, although further 
studies are needed.   

Long-term antibiotics

The rationale for prescribing long-term antibiotics (oral 
or nebulised) in clinically stable bronchiectasis is to 
reduce the bacterial burden in the airways, therefore 
limiting inflammation and promoting healing of the 
bronchial tree. Disrupting the vicious cycle of infection 
and inflammation should reduce daily symptoms and 
exacerbation frequency. The evidence for long-term 
antibiotics is, however, limited. Studies have been 
conducted using both oral and nebulised antibiotics, but 
the study designs have varied using different criteria for 
selecting patients, different durations and doses of 
antibiotics as well as various outcome measures to 

assess response, making comparisons between regimens 
difficult and limiting their clinical application. 

Oral antibiotics

The first randomised controlled trial of long-term oral 
antibiotic therapy was conducted by the Medical 
Research Council in 1957 and found that 2 g oral 
tetracycline given daily for 12 months significantly 
improved sputum volume and purulence and reduced 
the number of absent days from work due to respiratory 
ill health.52 A later randomised controlled trial of high-
dose amoxicillin (3 g twice daily) taken over eight 
months found that with treatment there was an 
improvement in symptoms, a reduction in 24-hour 
sputum volume and purulence, as well as fewer absent 
days from work.53 There was no effect on exacerbation 
frequency, although exacerbations were less severe. 

Other smaller, non-randomised studies of shorter duration 
have demonstrated similar benefits of regular oral 
antibiotic usage, as well as improved sputum bacterial 
clearance. Tolerance of long-term oral antibiotics is a clear 
factor that may affect compliance and was recognised 
early on in antibiotic studies.54 Aerosolised antibiotics 
began to be formally studied as potential means of 
delivering long-term antibacterial therapy to the diseased 
airways in the 1980s. With direct delivery to the lungs, 
systemic absorption could be anticipated to be minimal, 
with a lower risk of adverse systemic effects.55

Nebulised antibiotics

Nebulised antibiotics offer a targeted therapy with 
limited systemic side effects, but are expensive and may 
be less well tolerated due to bronchospasm – even with 
adjunctive treatment with a b2 agonist. Until recently, the 
randomised controlled trials of long-term nebulised 
antibiotics have included only patients chronically 
colonised with P. aeruginosa. Twice-daily nebulised 
tobramycin in such patients has been shown to reduce 
sputum bacterial density but may also induce 
bronchospasm in a small number.56,57 The most recent 
randomised controlled trial of long-term nebulised 
antibiotics evaluated the impact of twice daily nebulised 
gentamicin over 12 months in patients chronically 
infected with a variety of pathogens.58 With treatment, 
there was a significant reduction in sputum bacterial 
density and airways inflammation, with less sputum 
purulence. Patients had greater exercise capacity, fewer 
exacerbations and an improved health-related quality of 
life, although the study concluded that treatment needed 
to be continuous for ongoing efficacy.

National guidelines recommend that patients suffering 
three or more exacerbations per year or those with 
fewer exacerbations, but significant morbidity should be 
considered for long-term antibiotics.6 Further studies are 
needed to define who would benefit from long-term 
antibiotics and the optimum mode and type of treatment. 
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Surgery

Before the introduction of antibiotic therapy, the most 
effective management of bronchiectasis was surgery – 
‘the only means of “curing” bronchiectasis in the sense 
of causing the disappearance of the dilated bronchi is by 
surgical removal’.2 Currently, surgical management is 
reserved for specific indications, including major 
haemoptysis or localised disease causing significant 
morbidity not responsive to medical management. 
Retrospective case reviews have reported good 
outcomes, with low mortality rates (<1%) and over two-
thirds of patients being symptom free at follow-up over 
four years.59 However, to date there have been no 
randomised controlled trials of surgical and nonsurgical 
management of bronchiectasis and in current practice 
referral for surgery is not common. 

Management of exacerbations

Exacerbations of bronchiectasis are typically defined as a 
persistent (>24 hours) deterioration in respiratory 
symptoms (increased cough, increased sputum volume, 
increased sputum purulence, breathlessness or wheeze) 
with or without systemic disturbance. They are 
responsible for significant patient morbidity, have a 
substantial socioeconomic cost and are a risk factor for 
mortality.5,14 Despite such consequences, there are no 
randomised placebo controlled trials evaluating the 
efficacy of antibiotic treatment of infective exacerbations 
and little evidence to guide selection of antibiotic(s), 
mode of delivery, duration of treatment or, indeed, the 
role of adjunctive therapies.

The current British Thoracic Society guideline 
recommends prompt antibiotic treatment for all patients 
presenting with an exacerbation.6 A sputum sample 
should be sent for microbiological culture at initial 
presentation, but this should not delay treatment 
commencing with an antibiotic choice made according 
to the patient’s previous sputum microbiology history. 
Early studies have suggested that high doses of targeted 
antibiotic therapy are necessary in exacerbations of 
bronchiectasis and consensus expert opinion advises 
that all patients receive treatment for 14 days.60–62 

Oral antibiotic therapy should be used as first-line 
management unless pathogenic organisms sensitive only 
to intravenous agents are cultured, or there is evidence 
of clinical sepsis necessitating acute inpatient admission, 
or if there has been no response to oral antimicrobials. 
Treatment with two antibiotics is recommended in 
patients colonised with P. aeruginosa or methicillin-
resistant S. aureus and in patients with multiple frequent 
exacerbations to prevent resistance emerging.  Antibiotic 
choice for exacerbations should be guided by either 
local or national guidelines.6

Adjunctive therapies in acute exacerbations

Few studies have explored the role of adjunctive therapies 
in acute exacerbations of bronchiectasis. There is currently 
no evidence for efficacy of chest physiotherapy in acute 
exacerbations, but studies have compared different 
techniques and found no single method to be superior 
with no difference in the volume of sputum expectorated, 
spirometry or the perception of dyspnoea.63 The utility of 
other therapeutic strategies in acute exacerbations has 
not been studied; in particular, the use of corticosteroids 
(either systemic or inhaled), airway clearance techniques 
such as hypertonic nebulised saline, airways humidification 
and oxygen need further study.

Assessing response to treatment

Little is known about how best to assess the effect of 
treatment in exacerbations. Currently, evidence of a 
successful outcome is predominantly qualitative, relying 
on the patient’s subjective assessment of symptom 
resolution.  A recent prospective study of exacerbations 
requiring treatment with intravenous antibiotics 
identified 24-hour sputum volume, sputum bacterial 
clearance, C-reactive protein and the St george’s 
Respiratory Questionnaire (a health-related quality of 
life questionnaire) to all be useful parameters in assessing 
treatment response.64,65 However, the latter is 
predominantly a research tool and impractical for use in 
routine clinical practice. Further studies are needed to 
identify and validate pertinent, easily accessible outcome 
measures for clinical use.

MoniToring PaTienTS

Routine follow-up in secondary care is recommended for 
all patients with features of severe disease (Table 1), 
patients receiving long-term antibiotic treatment and for 
patients with bronchiectasis due to associated diseases 
where the presence of bronchiectasis is known to 
adversely affect prognosis.25 There should be regular 
monitoring of sputum bacteriology, lung function and 
assessment of treatment compliance. All patients should 
have a personalised plan for management of exacerbations 
that is updated regularly.

concluSion

Bronchiectasis represents a significant disease entity that 
has been historically under-represented in medical 
research. Consequently the evidence base for its 
investigation and management is small and there is much 
that remains unknown. It has become increasingly 
recognised that treatments for bronchiectasis cannot be 
extrapolated from other chronic respiratory diseases and 
more studies are needed both to better understand 
disease pathogenesis and to establish the optimum 
approach to the management of this debilitating disease. 
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1. in non-cystic fibrosis bronchiectasis, which ONe 
of the following organisms is most commonly 
cultured from sputum?

A. Bordetella pertussis
B. Haemophilus influenzae
C. Pseudomonas aeruginosa
D. Staphylococcus aureus
E. Streptococcus pneumoniae

2. Which ONe of the following features on a high-
resolution CT scan would be regarded as 
characteristic of bronchiectasis?

A. A mosaic pattern of attenuation.
B.  Internal diameter of bronchi greater than internal 

diameter of adjacent pulmonary arteries.
C.  Internal diameter of bronchi greater than internal 

diameter of adjacent bronchial arteries.
D.  Consolidation in a peribronchial distribution.
E.  Varicose thinning of bronchial walls.

3. Which ONe of the following is most accurate 
with regard to routine use of rhDNase in non-
cystic fibrosis bronchiectasis?

A. It has immunomodulatory as well as antimicrobial 
properties.

B.  It has a beneficial effect on FEV1 when given 
intravenously.

C.  It has a detrimental effect on FEV1 when given 
intravenously.

D.   It has a beneficial effect on FEV1 when nebulised.
E. It has a detrimental effect on FEV1 when nebulised.

4. Which ONe of these conditions is not classically 
associated with bronchiectasis?

A. Crohn’s disease
B. Hypothyroidism 
C. Non-tuberculous mycobacterial infection
D. Systemic sclerosis
E. X-linked agammaglobulinaemia

For the answers, please turn to page 190.
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