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 Introduction

Bronchiectasis is a disorder of cough, sputum production and 
persistent or recurrent bronchial infection associated with dam-
aged and dilated bronchi. Although historically considered irre-
versible, increased use of high-resolution computed tomography 
(HRCT) scanning has identified ‘mild bronchiectasis’ which is 
reversible if treated aggressively at an early stage. Moreover, the 
radiological disease can be present in some asymptomatic 
patients, particularly the elderly. European Respiratory Society 
(ERS) Guidelines for the management of adult bronchiectasis 
specifically define the disorder as a permanent dilatation of the 
bronchi with associated chronic symptoms [1]. In recent years, 
the international prevalence of bronchiectasis has markedly 
increased in both children and adults [2–4].

Reported causes of bronchiectasis vary depending on 
health care infrastructure. Diffuse bronchiectasis in countries 
with good diagnostic resources is typically attributed to cys-
tic fibrosis (CF), primary ciliary dyskinesia (PCD), immune 
deficiency or abnormal bronchial anatomy. Bronchiectasis is 
more likely to be termed ‘idiopathic’ or post-infectious in 
settings where exploration of an underlying diagnosis is lim-
ited. Post-infectious bronchiectasis is an imprecise diagno-

sis, and it is usually difficult to confirm causality. However, 
it is recognised that infections such as pulmonary tuberculo-
sis or severe adenovirus infection predispose individuals to 
bronchiectasis. In older patients, coexistence of bronchiecta-
sis is commonly reported with COPD or asthma. The rela-
tionship of these different airway conditions is poorly 
understood, and is perhaps partially explained by misdiag-
noses due to overlapping symptoms.

Importantly, bronchiectasis is the end-point of a heteroge-
neous group of diseases and pathological mechanisms [5]. 
Identifying bronchiectasis is just the starting point to diag-
nosing the underlying cause. Although some management 
strategies are shared (e.g. airway clearance therapy), some 
diseases require specific therapies. The failure of most clini-
cal trials to show positive outcomes possibly reflects the 
need for future trials targeting specific diseases [6]. Moreover, 
knowledge of the underlying cause is necessary to provide 
personalised counselling regarding prognosis, associated 
morbidities and genetic counselling.

 Pathophysiology

Bronchiectasis is a description of permanent airway dilata-
tion associated with cough, sputum production and bronchial 
infection; bronchiectasis is usually divided into cystic fibro-
sis and non-cystic fibrosis related disease. A number of dis-
eases including cystic fibrosis, primary ciliary dyskinesia 
and immunodeficiency disorders predispose patients to 
recurrent or chronic infection. Bronchiectasis can also be 
triggered by tuberculosis or following a severe respiratory 
infection. These triggers can result in airway plugging, 
recruitment of inflammatory cells and release of inflamma-
tory mediators and cytokines. In turn, this can lead to the 
destruction of the elastic and muscular elements of the bron-
chial walls, causing airway dilatation, and damage to the 
motile cilia which line the airways [7, 8]. Accumulation of 
purulent viscous secretions ensues, resulting in the persis-
tence of infection and inflammation. In the 1980s Cole pro-
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Fig. 25.1 A genetic condition (e.g. PCD or CF) or triggering event 
(e.g. severe infection) can result in a persistent and progressive cycle or 
‘vortex’ of processes that eventually lead to bronchiectasis. Impaired 
mucociliary clearance and retention of airway secretions render the air-

ways susceptible to recurrent and persistent infection. This process, in 
turn, incites an inflammatory response causing airways damage, which 
further impairs the clearance of mucus

posed the ‘vicious cycle’ mechanism of ongoing and 
self-perpetuating damage in bronchiectasis [9]. An environ-
mental insult, often on a background of genetic susceptibil-
ity, impairs muco-ciliary clearance resulting in persistence of 
microbes. The microbial infection causes chronic inflamma-
tion resulting in tissue damage and impaired cilia function. 
This leads to further infection with a cycle of progressive 
inflammation causing lung damage. Inflammation tends to 
be neutrophilic, with increased levels of neutrophil proteases 
such as neutrophil elastase leading to airway damage. Recent 
data shows this protease release may be related to formation 
of neutrophil extracellular traps. Eosinophilic inflammation 
can also be present in up to 30% patients [10, 11]. More 
recently, it has been appreciated that these interactions are 
far more complex with each pathophysiological step contrib-
uting to all others, “a vortex” rather than a simple circle 
(Fig. 25.1) [12].

 Clinical Presentation

Depending on the underlying cause, bronchiectasis can 
develop at any stage of life. Early investigation of persistent 
cough is essential if interventions are to be implemented 
before irreversible bronchiectasis ensues. Persistent wet or 
productive cough failing to respond to 4 weeks of antibiotic 
treatment is the key feature that suggests bronchiectasis, or a 
pre-bronchiectasis syndrome [13]. Most patients with estab-
lished bronchiectasis expectorate sputum daily, with highly 
variable volumes. Reduced exercise tolerance and breath-
lessness may be present, and are generally associated with 
advanced disease [14]. Haemoptysis is relatively rare in chil-
dren from affluent settings [15] but is more common in chil-
dren from low-income settings [16], and in adults. Thoracic 
pain is relatively common. Individuals with bronchiectasis 
may wheeze but in contrast to people with asthma this is 
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almost invariably associated with wet cough; asthma can also 
co-exist with bronchiectasis.

The examination may be normal or may include crackles, 
wheeze, or chest deformity. Clubbing is reported to occur in 
some patients with bronchiectasis. Whilst it is an important 
sign it is not a sensitive one. In general, patients in less affluent 
settings have more severe diseases, presumably associated with 
later diagnosis and less aggressive/targeted management [16].

 Epidemiology

The introduction of immunisations against pertussis in the 
1950s and measles in the 1960s contributed greatly to the 
decline of post-infective bronchiectasis, as has the decline of 
pulmonary tuberculosis and the general improvement in 
social circumstances. However, the genetic and idiopathic 
disease has proportionally increased in recent times and dis-
ease prevalence has risen by more than 40% over the past 
15 years. In the UK recent studies suggest a prevalence of 
566 per 100,000 in women and 485 per 100,000 in men mak-
ing bronchiectasis the third most common lung condition 
behind asthma and COPD [4]. One of the highest prevalence 
worldwide has recently been reported in the USA with an 
average of 701 patients per 100,000 people [2].

Bronchiectasis can occur at any age from early childhood, 
however, the average age in Western cohorts is 60–70 years 
[14]. It is more prevalent at a younger age in countries where 
there is a high incidence of pulmonary tuberculosis [17] or in 
certain indigenous subpopulations, including Pacific 
Islanders, Indigenous Australians and the Inuit community in 
North America [18–20]. Poor access to antibiotics and 
immunisations may partially explain these differences, 
although it is likely that genetic propensity may also play a 
role [21, 22]. Certainly, children of consanguineous parents 
are at a disproportionately high risk of genetic causes of 
bronchiectasis [23]. Moreover, although environmental, 
immune or anatomical factors may explain the observation 
that non-CF bronchiectasis is more common in females, this 
too may have a genetic basis [24]. Differences between 
nations may partly reflect genetic and environmental dis-
crepancies; however, it is likely that the diagnosis of bron-
chiectasis in children is often delayed or never considered, 
making true prevalence difficult to establish.

The most common genetic cause of diffuse bronchiectasis 
is cystic fibrosis (CF), the incidence of which is estimated to 
be 1 in 2500 births in white Caucasians. Reports of primary 
ciliary dyskinesia (PCD) prevalence in European popula-
tions have varied greatly from older estimates of 1:40,000 to 
more recent estimates based on genetic data of 1:7500 [25, 
26]. As with most orphan diseases this variation is likely to 
reflect a lack of awareness of the disease amongst clinicians, 
absence of a gold standard test, and lack of facilities for 

investigation, all leading to considerable under-diagnosis. A 
survey by a European PCD Taskforce suggested that PCD in 
children is under-diagnosed and diagnosed late, particularly 
in countries with low health expenditures [27]. The preva-
lence of other genetic causes of bronchiectasis is low and is 
considered individually later in this chapter.

 Genetic Causes of Bronchiectasis

Bronchiectasis associated with genetic mutations is usually a 
consequence of recurrent or persistent pulmonary infection 
caused by disorders of mucociliary clearance or primary 
immunodeficiency (Table 25.1).

 Disorders of Mucociliary Clearance

Ciliated respiratory epithelium lines the airways. The cilia, 
bathed in periciliary fluid, beat in a coordinated fashion, to 
propel the overlying mucus along with particles and bacteria 
to the oropharynx where it can be swallowed or expectorated 
(Fig. 25.2). Diseases affecting ciliary function, or that change 
the composition of the periciliary fluid and mucus can impair 
mucociliary clearance, leading to recurrent infections and 
inflammation which predispose to bronchiectasis.

 Cystic Fibrosis
Cystic fibrosis (CF) is an autosomal recessive disorder and 
is the commonest inherited disease in white populations, 
with an estimated incidence of 1 per 2500 live births [28]. 
It is caused by mutations in the cystic fibrosis trans-mem-
brane conductance regulator (CFTR) gene which is located 
on chromosome 7 and encodes for the CFTR chloride chan-
nel which sits in the cell membrane on the apical surface of 
the cell.

Mutations lead to abnormal ion transport regulation 
across the cell membrane which, in the lungs, results in 
abnormal airway fluid. Dehydrated mucus is characteristi-
cally highly viscoelastic, and adheres to the cilia and airway 

Table 25.1 Examples of genetic causes of bronchiectasis

Disorders of mucociliary 
clearance

Cystic fibrosis
Primary ciliary dyskinesia

Primary immunodeficiency
Hypogammaglobulinaemia
Neutrophil deficiency
Innate immunity

Common variable immunodeficiency
X-linked agammaglobulinemia
Chronic granulomatous disease
Shwachman-Bodian-Diamond 
syndrome
Complement deficiency

Collagen disorders Marfan syndrome
Other associations Autoimmune disease e.g. rheumatoid 

arthritis, inflammatory bowel disease
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Fig. 25.2 In healthy persons, respiratory cilia beat in a coordinated 
sweeping pattern, which moves mucus and debris, including pathogens 
towards the oropharynx for swallowing or expectorating. In PCD, 
immotile or dyskinetic cilia do not beat effectively, and mucus and 

debris persist in the airways. In CF the inefficient mucociliary clearance 
(MCC) is due to an abnormal periciliary fluid layer compromising cili-
ary beating and viscous mucus which is resistant to clearance. (Image 
provided by Robert Scott)

cells, causing airway plugging. The reduced-volume pericili-
ary fluid layer does not adequately support and lubricate the 
cilia, and results in defects of ciliary function (Fig.  25.2). 
Adherent mucus and impaired ciliary function both contrib-
ute to reduced airway clearance, chronic infection and 
 biofilm formation. Eventually, the chronic infection and 
inflammation lead to bronchiectasis, which can develop very 
early in life [29]. Bronchiectasis in CF predominantly affects 
the upper lobes initially, spreading to all lobes over time; the 
disparity with PCD, which tends to have worse disease in the 
middle lobe, is difficult to explain [30].

Since the CFTR gene was first sequenced in 1989, [31] our 
understanding of the underlying pathophysiology of CF has 
developed rapidly. At the time of writing, over 2000 muta-
tions in CFTR have been described, of which about 350 are 
thought to be pathogenic (https://www.cftr2.org/welcome). 
These mutations have been grouped into classes, dependent 
on their effect on the CFTR protein (Fig. 25.3). For example, 
class 2 mutations, which include the most common p.
Phe508del mutation, lead to a failure of the correct folding of 
the protein which is then rapidly broken down and hence not 
expressed on the apical surface of the cell; whereas with class 
3 mutations the protein is correctly folded and is present on 
the apical surface but the channel is blocked closed, termed 
‘gating’ mutations. Our understanding of the effects of muta-
tions in CFTR has been fundamental in recent ground-break-
ing advances in the treatment of CF.  It is now possible to 
correct CFTR dysfunction in patients with specific classes of 
mutations, and therapies for other mutations are in late-phase 
trials (see Novel therapies for managing CF).

Although respiratory disease accounts for the majority of 
morbidity and mortality, [32] CF is a multisystem disorder 
with manifestations including meconium ileus, pancreatic 
insufficiency leading to steatorrhea and failure to thrive, liver 
disease, diabetes, nasal polyposis, sinusitis and infertility in 
men due to congenital bilateral absence of the vas deferens . 
Since the widespread use of newborn screening (NBS) for 

CF, measuring immuno-reactive trypsin (IRT) levels in the 
blood at about 7 days of life, most cases of CF are diagnosed 
in infancy. However later presentation, even in adulthood, is 
not unheard of, particularly where individuals were born prior 
to initiation of NBS programmes and who carry mutations 
other than p.Phe508del, hence are more likely to be pancre-
atic sufficient [33]. The diagnosis is confirmed by assessing 
the function of the CFTR channel by measuring sweat chlo-
ride levels, with a level > 60 mmol/L being diagnostic. Whilst 
not essential for diagnosis, given the advent of novel therapies 
based on CFTR mutation class, it is recommended that CF 
patients go on to be genotyped. Importantly, due to the fact 
that not all mutations in CFTR are pathogenic, any individual 
first identified by genotyping (i.e. having two bi-allelic CFTR 
mutations) should go on to have a confirmatory functional 
CFTR assessment by sweat test. In difficult diagnostic cases 
measurements of nasal potential difference can be helpful.

 Primary Ciliary Dyskinesia
Primary ciliary dyskinesia (PCD) is a rare, genetically hetero-
geneous disorder, usually transmitted in an autosomal reces-
sive pattern [34, 35]. Mutations of PCD-causing genes effect 
the genesis, structure and/or function of motile cilia leading to 
impaired mucociliary clearance (Fig. 25.2). Cilia dysmotility 
in the airways classically leads to unexplained neonatal respi-
ratory distress in term infants, daily wet cough from early 
infancy, bronchiectasis, chronic rhinosinusitis, and conductive 
hearing impairment [36]. PCD is estimated to affect approxi-
mately 1 in 7750 people [26, 37], but many people are undiag-
nosed or diagnosed late in life, and the true prevalence is 
unknown [38]. Whilst data from international consortia and 
large clinics are improving our understanding of disease pro-
gression, information concerning morbidity and mortality 
remain sparse. The International PCD Cohort (iPCD) has 
reported that lung function impairment during childhood is 
similar to that found in CF, but by adulthood forced expiratory 
volume in 1 s (FEV1) is worse in CF [39]. Recent observations 
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Fig. 25.3 Mutations causing cystic fibrosis can be grouped into classes, dependent on their effect on the CFTR protein

from large adult clinics concur that pulmonary disease is het-
erogeneous in severity [40, 41]. Several studies have reported 
impaired growth in children with PCD, [42, 43] which may be 
associated with worse lung function [39, 42, 43].

Neonates typically present with respiratory distress of 
unknown cause and some have rhinitis [44]. Infants continue 
to have a persistent wet cough, and usually develop recurrent 
respiratory tract infections, rhinitis, and serous otitis media 
associated with conductive hearing difficulty. Respiratory 
symptoms continue into later childhood and adulthood. 
Bronchiectasis has been described in pre-school children and 
is almost universal by early adulthood (Fig. 25.4); in contrast 
to CF, disease typically affects the middle and lower lobes, 
with relative sparing of the upper lobes [45–48]. Bacterial 
pathogens isolated from the airways are similar to those 
described in CF, namely Haemophilus influenza, Pseudomonas 
aeruginosa, Staphylococcus aureus, Streptococcus pneu-
moniae and Moraxella catarrhalis [49–53].

Motile cilia are important in organs besides the respira-
tory tract, such as the Eustachian tubes, embryonic node, 
sperm flagella, the female reproductive tract, and epen-

dyma of the brain and spinal cord. Extra-pulmonary symp-
toms caused by dysmotile cilia are therefore common, for 
example, serous otitis media, infertility and rarely hydro-
cephalus. Embryonic node motile cilia are responsible for 
left-right asymmetry, and 50% of people with PCD have 
situs inversus (Kartagener syndrome) or situs ambiguous 
(Fig. 25.4); associated congenital heart disease is relatively 
common [34, 54, 55].

Whilst the individual symptoms found in PCD are non- 
specific, a combination of symptoms indicates a need for 
prompt referral for PCD diagnostic testing (Table  25.2). 
Patients are symptomatic from birth or early infancy, yet the 
mean age of diagnosis is approximately 5 years. Large num-
bers of patients, particularly adults, have not been investi-
gated and are therefore inappropriately labelled ‘idiopathic 
bronchiectasis’. The variability in diagnostic rates between 
countries is considerable probably reflecting clinical knowl-
edge amongst physicians as well as geographical access to 
diagnostic facilities [27, 58].

Recent European and North American Guidelines concur 
that diagnosis of PCD requires specialist investigation using 
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a b

Fig. 25.4 (a) HRCT of the chest in a 49-years old man with primary 
ciliary dyskinesia and Kartagener syndrome at the time of evaluation 
for lung transplantation, demonstrating severe bronchiectasis and con-
solidation in the anterior lateral segment of the left lower lobe, and (b) 

bilateral bronchiectasis in the lung bases (associated with centrilobular 
nodules and tree-in-bud pattern suggestive of bronchiolitis). Note the 
presence of situs inversus

Table 25.2 Recommendations for who should be referred for PCD 
diagnostic testing, based on the European Respiratory Society guide-
lines [52]

Which patients should be referred for diagnostic testing?
   •  Patients should be tested for PCD if they have several of the 

following features:
     –  Persistent wet cough;
     –  Situs anomalies;
     –  Congenital cardiac defects;
     –  Persistent rhinitis;
     –  Chronic middle ear disease with or without hearing loss;
     –   Term infants with neonatal upper and lower respiratory 

symptoms or neonatal intensive care admittance,
   •  Patients with normal situs presenting with other symptoms 

suggestive of PCD should be referred for diagnostic testing
   •  Siblings of patients should be tested for PCD, particularly if 

they have symptoms suggestive of PCD
   •  The use of combinations of distinct PCD symptoms and 

predictive tools (e.g. PICADAR [189]) is recommended

a combination of tests [56, 59]. Extremely low levels of nasal 
nitric oxide support the diagnosis of PCD [60]. However, 
some patients with PCD have normal nitric oxide levels, and 
levels can be low in other conditions including CF. Nasal 
nitric oxide measurement is therefore used as part of the 
diagnostic algorithm, but can neither confirm nor refute the 
diagnosis with certainty [25]. High-speed video microscopy 
can identify ciliary dysfunction (e.g. static, hyperfrequent, or 
circling cilia). Both nasal nitric oxide and cilia pattern 
observed by a high-speed video are highly predictive of 
PCD, and since analyses are available on the day of testing, 
counselling and treatment can be based on these provisional 
results [61]. However, confirmation of diagnosis by trans-
mission electron microscopy or genetic testing is required 

for a definitive diagnosis [56, 59, 62]. Most, patients with 
PCD have diagnostic abnormalities of ciliary ultrastructure 
on transmission electron microscopy, and “hallmark abnor-
malities” confirm the diagnosis [63]. Electron microscopy 
used to be considered the ‘gold standard’ investigation but it 
is now recognised that approximately 15–20% of patients 
with PCD have normal ciliary ultrastructure. Similarly, 
immunofluorescence labelling to detect and localise intra-
ciliary proteins (e.g. DNAH5) has excellent specificity but 
limited sensitivity to diagnose PCD [64].

Mutations in over 40 genes have been associated with 
PCD to date (reviewed in [34, 56], and summarised in 
Fig.  25.5). Bi-allelic pathogenic mutation or hemizygous 
X-linked mutation in a known PCD gene can confirm a diag-
nosis, [34, 56, 59] and approximately 70% of PCD cases 
diagnosed by other methods can be genetically confirmed. 
The diagnostic sensitivity should continue to improve as new 
genes are identified. The number and size of the genes results 
in a large number of variants, many of which are not patho-
genic. To avoid false positive diagnoses, it is therefore 
important to ensure that the reported genotype correlates 
with phenotypic ciliary ultrastructure and function 
(Fig. 25.5b) [56]. For example, disease causing genetic vari-
ants in DNAH5 are associated with absence of the outer 
dynein arms and static cilia. Mutations in DNAH11 are asso-
ciated with normal ciliary ultrastructure by transmission 
electron microscopy, and the cilia have a hyperfrequent 
vibratory pattern [34].

Whatever the genetic defect, people with PCD generally 
have severely impaired mucociliary clearance leading to the 
previously described features. However, only some genes are 
associated with laterality defects or infertility, and some 
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genes are associated with more severe pulmonary disease 
[55, 65, 66].

There is no cure for PCD and pulmonary management, 
therefore, aims to optimise health, social and psychological 
well-being whilst preventing the progression of lung dam-
age. There have been few clinical trials in PCD and manage-
ment is usually empirically based on evidence from 
CF.  Given the differing underlying pathomechanisms and 
prognoses, evidence for PCD-specific treatments is urgently 
needed. Lack of evidence for treatment leads to the disparity 
of care between countries, and likely detrimental effects on 
exacerbation frequency, future lung function and health care 
costs [67]. Recent consensus statements provide guidance 
for the care of patients with PCD [30, 68]. Since patients 
with PCD also have extra-pulmonary disease, multidisci-
plinary care is required by a team including pulmonologists, 
physiotherapists, audiologists, ENT, cardiologists and fertil-
ity experts [68, 69]. General care for bronchiectasis is con-
sidered later in this chapter.

 Other Ciliopathies
Non-motile or ‘primary’ cilia are found on the surface of 
many cells in the body. An increasing number of diseases are 
attributed to abnormal motile or primary ciliary function, 
collectively known as ciliopathies (http://www.ciliopathyal-
liance.org). For example, dysfunction of primary cilia in the 
eye can cause retinitis pigmentosa, and in the kidney can 
cause autosomal dominant polycystic kidney disease 
(ADPKD) or nephronophthisis.

OFD1 is an X-linked gene associated with several over-
lapping ciliopathies including oral-facial-digit syndrome and 

Joubert syndrome. Respiratory defects appear to be highly 
variable in males carrying OFD1 mutations. Where there is a 
motile cilia defect the condition is termed Simpson–Golabi–
Behmel syndrome. These individuals suffer from bronchiec-
tasis, PCD symptoms, overgrowth and can also have 
abnormally large kidneys, liver and spleen [70]. There are 
also several case reports of patients with PCD-like disease in 
association with retinitis pigmentosa caused by X-linked 
mutations in retinitis pigmentosa GTPase regulator (RPGR).

Autosomal dominant polycystic kidney disease (ADPKD) 
is an example of renal ciliopathy associated with bronchiec-
tasis. It affects between 1 in 400 and 1 in 1000 people [71]. 
The disease most commonly manifests in adulthood and is 
caused by defective ciliary function in renal epithelial cells. 
Two genes, PKD1 and PKD2 coding for proteins known as 
polycystins have been implicated in the pathogenesis of 
ADPKD. In ADPKD, impaired primary cilial sensing results 
in abnormal intracellular signalling, cell hyperproliferation, 
and cyst formation [72]. A predisposition to bronchiectasis is 
recognised, although the mechanism for this is not fully 
understood [73].

Dysfunction of motile cilia and bronchiectasis are also 
described in some but not all cases of Bardet Biedl syndrome 
(BBS). A mutagenic syndrome characterised by retinal 
degeneration, obesity, polydactyly, cognitive impairment, 
kidney anomalies and hypogonadism [74, 75]. Bronchiectasis 
in BBS has been associated with the gene NPHP10.

Whereas one non-motile, primary cilium is found per cell 
there are multiple motile cilia in the respiratory tract. Defects 
in genes coding for proteins in the pathway responsible for 
the generation of multiple motile cilia can lead to a condition 

Fig. 25.5 (a) Diagram of the transverse section of a respiratory cilium as 
seen by transmission electron microscopy. Motile cilia have a “9  +  2” 
arrangement with nine peripheral microtubule doublets surrounding a cen-
tral pair of single microtubules running the length of the ciliary axoneme. 
Nexin links and radial spokes maintain the organised structure. Attached 

to the peripheral microtubules are inner and outer dynein arms. Dynein is 
a mechanochemical ATPase responsible for generating the force for ciliary 
beating, hence abnormalities of the dynein arms affect ciliary beating. (b) 
Examples of transmission electron microscopy from patients with 
PCD. Their genetic cause predicts the ultrastructural findings
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termed ‘reduced generation of multiple motile cilia’ 
(RGMMC). Assessment of airway cells reveals only a few 
motile cilia per cell, resulting in significant impairment of 
the mucociliary escalator. Individuals present with PCD like 
symptoms of rhinitis, neonatal respiratory distress, otitis 
media, and recurrent chest infections. In CCNO and 
MCIDAS bronchiectasis usually occurs in childhood and can 
be severe. Due to the multiple motile cilia of the brain being 
affected, hydrocephalus is also common [76–78]. In contrast 
to PCD, RGMMC is not associated with situs inversus since 
the cilia in the embryonic node are not affected. Recently 
defects in one of the master regulators of ciliogenesis FOXJ1 
have also been described to cause bronchiectasis  in an auto-
somal dominant inheritance pattern.

 Primary Immunodeficiency Disorders

Primary immunodeficiency disorders (PID) account for a sig-
nificant proportion of cases of bronchiectasis in developed 
countries. Series suggest as many as 7% of adults [79] and 20% 
of paediatric cases in higher-income countries may be attribut-
able to PID [80]. PID includes a heterogeneous group of disor-
ders of immune development or function affecting innate or 
adaptive immunity. Common variable immunodeficiency 
(CVID), X-linked agammaglobulinemia (XLA) and chronic 
granulomatous disease (CGD) are the most common immuno-
deficiencies found in association with bronchiectasis [81].

 Common Variable Immunodeficiency
Common variable immunodeficiency (CVID) has an esti-
mated prevalence of 1 per 25–50,000 population and is the 
commonest PID. Presentation is usually in young adulthood 
but diagnosis may be delayed [82]. Patients affected by 
CVID display a defective antibody response to protein and 
polysaccharide antigens and low levels of immunoglobulin 
(Ig) G, IgA and/or IgM. Affected individuals are at risk of 
recurrent bacterial infection, autoimmune disease and 
malignancy [83]. Clinical features vary, perhaps reflecting 
heterogeneity of underlying molecular defects or disease-
modifying factors. To date, a monogenic cause has been 
identified in only 2–10% of cases [84]. Many disease genes 
have been identified in CVID, including those encoding 
receptors, ligands and intracellular signalling molecules.

Possibly as a consequence of delayed diagnosis, the risk 
of bronchiectasis is greater in patients with CVID than in 
those with X-linked agammaglobulinemia (XLA) and may 
approach 70% [85]. The additional immune dysregulation 
associated with CVID might also contribute to this high rate 
of bronchiectasis. One prospective study of CVID and XLA 
patients on immunoglobulin replacement therapy found 
older age and lower IgA levels to be risk factors for bronchi-
ectasis in CVID, in contrast to XLA where the incidence of 
pneumonia was the major risk factor [86].

 X-Linked Agammaglobulinemia
X-linked agammaglobulinemia (XLA) accounts for 85% of 
congenital agammaglobulinemia and is estimated to affect 
1–2 per million people in the UK [87, 88]. It is characterised 
by an almost complete absence of circulating B lympho-
cytes and of all immunoglobulin [89]. Mutations of the 
Bruton tyrosine kinase (BTK) gene cause an incomplete 
block of B cell development at the pre-B cell stage [87]. 
Affected individuals are susceptible to infection by encap-
sulated bacteria and Mycoplasma. Autosomal recessive 
forms of agammaglobulinemia have been identified that are 
caused by mutations in genes that encode for other compo-
nents of the pre-B cell receptor and its signalling pathway 
[90]. Pulmonary infections can occur shortly after birth but 
generally become noticeable beyond 6 months of age fol-
lowing the disappearance of maternal IgG. The most com-
mon age for diagnosis is under a year but presentations as 
late as 5 years have been known [91, 92]. Whilst the risk of 
developing significant lung disease increases over time, 
there is some evidence that severity can be reduced by early 
detection and treatment [93].

 Chronic Granulomatous Disease and Other 
Disorders of Neutrophil Function
Chronic granulomatous disease (CGD) results from impaired 
function of NADPH oxidase. This enzyme is required for the 
effective functioning of the phagocytic respiratory burst and 
for superoxide production. Impaired NADPH oxidase is gen-
erally transmitted by X-linked inheritance but autosomal 
recessive variants are also recognised [94]. Mean age at pre-
sentation in autosomal recessive disease is 10 years, slightly 
later than X-linked disease where the mean is 5 years, sug-
gestive of a more severe phenotype [95]. Patients are vulner-
able to recurrent and severe bacterial and fungal infections, 
including Staphylococcus aureus, Burkholderia cepacia, 
Serratia marcescens, Nocardia and Aspergillus spp.

A similar pattern of recurrent pneumonia and lung asper-
gillosis may also be observed in patients with severe con-
genital neutropenia [96]. Most commonly this disorder 
occurs as a consequence of mutations in the gene encoding 
for neutrophil elastase [97] but it can also be attributable to 
mutations affecting a mitochondrial protein thought to be 
involved in protecting myeloid cells from apoptosis [98] or 
an endosomal protein involved in intracellular signalling 
[99]. The characteristic feature of this disease is low levels of 
circulating neutrophils and hence vulnerability to bacterial 
and fungal pathogens.

 Other Immunodeficiency Diseases Associated 
with Bronchiectasis
It is currently difficult to identify many causes of innate 
immunodeficiency, and it is likely that as new defects are 
discovered, many individuals currently described as suffer-
ing from ‘idiopathic bronchiectasis’ will be found to have an 
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underlying disorder, some involving defects of innate immu-
nity. Rare instances of bronchiectasis in association with 
deficiency of C2, mannose-binding lectin or l-ficolin have 
been reported [100]. Deficiencies affecting the complement 
cascade are also known to affect the severity of bronchiec-
tatic disease in CVID [101] and in CF [102].

Ataxia telangiectasia is an autosomal recessive multisys-
tem disorder resulting from mutation of the Ataxia telangiec-
tasia mutated (ATM) gene, characterised by the development 
of telangiectasia and cerebellar ataxia. It affects 1 in 150,000 
people in Europe [103]. It is the most common of the DNA 
repair disorders and is associated with chromosomal insta-
bility and cellular radiosensitivity, rendering sufferers sus-
ceptible to cancer and to infection. The ATM gene is involved 
in antibody class switch recombination and defects in this 
process may underlie the increased susceptibility of ataxia 
telangiectasia patients to bacterial infections [104]. The most 
common humoral immunological defects are diminished or 
absent serum IgA and IgG2, and impaired antibody responses 
to vaccines [105]. Protection against immune deficiency can 
be conferred by small amounts of preserved ATM function; 
mutations resulting in complete loss of ATM kinase activity 
have been shown to be more likely to be associated with 
recurrent respiratory infections than those associated with 
residual kinase activity [106]. Ataxia telangiectasia leads to 
thymic hypoplasia and variable T cell deficiency. It is likely 
that recurrent aspiration due to swallowing impairment also 
contributes to respiratory disease [107]. Bronchiectasis is 
reported in 10–50% of patients, becoming established by late 
childhood. The overwhelming bronchopulmonary disease 
can be fatal and the median survival is 19 years [108].

Bronchiectasis, alongside severe types of pneumonia, 
empyemas and pneumatoceles, is common in children with 
hyper-IgE or Job syndrome, which is associated with a wide 
variety of lymphocyte and humoral function defects as well 
as very high levels of serum IgE [109]. Job syndrome is 
inherited in an autosomal dominant pattern; most often due 
to a loss of function mutation of the signal transducer and 
activator of transcription 3 or STAT3 gene, [110] although in 
some cases the responsible mutation is unknown. STAT3 is a 
transcription factor that influences the expression of a variety 
of genes and plays a key role in many cellular processes such 
as growth and apoptosis. An autosomal recessive form of 
hyper IgE syndrome is recognised, this is less common than 
the autosomal dominant form and less likely to have respira-
tory complications. Bronchiectasis is also seen in association 
with Shwachman-Bodian-Diamond syndrome, caused by 
deficiency in DOCK8 which is involved in actin polymerisa-
tion and cytoskeletal rearrangement. This rare autosomal 
recessive disorder is characterised by exocrine pancreatic 
insufficiency, bone marrow dysfunction, leukemia predispo-
sition, and skeletal abnormalities. In most cases, bone mar-
row dysfunction results in neutropenia in the majority of 
patients and may be accompanied by defects in neutrophil 

mobility, migration, and chemotaxis. Where neutropenia is 
less prominent a clinical phenotype similar to that of CVID 
can arise [111].

 Other Genetic Disorders Predisposing 
to Bronchiectasis

Although the majority of genetic causes of bronchiectasis 
are related to defects of mucociliary clearance or PID, con-
genital abnormalities affecting the structure of the bronchial 
wall can predispose to bronchiectasis. For example, Marfan 
syndrome is a rare hereditary disorder characterised by skel-
etal, cardiovascular and ocular abnormalities. It follows an 
autosomal dominant inheritance with a variable expression 
which results in a defect in Type 1 collagen. Pulmonary 
abnormalities occur in approximately 10% of patients, the 
commonest being spontaneous pneumothorax and emphy-
sema. Rarely cases of bronchiectasis have been described in 
adults and children with Marfan syndrome.

Epithelial sodium channels (ENaC) are important in the 
airways for regulating the osmolarity of periciliary fluid, and 
maintaining the periciliary fluid volume necessary for muco-
ciliary clearance. The role of mutations encoding ENaC pro-
teins (SCNN1A, SCNN1B, SCNN1G) in bronchiectasis is 
currently unclear. It is proposed that polymorphisms in 
ENaC genes, as well as ENaC mutations in trans with CFTR 
mutations might be risk factors for bronchiectasis, but it is 
not invariably associated with disease [112, 113].

Alpha-1 antitrypsin (AAT) deficiency is an autosomal 
co- dominant disorder that is caused by SERPINA1 muta-
tions and leads to emphysema. Bronchiectasis has been 
reported, most frequently, in association with severe PiZZ 
genotypes, this is largely seen in adulthood. A study of 74 
patients with severe AAT deficiency found high-resolution 
CT scan evidence of bronchiectasis in 70 subjects, this was 
judged clinically significant in 20 [114]. AAT deficiency 
alleles are over-represented in patients with bronchiectasis 
and asthma combined, suggesting that bronchiectasis may 
occur as a consequence of airway obstruction, in turn reduc-
ing airway clearance [115]. In individuals with humoral 
immunodeficiency lower AAT levels have been found in 
those with bronchiectasis, suggesting that where infection 
causes persistently elevated neutrophil elastase activity 
higher levels of AAT might be necessary to protect the lower 
airways [116].

Several autoimmune diseases with predominant symp-
toms outside the airways are associated with bronchiectasis, 
most notably rheumatoid arthritis and inflammatory bowel 
disease (IBD). Whilst causative genes have not been identi-
fied for these conditions, associated genetic risk loci have 
been reported in IBD and variations in human leukocyte anti-
gen (HLA) genes, especially the HLA-DRB1 gene, are a risk 
factor for rheumatoid arthritis.
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Young syndrome, is a poorly defined clinical diagnosis 
characterised by bronchiectasis, chronic sinusitis and 
impaired fertility. The cause of Young syndrome is not 
known, but it has been suggested to have an unresolved 
genetic cause, whilst others speculate that it could be due to 
mercury exposure. Young’s syndrome has overlapping symp-
tomatology, with PCD and CF, and since there is little to sup-
port the existence of Young syndrome as an entity in its own 
right, perhaps most patients in fact have one of these 
conditions.

The cause of bronchiectasis in some syndromes is likely 
to be multifactorial. For example, Down syndrome may be 
associated with immunodeficiency, uncoordinated swallow-
ing, gastro-oesophageal reflux and tracheomalacia; all of 
these may contribute to a predisposition to bronchiectasis.

 Idiopathic Bronchiectasis

ERS guidelines for the management of bronchiectasis sug-
gest a minimal set of aetiological investigations upon diag-
nosis [1]. These include differential blood count, serum 
immunoglobulins (total IgG, IgA, IgM) and testing for aller-
gic bronchopulmonary aspergillosis (ABPA). Additional 
tests are recommended where specific clinical features are 
present or in patients with severe or rapidly progressive dis-
ease. Despite thorough investigation, an underlying cause 
cannot be found in at least 30% of patients with bronchiecta-
sis; these cases are referred to as idiopathic [18, 79–81, 117]. 
A typical patient with the idiopathic disease is a non- 
smoking, post-menopausal female, although any age and 
both genders can be affected. Increasingly in the USA indi-
viduals with the idiopathic disease have chronic infection 
with non-tuberculous mycobacteria (NTM).

Some cases of idiopathic bronchiectasis are familial and it 
is likely that a number of patients have unrecognised impair-
ment of the innate immune system, or have one of the 
increasingly recognised CFTR mutations associated with 
milder CF phenotypes associated with isolated lung disease. 
CFTR mutations have been found to be overrepresented in 
individuals identified as suffering from idiopathic bronchiec-
tasis who do not have a full CF phenotype. The 5 T CFTR 
mutation in particular has been found at high frequency in 
this patient group. Recent data suggest that the 5 T polythy-
midine tract sequence of intron 8 on specific haplotype back-
grounds (TG12 and M470V) may underlie low levels of 
full-length functional CFTR protein and cause CF-like lung 
disease [118]. Furthermore a significantly higher number of 
patients with pulmonary NTM have been found to have low- 
frequency, protein-affecting variants in immune, CFTR, 
cilia, and connective tissue genes [119].

The idiopathic disease is often not as severe as CF or 
PCD. A comparison of data in the European bronchiectasis 
registry (EMBARC) between individuals with the idiopathic 

disease compared to PCD and immune deficiency showed 
that individuals with bronchiectasis due to PCD had increased 
disease severity, measured by a bronchiectasis severity index 
7.5  (±4.9), when compared to age- and gender-matched 
cohorts with idiopathic disease 5.7  (±5.2) or immune defi-
ciency 5.9  (±4.7). Analysis of components contributing to 
the bronchiectasis severity index score revealed an average 
10% reduction in FEV1% in PCD and an increased incidence 
of Pseudomonas isolation from sputum in PCD patients 
(46%) [120].

 Diagnosis of Bronchiectasis

Whilst recent evidence-based guidelines recommend 
approaches to identify and investigate adults for bronchi-
ectasis, paediatric practice is based on expert opinion and 
personal practice [16, 121, 122]. The criteria for diagnos-
ing bronchiectasis, based on the guidelines and opinion 
documents are summarised in Box 25.1. Ideally, patients at 
risk of bronchiectasis should be identified before irrevers-
ible damage develops. For example, it is widely accepted 
that newborn screening for CF reduces long-term pulmo-
nary morbidity because of the early introduction of airway 
clearance physiotherapy, treatment of infections and pan-
creatic enzyme therapy. Similarly, in PCD, observational 
data suggest that lung function decline is stabilised and 
can even be reversed following diagnosis and instigation 
of appropriate pulmonary management. We expect that 
onset of bronchiectasis might also be delayed. Moreover, 
patients and their families believe that an early diagnosis is 
beneficial [58].

Guidelines suggest that bronchiectasis should be consid-
ered in patients with persistent production of mucopurulent 
sputum, particularly if they have risk factors [1, 121]. The 
investigation should be considered in patients with rheuma-
toid arthritis or inflammatory bowel disease if they have a 
chronic productive cough; and in patients with COPD who 
are having frequent exacerbations and a previous sputum 
culture for Pseudomonas aeruginosa [121]. It should be con-
sidered in otherwise healthy adults with a cough that persists 
for more than 8 weeks, particularly if the cough is productive 
of sputum [121]. Children with a chronic wet cough failing 
to respond to 4 weeks of oral antibiotics, or recurrent epi-
sodes of protracted bacterial bronchitis are at high risk for 
bronchiectasis [13, 16]. The diagnosis should also be consid-
ered in patients with positive sputum culture for organisms 
such as Pseudomonas aeruginosa, people with persistent 
chest signs, haemoptysis or finger clubbing [16, 121].

A baseline chest x-ray should be performed, and an 
HRCT should then be used to confirm the diagnosis [121]. 
Dilated airways with thickened walls are sometimes visible 
on chest X-ray as parallel ‘tram tracks’ or ‘ring shadows’, 
and fluid-filled bronchi may be visible as ‘gloved-finger’ 
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shadows. Situs inversus might direct investigations for 
PCD. However, a chest X-ray is not sensitive to detect the 
structural changes associated with bronchiectasis. HRCT has 
very good sensitivity and specificity to detect bronchiectasis 
not identified by chest X-ray (Fig. 25.4). Characteristically 
bronchiectasis is defined by bronchial dilation seen on HRCT 
as one or more of the following: broncho-arterial ratio >1, 
lack of tapering, airway visibility within 1 cm of the costal 
pleural surface or touching mediastinal pleura [121]. The fol-
lowing are also associated with bronchiectasis: bronchial 
wall thickening, mucus impaction and air trapping on an 
expiratory scan [123]. HRCT should not be performed dur-
ing acute respiratory exacerbations as bronchial dilation is 
difficult to assess in the presence of consolidated lung, whilst 
pulmonary collapse can cause misleading ‘traction bronchi-
ectasis’ by pulling on neighbouring bronchi [124]. In condi-
tions without biological markers to identify which patients 
will go on to develop significant lung disease repeat CT 
assessments might be required. Caution is advised particu-
larly in patients with PID who have genetic defects affecting 
DNA recombination and DNA repair. Lung MRI may 
become a possible alternative to CT scanning [125].

In addition to imaging, further tests are important to con-
firm the disease severity, and to identify co-morbidities or 
underlying aetiology. Lower airway samples should be sent 
from all patients with bronchiectasis for routine and myco-
bacterial culture [16, 121]. Measures of lung function are 
non-specific and non-sensitive in bronchiectasis, but contrib-
ute to the assessment of disease severity. FEV1 is often nor-
mal in early disease although a reduced FEV1 in the presence 
of normal functional vital capacity is common. The lung 
clearance index is a measure that has been suggested to be a 
good monitor of disease in CF [126] and is being evaluated 
as an early marker of lung disease in other bronchiectatic 
diseases such as PCD [127–130].

Fibreoptic bronchoscopy can be considered to assess air-
way structure and calibre and exclude pathology such as 
severe tracheomalacia, bronchomalacia or tracheal bronchi 
which may contribute to bronchiectatic change. The bron-
choscopic examination can also provide lavage fluid for evi-
dence of chronic aspiration measured by pepsin, amylase or 
fat-laden macrophages, and for culture and microscopy.

Once a diagnosis of bronchiectasis has been made, an 
investigation of the underlying cause should be sought. The 
clinical history should direct investigations which will usu-
ally include investigation for CF, PCD and PID [1, 121].

 Management of Patients with Bronchiectasis

Several guidelines have recently been published for the man-
agement of bronchiectasis. For CF, guidelines include 
evidence- based documents from NICE [131], the CF Trust 

and CF Foundation. There is the paucity of evidence for 
treating other causes of bronchiectasis. At best, recommen-
dations for non-CF-bronchiectasis and PCD are conditional 
and based on the low or very low quality of evidence, but are 
mostly based on the consensus of experts [1, 6, 30, 68, 69, 
121]. No treatments have been licenced worldwide for the 
treatment of non-CF bronchiectasis. The underlying aetiol-
ogy may impact the treatment plan; in children, it is esti-
mated that identification of a specific cause of bronchiectasis 
prompts a management change in over 50% of cases [132].

The overall aim is to delay progression of bronchiectasis, 
and maximise lung function, exercise tolerance, quality of 
life and nutrition. A multifaceted approach is needed to treat 
infections and inflammation, whilst promoting mucus clear-
ance (Fig. 25.1).

Pulmonary exacerbations are a cause of significant mor-
bidity and need to be prevented, recognised and treated in an 
attempt to prevent further lung damage caused by the infec-
tion and inflammation (Fig. 25.1) [123, 133]. Epidemiological, 
clinical and laboratory evidence suggest that bacterial and 
viral infections are major causes of pulmonary exacerba-
tions; environmental pollution might also contribute. Some 
patients do not recover the accompanying reduction in lung 
function despite aggressive treatment of the episode with 
antibiotics and physiotherapy, and in CF patients with higher 
exacerbation rates have an increased rate of decline in lung 
function [134–136]. Pulmonary exacerbations are related to 
neutrophilic inflammation, and neutrophil serine proteases, 
including neutrophil elastase, are increased in the sputum of 
patients at baseline and increase further during exacerba-
tions. Brensocatib, an inhibitor of neutrophil serine prote-
ases, reduced exacerbations in a 24 week phase 2 trial [137].

Management includes promoting clearance of secretions 
and the use of antibiotic therapies both to prevent and to treat 
the recurrent infection. In addition to routine vaccination 
schedules, patients should receive pneumococcal and influ-
enza vaccinations and avoid exposure to tobacco smoke. 
Some CVID patients have been shown to raise antibodies in 
response to the influenza antigens but XLA patients do not. 
Family members of people with PID should also be vacci-
nated [138].

As with many Orphan Diseases, evidence for efficacy of 
treatments (e.g. PCD) is often extrapolated from studies of 
more common disorders such as CF, and may not be appro-
priate for other forms of bronchiectasis [30, 67]. Indeed, a 
number of trials have confirmed that efficacious drugs for CF 
do not necessarily benefit those with non-CF bronchiectasis 
[6, 139–141]. Randomised controlled trials (RCTs) are 
urgently needed for individual diseases, which by the neces-
sity for rare diseases will be multicentre and likely require 
international collaboration. The results of the only multina-
tional RCT for PCD recently confirmed that azithromycin 
prophylaxis is efficacious and safe to reduce pulmonary exac-
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erbations [142, 143]. An important step in designing the 
RCTs includes careful consideration of disease-appropriate 
endpoints which might also differ for bronchiectasis of differ-
ent causes. Exacerbation frequency or time to exacerbation is 
a clinically important endpoint, and consensus definitions are 
now in place for CF, PCD and non-CF bronchiectasis [123, 
133, 144]. Quality of life instruments are also in place, but 
responsiveness to treatment still needs to be established for 
QOL-B and QOL-PCD [145–148]. There is an urgent need 
for disease-specific endpoints for trials in bronchiectasis.

 Airway Clearance Therapy (ACT)

A variety of physiotherapy techniques are available to assist 
airway clearance, including chest percussion, postural 
drainage, breathing exercises and mechanical interventions 
such as cough-assist and positive expiratory pressure (PEP) 
adjuncts and oscillatory-PEP [149, 150]. The aims of ACT 
include mobilising and aiding clearance of secretions to 
optimise sputum expectoration, relieve symptoms, and 
improve well-being. Although of proven benefit in CF, there 
are few studies demonstrating the efficacy of physiotherapy 
in  non- CF bronchiectasis that can guide frequency or choice 
of therapy. Generally, it is agreed that all patients should be 
taught and encouraged to conduct regular ACT [1, 30, 68, 
69, 121, 149–151].

The choice of technique will depend in part on the age of 
the patient, their clinical state, and patient acceptability. Often 
a combination of techniques is employed. A commonly used 
ACT, particularly in adults, is the active cycle of breathing 
technique; this is based upon deep breaths followed by ‘huffs’ 
and ‘coughs’ to aid sputum clearance interspersed with peri-
ods of relaxed controlled breathing. The active cycle of 
breathing can be combined with postural drainage and man-
ual techniques. Positive end expiratory pressure (PEP) tech-
niques using oscillating PEP devices, such as a Flutter valve 
or Acapella, can be combined with postural drainage or forced 
expiration techniques. A further option is the technique of 
autogenic drainage in which a sequence of controlled breaths 
at low then progressively higher lung volumes is used to col-
lect and expectorate sputum.

Nebulised treatments have been shown to assist mucus 
clearance in patients with CF, but efficacy differs in patients 
with bronchiectasis or other causes. For example, recombi-
nant human DNase (rhDNase) lyses neutrophil DNA which 
originates mainly from decaying neutrophils at sites of air-
way inflammation. There is good evidence for its use in CF 
[152]. However, a large study of patients with non-CF bron-
chiectasis showed a faster decline in FEV1 and more frequent 
exacerbations in patients who received rhDNase in compari-
son to those treated with placebo [153]. rhDNase is therefore 
not generally recommended outside CF [1, 30, 121].

Agents such as hypertonic saline and mannitol are often 
used to assist with mucus clearance as an adjunct to airway 
clearance therapy. Nebulised hypertonic saline and mannitol 
often benefit patients with CF, particularly older children and 
adults when used as regular therapy, or during exacerbations 
[154, 155]. However, the benefits for bronchiectasis of other 
causes are less clear, perhaps due to the heterogeneity of the 
studies and populations [1, 139, 156–159].

Associations between physical exercise and lung function 
in CF are inconsistent. However, the benefits of exercise are 
multifactorial and exercise is generally considered an impor-
tant component of management with the aim to improve 
exercise tolerance and quality of life. Exercise programmes 
have been beneficial in CF inpatient, outpatient and commu-
nity settings. Moreover, exercise programmes impact exer-
cise capacity in adults with non-CF bronchiectasis, with 
benefits achieved in 6–8  weeks [1]. Exercise is therefore 
advocated for all patients with bronchiectasis [1, 30, 68, 69].

 Management of Infections

Antibiotic therapy can be prescribed either as long-term pro-
phylaxis or in response to infections.

Guidelines recommend offering long-term antibiotics to 
adults with bronchiectasis who have three or more exacerba-
tions per year [1, 121]. Long-term macrolide treatment, for 
example with azithromycin, is beneficial to reduce the num-
ber of pulmonary exacerbations [143, 160–162]. Macrolides 
have anti-inflammatory effects beyond their anti-bacterial 
actions which may be useful in the context of bronchiectasis 
[163]. In patients with chronic P. aeruginosa infection, long- 
term inhaled antibiotics e.g. nebulised colistin, is recom-
mended [1, 121]. There is a concern that long-term use of 
antibiotics may accelerate the development of antibiotic 
resistance; regular surveillance of sputum by culture and 
sensitivity is essential.

Pulmonary exacerbations require prompt treatment with 
antibiotics. Antibiotic choice should reflect results of sputum 
culture and sensitivities when available, and empirical anti-
biotics can be started whilst awaiting microbiology results 
[1, 68, 69, 121]. Sputum culture is possible only in adults and 
older children who are able to expectorate. In younger chil-
dren, cough swabs or nasopharyngeal aspirates can be taken 
for bacterial culture, although upper airway specimens are 
inferior and broncho-alveolar lavage specimens may be 
required. In general, antibiotic courses for 14 days are pre-
scribed, but the duration should be individualised depending 
on the patient’s condition. Intravenous antibiotics are some-
times required when patients are unwell or do not respond to 
oral therapy, particularly following a second course..

Based on the poor clinical outcomes of patients with P. 
aeruginosa infection, eradication therapy is recom-
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mended for patients with CF and new growth of the 
pathogen [164]. Eradication is similarly recommended 
for new isolates in non-CF cases, although the evidence 
base is low [1, 69, 123].

 Anti-Inflammatory Management

As already discussed, the anti-inflammatory effects of 
macrolide therapy may be beneficial in patients with bron-
chiectasis, but the risks of antibiotic resistance and other 
side-effects need consideration. There is no evidence for the 
use of inhaled corticosteroids in patients with bronchiectasis, 
except where patients have co-existing asthma or COPD [1, 
69, 121]. Similarly, there is insufficient evidence to recom-
mend statins as an anti-inflammatory agent for bronchiectasis 
[1, 121]. A number of approaches to target neutrophil-driven 
inflammation are under investigation (e.g. neutrophil elas-
tase or cathepsin C inhibition).

 Immune Therapy

Efforts to reconstitute the immune system can be effective in 
PID. Recombinant IFNγ therapy, for example, is effective in 
reducing the number of severe infections in CGD [165] and 
recombinant granulocyte stimulating factor can be used in 
severe congenital neutropenia [96]. Systemically adminis-
tered AAT augmentation therapy can be used to treat the 
imbalance between elastases and inhibitors within the lung 
and, in the future, inhaled AAT might be possible. This 
would reduce costs since less protein would be necessary to 
target the lungs directly [166].

Patients with CVID benefit from immunoglobulin substi-
tution therapy [167]. Subcutaneous infusions are better toler-
ated by patients than intravenous infusions and may achieve 
more stable trough levels with a lower risk of adverse reac-
tions [168]. Doses may need to be increased in the presence 
of active lung disease as this increases immunoglobulin turn-
over [169]. Subcutaneous immunoglobulin infusion has been 
demonstrated to reduce the frequency of exacerbations and 
to slow bronchiectasis progression [170]. However, lung 
involvement can progress despite immunoglobulin replace-
ment. Risks of viral contamination are low, although a finite 
risk exists, particularly of prion-related disease. Previous 
guidelines recommended a trough IgG level of at least 5 g/L, 
however in more recent studies higher and individualised 
levels have been recommended.

Newborn screening for primary immune deficiencies 
might be possible to allow treatment before bronchiectasis 
develops. One approach would be based on the detection of 
kappa-deleting recombination excision circles (KRECs). 
KRECs are produced during immunoglobulin gene rear-
rangement throughout B-lymphocyte maturation, patients 

with B-lymphocyte defects will have low levels of or absent 
KRECs regardless of the exact aetiology of the defect [171].

The only curative treatment at present for many immune 
deficiencies is matched stem cell transplantation; patients 
must receive antimicrobial cover, particularly for the organ-
isms they are known to be colonised with for the duration of 
immunosuppression related to this procedure [172, 173]. 
Since the majority of affected individuals will not have a 
healthy HLA-matched sibling donor, techniques including 
T-cell depletion were developed to facilitate donations from 
unrelated donors or HLA-mismatched parental donations. 
Low-toxicity pre-conditioning regimens using targeted 
busulfan doses or treosulfan in combination with fludarabine 
have demonstrated excellent engraftment and survival [174].

Gene therapy provides an alternative strategy with which 
to cure or alleviate select inherited diseases. A corrected 
copy of a gene is transferred to the somatic cells of affected 
individuals. Correction of genetic defects is limited to either 
terminally differentiated, long-lived post-mitotic cells or 
easily accessible stem cells. To treat haematopoietic system 
stem cells, implicated in primary immunodeficiency, a viral 
vector capable of integrating within the host genome is nec-
essary for gene delivery. Barriers to the success of this treat-
ment strategy are: (1) low protein expression due to poor 
gene transfer [175], (2) risk of insertional mutagenesis, [176]  
and (3) immunogenicity of the vector or transgene product 
[177]. Nevertheless gene-modified autologous bone marrow 
transplantation represents a promising treatment, free from 
the immunological complications associated with transplan-
tation from an HLA-mismatched donor.

In order to replenish the peripheral pool of immune cells 
with cells containing the transduced gene, the transduced 
cells must have a selective advantage. For example in ade-
nosine deaminase (ADA) deficiency (a severe combined 
immunodeficiency associated with pneumocystis and other 
bacterial, viral and fungal respiratory infection although not 
commonly bronchiectasis) genetically modified T lympho-
cyte precursors are able to metabolise toxic purine products 
and have a selective advantage over unmodified lymphocytes 
[178]. Similarly, rare spontaneous partial phenotypic correc-
tion of severe T cell immunodeficiencies has been observed 
in which clonal expansion of one or several T cell precursors 
carrying a wild-type sequence of the disease-causing gene 
can differentiate into mature, functional T cells capable of 
supporting normal immunity [179]. For haematopoietic dis-
orders in which wild-type gene expression is essential to the 
function of terminally differentiated cells, chances of suc-
cess can be improved by mild myelosuppressive treatment 
prior to gene-therapy which leads to a higher proportion of 
transduced progenitor cells due to better engraftment.

Following the success of gene therapy treatments for 
severe combined immune deficiency these techniques have 
been applied to a number of monogenic immune deficien-
cies, including X-linked CGD [180]. Initially trials using 
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gamma-retroviruses were complicated by clonal expansion 
of myeloid cells, thought to be due to insertions near cellular 
proto-oncogenes. More recently gene delivery vectors have 
been developed, derived from the lentivirus class of retrovi-
ruses. These can be produced with enhancer elements that 
“self-inactivate” reducing the chances of turning on cellular 
genes near their integration sites. Conditions such as CVID 
which are caused by one of several genes, present a chal-
lenge for gene therapy. Correcting each gene defect will 
require a separate development process. Moreover, gene 
therapy will need to be very effective and safe before it is 
considered preferable to current best medical therapy.

For genes involved in processes such as cell activation 
and intracellular signalling it is important to preserve normal 
expression patterns in addition to restoring function. An 
alternative solution for genes such as BTK, involved in XLA, 
is to repair the disease-causing gene in its native chromo-
somal site. Gene editing relies on systems such as homing 
endonucleases, zinc finger nucleases, Transcription 
 activator- like effector nucleases (TALENs), Clustered 
Regularly Interspaced Short Palindromic Repeats (CRISPR) 
and CRISPR associated protein 9 (CRISPR/Cas9). A repair 
in the target DNA is then directed by providing single or 
double- stranded DNA copies of the target sequence. Recent 
pre-clinical work using CRISPR/Cas9 has demonstrated suc-
cessful repair of defects in stem cells from patients with 
CGD [181]. New conditioning regimens using monoclonal 
antibodies to haemopoietic stem cells proteins might increase 
safety and permit use of gene editing in milder immune defi-
ciencies such as XLA.

 Surgery

Surgical intervention is generally not recommended, 
although it can be considered in patients with localised non- 
functioning lung segments, where it is anticipated that lobec-
tomy may prevent infection of adjacent healthy areas [1]. 
Close collaboration between the surgeon and pulmonologist 
is essential throughout the work-up and peri-operative 
period, with particular attention to pre-operative nutrition 
and pulmonary rehabilitation.

Transplantation should be considered in patients with 
untreatable end-stage respiratory failure. Particular planning 
is needed for PCD patients with situs anomalies.

 Novel Therapies for Managing Cystic Fibrosis

Over recent years ground-breaking small molecule therapies 
that improve and can normalise CFTR function have been 
developed and come into widespread clinical use in CF 
patients. The first of these, a ‘potentiator’ called ivacaftor 
causes the CFTR channel to be ‘wedged open’ and was dem-

onstrated to cause significant improvements in FEV1 (10.6%) 
and body mass index, alongside normalising of sweat chlo-
ride levels in patients over 12 years with p.Gly551Asp muta-
tions (a class 3 ‘gating’ mutation; Fig. 25.3) [182]. Further 
studies demonstrated similar improvements in younger chil-
dren, and it is licensed in Europe for people with susceptible 
mutations from 6  months of age [183–185]. However iva-
caftor had mixed results with class 4 mutations, ion transport 
defects (Fig.  25.3), with improvements in FEV1 seen in 
adults but not in children and did not work in class 2 muta-
tions, protein folding defects that include far the most com-
mon mutation p.Phe508del [186].

Therefore, in order to impact on CFTR function in the 
majority of CF patients with class 2 mutations, the same 
manufacturer developed ‘corrector’ molecules that act to 
correct the abnormal folding of the CFTR protein, hence 
allowing it to be transported successfully to the apical sur-
face of the cell. The first ‘corrector’ developed was luma-
caftor, which was combined with ivacaftor a marketed drug. 
However, whilst a large RCT showed reasonable improve-
ments in exacerbation rates and severity, the improvement of 
FEV1 was small, (2.6–4.0%) in homozygous p.Phe508del 
patients over 12  years of age [187]. Subsequent trials in 
younger patients have demonstrated similar modest benefits 
[188]. The manufacturer has since released a further combi-
nation therapy, swapping lumacaftor for an alternative ‘cor-
rector’ tezacaftor. Whilst this drug seems to have a similar 
effect on lung function to lumacaftor/ivacaftor it has an 
advantageous side effect profile [189, 190].

However, most recently, data on a triple combination ther-
apy has been published. This combines the two medicines 
tezacaftor/ivacaftor) with a second ‘corrector’, elexacaftor. 
This triple therapy led to good improvements in FEV1 in p.
Phe508del. homozygotes and heterozygotes (10–11% and 
13.8% respectively, over and above the beneficial effect 
tezacaftor/ivacaftor), [191, 192] and may be a game-changer 
for the management of the majority of patients with CF.

However, whilst these medicines have a dramatic effect 
on CFTR function they come at a very high cost. All the 
medicines described here have been marketed at well over 
£100,000 per patient per year, with the list price for triple 
therapy at over $300,000, making them unaffordable to many 
who would benefit most from them. The price tag for the new 
triple therapy is, as yet, unknown.

It is also important to mention the efforts made to pursue 
an alternative treatment strategy to correct CFTR dysfunc-
tion. This was led by the CF Gene Therapy Consortium in 
the UK, which developed a nebulised gene therapy. This had 
the potential advantage of correcting all classes of CF muta-
tions and was assessed in a phase 2b RCT. However, whilst 
establishing the proof of principle of this complex science, 
the actual clinical improvements seen in CF patients were 
small, with only a 3.7% difference in FEV1 between the 
treatment and placebo arms [193].
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Vignette
A patient was referred for PCD diagnostic testing at 
4 years of age (see PCD details above). She had been 
born at term and was noted to have nasal congestion and 
tachypnoea from shortly after birth, but did not require 
medical intervention. Throughout infancy, she had recur-
rent chest infections and a daily wet productive cough. 
She also had glue ear treated with grommets which 
resulted in otorrhea and no improvement in hearing. She 
had normal cardiac situs and her parents are white 
Caucasian and non-consanguineous. Her sister has a 
glue ear but there is otherwise no family history of note.

Using high-speed video analysis it was impossible to 
obtain an accurate beat frequency on two separate occa-
sions. The cilia demonstrated stiff vibrating movements 
rather than the usual coordinated sweeping motion. 
Electron microscopy demonstrated normal ultrastructure 
(Fig. 25.5) with the normal arrangement of microtubules 
radial spokes and outer dynein arms. In view of the nor-
mal transmission electron microscopy, genetic analysis 
was undertaken, confirming mutations in DNAH11 gene; 
this gene had previously been reported as a cause of PCD 
with normal ciliary ultrastructure [194].

Since diagnosis, she has commenced twice daily 
airways clearance (physiotherapy) and is aware of the 
need for prompt treatment of any intercurrent infec-
tion. In addition to the usual childhood vaccinations, 
she has influenza cover annually. She is reviewed by a 
multidisciplinary team that includes a respiratory pedi-
atrician, ENT consultant, physiotherapist and respira-
tory nurse 4 monthly. She also has audiology reviews 
annually to monitor the need for hearing aids.

Box 25.1

Diagnostic criteria for bronchiectasis in adults and children 
(adapted from British Thoracic Society guidelines for adults 
2019 [121] and an expert statement for children [16])
Bronchiectasis is defined as thin-section CT scan showing 
one or more of the following:
   • Broncho-arterial ratio > 1
   • Lack of bronchial tapering
   • Airways visible within the lung periphery
Other CT features commonly associated with bronchiectasis 
include:
   • Bronchial wall thickening
   • Mucus impaction
   • Mosaic perfusion/air trapping on expiratory CT
Following a diagnosis of bronchiectasis, investigate the 
underlying cause. Consider:
   • Cystic fibrosis
   • Primary ciliary dyskinesia
   • Immune deficiency
   • Rheumatoid arthritis
   • Chronic obstructive pulmonary disease (COPD)
   • Inflammatory bowel disease

Learning Points from the Case

• PCD often presents in the neonatal period but diagnosis is 
often delayed until later childhood [27].

• Diagnostic evaluation is often complicated and requires 
specialist expertise [56, 195].

• Although 50% of patients have situs inversus, the diagno-
sis should be suspected in patients with situs solitus if 
other symptoms are present.

• Management of non-pulmonary disease necessitates the 
involvement of a multidisciplinary team, which may include 
ENT, audiology, cardiology, and fertility specialists.

• Consensus statements are available to provide guidelines 
for management of PCD [30, 68, 69]. However evidence 
is extrapolated from more prevalent diseases, mostly CF; 
this is almost certainly inappropriate.

 Summary

It is likely that the true incidence of bronchiectasis with a 
genetic basis is underestimated. As our understanding of 
innate immunity, cilia biology and ion-transport disorders 
are better characterised, the aetiology of many cases cur-
rently labeled as ‘idiopathic’ will become better understood. 
As with other Orphan Diseases, the diagnosis and manage-
ment of patients with bronchiectasis are largely determined 
by local interests and provision, and many patients find it 
difficult to access appropriate care. Most doctors have little 
experience with rarer causes of bronchiectasis and will base 
management on evidence from CF. Indeed, the evidence base 
for managing non-CF bronchiectasis is poor. The CF com-
munity has made substantial advances in recent decades, 
resulting in improved morbidity and mortality. Whilst these 
advances have been beneficial to the care of patients with 
non-CF bronchiectasis, disease-specific treatments are 
urgently needed.
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