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Bronchiectasis (BE) is a chronic condition affecting the bronchial tree. It is characterized by the dilatation of large and medium-sized airways, secondary to damage of the underlying bronchial wall structural elements and accompanied by the clinical picture of recurrent or persistent cough. Despite an increased awareness of childhood BE, there is still a paucity of data on the epidemiology, pathophysiological phenotypes, diagnosis, management, and outcomes in Africa where the prevalence is mostly unmeasured, and likely to be higher than high-income countries. Diagnostic pathways and management principles have largely been extrapolated from approaches in adults and children in high-income countries or from data in children with cystic fibrosis. Here we provide an overview of pediatric BE in Africa, highlighting risk factors, diagnostic and management challenges, need for a global approach to addressing key research gaps, and recommendations for practitioners working in Africa.
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Introduction

Bronchiectasis (BE) is a chronic condition affecting the bronchial tree, characterized by the dilatation of large and medium-sized airways secondary to damage of the underlying bronchial wall structural elements (1). The European Respiratory Society (ERS) defines childhood BE as “an umbrella term for a clinical syndrome of recurrent or persistent wet/productive cough, airway infection and inflammation, and abnormal bronchial dilatation on chest computed tomography (CT) scans” (2). The condition is therefore an end-point of chronic inflammation from severe or recurrent insults, and an important cause of respiratory disease in children (3). Despite an increased awareness of childhood BE, there is still a paucity of data on the epidemiology, pathophysiological phenotypes, diagnosis, management, and outcomes in Africa where disease burden is likely to be higher than in high-income (HIC) settings. Although over 50% of the world's children live on the African continent, where infectious risk factors for BE are common, there is a gross paucity of relevant data from this region to inform prevention and management practices. Diagnostic pathways and management principles have largely been extrapolated from approaches in adults and children in HIC or from literature on cystic fibrosis (CF). This commentary provides an overview of pediatric BE in Africa, highlighting risk factors for BE, diagnostic and management challenges, the need for a global approach addressing key research gaps, and recommendations for practitioners working in Africa.



Burden of pediatric bronchiectasis

Bronchiectasis has previously been labeled an “orphan” disease, however, with increasing availability of chest CT imaging, a number of studies have shown that this is not true (2–7). Indeed a disproportionately high incidence of pediatric BE is reported in socioeconomically deprived first nation populations in HIC, including Australia (8), New Zealand (9), Alaska (10) and Canada (11); however BE is by no means restricted to these populations. Documented risk factors for pediatric BE in these settings include: recurrent lower respiratory tract infections (LRTI), pulmonary tuberculosis (PTB), differences in the airway microbiome, genetic predisposition, socioeconomic strata, and poor access to medical care (8, 12–14).

Data from the African continent on the burden of pediatric BE is lacking, however few studies have reported that a high proportion of children attending respiratory and human immunodeficiency virus (HIV) treatment clinics in Africa have BE (15–17). Some factors associated with an increased risk of BE in Africa include: (i) an increased burden of LRTI and severe LRTI, including PTB (18–20), (ii) a heavy burden of pediatric HIV infection, with 60% of the world's children living with HIV (CLWH) residing in sub-Saharan Africa (SSA) (21), (iii) lower childhood vaccine coverage rates for organisms such as Bordetella pertussis, Streptococcus pneumoniae, Haemophilus influenzae, and measles; with the African vaccine coverage rates at approximately 79 and 72% for the third diphtheria-tetanus toxoids-pertussis and Haemophilus influenza type b vaccines, respectively, 68% for the third dose of pneumococcal conjugate vaccine, and only 36% for the second dose of the measles vaccine (22), (iv) lower socioeconomic status, (v) poor access to medical treatment and medical follow-up (23), and (vi) lower levels of education regarding the identification and management of chronic wet cough and persistent bacterial bronchitis (PBB) in caregivers and medical practitioners (24).



Pathophysiology

Chronic neutrophilic inflammation promotes damage to mucosal, submucosal, and muscular components of the airway bronchial wall, eventually causing dilatation of the airways. Described as Cole's vicious cycle hypothesis; the chronic inflammation, hypersecretion of mucus, impairment of muco-ciliary clearance mechanisms and bacterial colonization perpetuate the cycle of damage to the airways (25). Recently this process has been defined as a vortex, or the vicious infection-inflammation cyclic theory, where airway dysfunction, inflammatory responses, structural disease, and infection all contribute to development of BE, with a complex interaction between the pathophysiological mechanisms (26). For example, in CLWH, there is not only neutrophilic-driven airway inflammation, but also an exaggerated local and systemic immunological response to bacterial and fungal pathogens, contributing to BE (27). More research is needed in African populations where BE is more prevalent to delineate specific pathophysiological mechanisms to identify pathways for therapeutic intervention.



Etiology

The etiology of BE is well described in HICs, but the proportional weighting of causes differs between and within populations in the same country or region (6, 11, 13, 28). The largest proportion of pediatric BE, from both HICs and low- and middle-income countries (LMICs), is due to either post-infectious or idiopathic causes (9, 29–31). Other causes include CF, primary ciliary dyskinesia (PCD), primary immunodeficiencies (PID) and aspiration syndromes (29, 30). CF is reported to be more common in children with European ancestry (32), and aspiration syndromes in children with neurological impairment. Data from LMICs such as India and Thailand found that post-infectious causes were the most commonly described; in China, idiopathic and post-infectious causes were most common (13). In less affluent indigenous populations residing in HICs, post-infectious causes are most commonly described, although genetic predisposition may play a role (10, 12, 33). Access to specialized diagnostic tools may also contribute to the changing etiology recently described in Turkey, where improved investigation of BE have led to an increased diagnosis of PCD and PID, and less cases attributed to post-infections causes (34). Describing the etiology of BE through population based studies in Africa is crucial to establishing preventative and management guidelines.

There is also variability with regards to the causative pathogens in post-infectious BE, with PTB being highly prevalent in SSA. In 2020, according to the World Health Organization Global tuberculosis report, Africa accounted for 25% of all new TB cases globally, 12%, of these cases occurring in children aged <15 years, which translates into an estimated 355 000 (uncertainty level 308 000 – 401 000) new cases in children aged <15 years, and 93 000 deaths (35). There is very little data on the characterization of post-TB lung disease, particularly in children, as most TB programs regard TB cure as an end-point to care without long-term follow up (36–38). Lower respiratory tract (including pneumonia) infection is also a risk factor: Western and Central Africa has one of the highest globally reported incidences of pneumonia in children (1 620 per 100 000 children); in a well vaccinated cohort of children from Cape Town, the incidence of LTRTI in the first 2 years of life was reported as 0.51 and 0.25 episodes per child year, respectively (39, 40). With limited molecular characterization of bacterial and viral causes of severe LRTI, risk-stratification of those with severe infections, who may require follow-up, for example with severe adenoviral or B. pertussis infections, is not possible in SSA (41).

More than 67% of the 37.7 million people living with HIV, of which 1.7 million are aged <15 years, reside in SSA. Of these 1.7 million CLWH, only 59% have been initiated on highly active antiretroviral therapy (42). The lungs are a primary target for infections in CLWH, with recurrent and severe LRTI, increased risk of TB infection, infection with opportunistic organisms, as well as immune dysregulation by HIV causing inflammation and an altered lung microbiome, all potential precursors of BE (21, 27, 43–46). In older children and adolescents with perinatally-acquired HIV in Zimbabwe, chronic lung disease was common (86%); between 33% (28/84) and 43% (24/56) had confirmed BE on high-resolution CT (15, 16). Furthermore, prior severe LRTI and PTB were associated with four- to five-fold increased risk of BE respectively in this group, who were well controlled on anti-retroviral therapy (ART) (47). Early access to ART decreases risk of LRTI (48), improves lung function outcomes, and reduces sputum bacteriological carriage in CLWH (49, 50), highlighting the importance of strengthening access to timely HIV diagnosis and prompt ART initiation for all CLWH.

Access to specialized diagnostic tools may also contribute to a change in the etiology. In most African countries, limited financial resources preclude access to extensive investigations for confirming the cause of BE, for example; for CF sweat testing and genetic testing are limited to a few specialized centers in Africa, and local mutation data is largely unavailable. For PCD there is limited testing capacity with ciliary brushings and electron microscopy, as well as genetic testing and exhaled nitric oxide equipment (51); for primary immunodeficiencies (PID) an inability to perform an expensive panel of tests; and a lack of radiology facilities to diagnose aspiration syndromes. The implications of this would be that the underlying diagnosis of the etiology leading to pediatric BE in Africa will remain largely unknown, and the post-infectious and idiopathic groups dominant, until further well-resourced research can be performed in African populations with the full spectrum of diagnostic tools available.



Diagnosis/investigations

According to recent consensus guidelines, the diagnosis of pediatric BE relies on both a consistent clinical syndrome and documented airway dilatation on chest CT scan (2). In Africa, where resources are not readily available or limited to specialized centers, the absence of chest CT confirmation leads to a under-recognition of BE with delays in management and poorer long-term outcomes (15, 52, 53). This lends itself to a lack of public awareness and subsequent decrease in public spending where resources are already in short supply. The chest radiograph may be the only available imaging modality, and is useful for diagnosing the more severe spectrum of BE. It is not uncommon to have non-specific x-ray changes on chest radiography in patients with CT scan confirmed BE, however if specific chest radiography changes are present, it usually indicates severe disease. Therefore, in Africa, an approach to the diagnosis and early implementation of treatment for BE may need to be based on clinical and chest radiograph criteria that is accessible and feasible–we propose an alternative diagnostic algorithm (Figure 1).
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FIGURE 1
 Diagnosing and investigating childhood bronchiectasis in Africa.


It has been suggested that a minimum panel of tests should be performed in children with confirmed BE (2). These include a full blood count, immunological testing (total Immunoglobulins A, G, M and E and specific immunoglobulin vaccine responses), a sweat test, spirometry, and lower airway bacteriological surveillance. Additional tests are recommended based on the clinical presentation of the child, and these may include more substantive immunological tests, bronchoscopy for airway bacteriology, and tests for the work-up of aspiration and gastro-esophageal reflux disease, as well as for PCD. These minimum panel of tests is however based on available data from HIC, and it remains unknown whether this panel would comprehensively cover the main etiologies from Africa, and is definitely not economically viable for most of the continent. The guidelines do make provision for additional testing, including HIV testing and PTB screening, in areas where these diseases are endemic, such as in SSA.

HIV testing in SSA is routinely and vigorously applied, leading to the earlier diagnosis and management and a subsequent decrease disease burden. Further, work-up for PTB is extensively performed for children with LRTI. These approaches may contribute to the decreasing the burden of pediatric BE, although studies confirming this need to be performed.

Sputum surveillance is one of the cornerstones in the work-up for pediatric BE, and provides objective data on the real-time management of an acute exacerbations in BE. There are a few studies describing airway bacteriology from the African continent, and the results are similar to those undertaken outside Africa (43, 54). However, a higher carriage rate of Moraxella catarrhalis and S. pneumonia (including higher rates of penicillin non-susceptibility) has been reported in CLWH that have chronic lung disease (CLD) compared to those without CLD (50).

Pulmonary function testing is not readily available in SSA, except in a few specialized centers, severely impacting the ability to assess the severity of BE or to gauge the response to treatment. Recent efforts to collect normal pulmonary function data in Africa has gained momentum, and recommendations for pulmonary function equations to be used in Africa has been published (55–59). Pulmonary function data on HIV-exposed uninfected children and CLWH have been published (15, 60–62). Further studies from Africa describing pulmonary function data in pediatric BE, and stratifying according to etiology, is urgently required.

There is a need to develop a diagnostic approach algorithm that is suited to Africa, and based on data generated from local research complementing data extrapolated from HICs, thereby taking into consideration the economic and logistical constraints found in Africa, but also optimizing the utility of the resources that are available.



Management

Basic management principles of BE include: treating the underlying cause that has resulted in the BE, managing the symptoms and complications, and protecting the lungs from further injury. Lung protective strategies include aggressive treatment of any future LRTI or respiratory exacerbations, immunization against common childhood respiratory pathogens, such as Influenza, S. pneumonia, H. influenzae, B. pertussis, and measles, and the avoidance of environmental tobacco smoke, including second and third-hand smoking, and indoor biomass fuel exposure. Specific treatment should be tailored to any underlying condition and appropriate management instituted, we suggest a panel of management strategies stratified to availability and level of care in Africa (Table 1).


TABLE 1 Management of bronchiectasis in Africa.
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The backbone of treatment for BE is airway clearance and treatment of acute infections or exacerbations (2). Airway clearance is achieved through a wide variety of techniques, from positioning and chest percussion alone, to active cycle breathing techniques, and the application of instruments to aid in airway clearance. The manual airway clearance techniques are freely available to all and easy to learn and should be actively taught and encouraged in countries where instruments used for airway clearance techniques are not easily available or affordable (63, 64). Institution of low-cost pulmonary rehabilitation (PR) programs can be done for children to improve quality of life and even in remote rural areas, use of mobile technology can assist parents and children with PR.

LRTI episodes and severity can effectively be reduced with the appropriate use of affordable antibiotics and increasing immunization coverage, decreasing both new cases of post-infectious BE, as well as preventing further damage to the lungs of children with BE (65, 66). In Africa, there is the potential to greatly decrease the burden of post-infectious BE with early identification of children at risk of developing BE. Appropriate antibiotic therapy and follow-up of children with the chronic “wet” cough are key interventions. Recent studies have shown that chronic “wet cough” may be part of a spectrum that encompasses chronic “wet” cough, PBB, and eventually BE, and that a window of opportunity is afforded to clinicians to arrest the development of BE if managed timeously and correctly (67). Early recognition by the caregiver and medical practitioner is therefore of paramount importance. There has been an increase in education regarding these conditions in HICs recently, and this has also started expanding to Africa, although much work remains (68, 69).

General alleviation of poverty, with improved access to medical care and medical education will decrease the burden of LRTI in the community, as well as facilitate early diagnosis and timely referral of children with BE to specialized centers. Although it is not possible to access or afford many of the specialized treatments targeting specific etiologies of BE in Africa, such as CF or PID, treatment options are available to manage some of the most common causes of BE in these areas. Advocacy is required to create regional or national centers of excellence to better understand the etiology and outcome of BE in Africa, and more importantly, to address inequalities in child health in Africa and globally.



Outcome

The outcomes of children with BE are dependent on both the underlying disease leading to the BE, as well as the severity of the BE itself (70). Children with BE that is not due to CF tend to have worse pulmonary function than those with CF (71). Conflicting results have been reported on the long-term lung function trajectories of children in Africa, with the outcome or economic burden of BE in Africa largely unknown. Early HAART initiation has been associated with lung function improvement in the first 2 years following initiation, but this may not be sustained; the impact of nutrition on BE and lung function trajectories, needs further exploration, as severe acute malnutrition was not associated with worse lung function at seven years post-treatment, in survivors, however, this was not in children with BE (49, 72). Longitudinal data needs to be collected on children with BE from Africa, to document the effect of differing etiologies of bronchiectasis on the long-term outcome of patients. Studies from HICs indicate that there is an increased rate of health care utilization among children with BE (7, 49, 52, 72, 73).



Research

The establishment of registries are key to answer many key questions including outcomes of children with BE. Until recently there have been no known registries or databases from Africa, but in 2020 the BACPAC (Bronchiectasis in African Children: Prevalence, Etiology and clinical spectrum) Network was established in South Africa, with the potential to expand through-out Africa. This network has two objectives, the first being to establish a bronchiectasis registry, and the second to investigate children with chronic (>8 weeks) cough, who do not respond to appropriate antibiotic treatment. This network will provide some of the first descriptive data on children with bronchiectasis from a developing country, thereby providing population specific and LMIC information that has been lacking so far in the study of pediatric bronchiectasis.



Recommendations

As highlighted above, there are many challenges in all aspects of BE care in Africa, including early case detection, diagnosis, and management. Large strides have been made in the past decade with African-led research examining important aspects in pulmonary health, however efforts to address the upstream factors that continue to drive child health inequities need to be addressed. In Africa, large improvements can be achieved even within the financial and logistical constraints that are prevalent in Africa. These can be broadly divided into improving current definitions of bronchiectasis (to facilitate appropriate treatment and address knowledge gaps), contextual diagnostic and management pathways, establishing disease registries, strengthening research capacity and collaborations, and advocacy.


Definition

We propose an alternative definition of BE that is focused on prevention and clinical management, can be applied more easily in Africa and other LMICs, and will help facilitate global efforts to address knowledge gaps. This definition is based primarily on the presence of the clinical syndrome of BE and chest radiograph, which is much more readily available and reduces the need for CT scan to select cases, whilst offering pathways to care when CT scans are not accessible. The proposed new definition would be divided into three groups (Suggested definition and flow detailed in Figure 1):

i) Confirmed BE: clinical syndrome of BE and CT scan confirmation of dilated bronchi.

ii) Unconfirmed BE: clinical syndrome of BE and chest x-ray changes consistent with BE (not confirmed on CT).

iii) Possible BE: clinical syndrome of BE, but no chest x-ray evidence of BE nor access to CT scan.



Investigation and treatment

Children with possible BE should be investigated for etiology and baseline severity as with unconfirmed/confirmed BE. All possible / unconfirmed / confirmed BE should be started on a pulmonary rehabilitation (PR) program taking into context available resources and education of caregivers and children. Children with possible BE require regular follow up at least 3–6 monthly and a clear written plan to the primary care center/clinic in case of acute exacerbations, particularly to those living in more remote rural areas. Harm reduction with education of caregivers and children on the exposures to tobacco smoke and biomass fuel should form part of the package of care.

Contextual African diagnostic and management pathways need to be established, based on local population data and take into consideration the economic and logistical constraints, as well as focus on African etiology and management options. These pathways need to be widely distributed and available to all health care workers, and in due time become standard practice of care. In this way early detection and management of BE will improve the long-term lung health on the continent.



Research capacity strengthening

A Pan-African Research collaboration network needs to be established to better define chronic respiratory disease including BE. The Pan African Thoracic Society would be a platform to facilitate and create such a collaboration. Well-designed African-led studies that would address the research gaps and inform policy to improve outcomes are needed. Trans-continental collaboration with other established networks and research collaborators in HIC are also necessary to share experiences and expertise.



Registries

The expansion of the existing BACPAC registry to a Pan African Registry. Representation from the BACPAC group has been included in the Children's Bronchiectasis Education, Advocacy and Research Network (Child-Bear-Net), a group of doctors from around the globe, with a joint interest of setting up regional and global bronchiectasis registries, in order to adequately describe the prevalence of the problem and to improve the general care and management, and thereby the outcomes of children with bronchiectasis, as well as to promote parental and caregiver education regarding the disease. Consideration for including updated definitions in this registry is recommended.



Advocacy

In the meantime, while we address the unmet needs in BE in Africa, much can be done to improve the general management and therefore the outlook of children with BE in Africa. Community and health care worker education and general lung protective measures can be strengthened in the community, through improved access to immunization programs, prevention and early diagnosis of HIV, and access to antibiotics for LRTI, including PTB treatment, as well as improved access to ARVs. There is a need to train and improve awareness among clinicians on existence of BE in children, identification of at risk children, and early recognition of clinical signs suggestive of BE.




Conclusion

Due to limited resources and access to special investigations BE is largely under-recognized and under-appreciated in Africa. Providing simple algorithms to identify at risk children may assist in earlier identification and management of children, hence preventing or ameliorating disease. Strengthening research capacity through pan-African research collaborative networks and creation of a registry will assist in answering key research gaps and informing optimal clinical practice and effective policy.
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