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ABSTRACT

Introduction Contemporary data on the burden of chronic
respiratory diseases in sub-Saharan Africa is limited.

More so, their economic burden is not well described.
This study aims to establish a chronic respiratory disease
observatory for Africa. Specific study aims are (1) to
describe the prevalence and determinants of asthma with
a target to screen up to 4000 children and adolescents
across four African cities; (2) to determine the prevalence
and determinants of chronic obstructive pulmonary
disease (COPD) with a target to screen up to 3000 adults
(>18 years) across five African cities; (3) to describe the
disease burden by assessing the frequency and severity of
symptoms and exacerbations, medication use, emergency
healthcare utilisation and hospitalisation; and (4) to assess
the economic burden and affordability of the medicines for
these diseases.

Methods and analysis Surveys will be conducted

in schools to identify children and adolescents with
asthma using the Global Asthma Network screening
questionnaire in Ghana, Nigeria, the Democratic Republic
of Congo, and Uganda. Community surveys will be
conducted among adults using an adapted version of

the Burden of Obstructive Lung Disease Questionnaire

to identify persons with COPD symptoms in Nigeria,
Burkina Faso, Mozambique, Rwanda, and Sierra Leone.
Fractional exhaled nitric oxide and pre-bronchodilator

and post-bronchodilator spirometry will be done for
children with asthma or asthma symptoms and for all
adult participants. Children and adults with respiratory
symptoms or diagnoses will complete the health economic
questionnaires. Statistical analysis will involve descriptive
and analytical statistics to determine outcomes.

Ethics and dissemination Ethical approval has been
obtained from participating institutions. This study’s results
will inform deliberations at the United Nations General
Assembly high-level meeting on non-communicable
diseases in 2025. The results will be shared through
academic conferences and journals and communicated to
the schools and the communities.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The prevalence of asthma and chronic obstructive
pulmonary disease (COPD) is available only for a few
African countries and the economic impact of these
diseases has not been well described in the con-
tinent. There is a need for broad-based data from
Africa on these common respiratory diseases.

WHAT THIS STUDY ADDS

= This study will provide contemporary and stan-
dardised data on the prevalence, determinants
and economic impact of asthma and COPD across
different age groups from nine African countries.
Additionally, it will provide much-needed data on the
pattern of airway inflammation from a large African
population.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings will guide advocacy and inform poli-
cy that might improve the current state of disease
management and outcomes in Africa.

INTRODUCTION

The WHO reports that non-communicable
diseases (NCDs) account for up to 70% of
global mortality, with three-quarters of NCD-
related deaths occurring in low-income and
middle-income countries (LMICs), largely
due to increased exposure to the risk factors
and limited access to health services.' Chronic
respiratory diseases (CRDs), together with
diabetes, cardiovascular disease and cancer,
are four priority diseases responsible for 80%
of NCD-related mortality.
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Reduction in the burden of NCDs is a global priority,
with the WHO targeting a 25% reduction in mortality by
2025.! Similarly, the United Nations (UN) Sustainable
Development Goal 3.4 (SDG 3.4) targets a one-third
decrease in premature deaths due to NCDs by 2030.
Achieving these goals requires multisectoral interven-
tions, including achievement of SDG 3.8, ‘access to safe,
effective, quality and affordable essential medicines and
vaccines for all’. A UN high-level meeting on NCDs is
planned for 2025 to assess progress towards achieving
the 2030 SDG goals. Contemporary data on the burden,
determinants and access to diagnostics and medicines
for managing NCD, including CRDs, must be available in
time for that meeting.

Sub-Saharan Africa (sSA) bears a substantial burden of
CRDs, with the prevalence of asthma across all age groups
ranging between 10% and 15%,” * and the prevalence of
chronic obstructive pulmonary disease (COPD) between
1.7% and 24%.>”" The wide variation in the prevalence
of these diseases is partly attributable to differences in
case definition and study methodology. Data from many
African countries are also limited, making it difficult to
estimate the regional disease burden. Contemporane-
ously, underdiagnosis is a major challenge in the region,
contributing to poor disease outcomes. For example,
data from Nigeria reports an under-diagnosis rate of
about 50% and 99% for asthma and COPD, respec-
tively.® ¥ Uncontrolled asthma is associated with absen-
teeism, poor health-related quality of life and increased
mortality.'” "' In Uganda, preventable asthma deaths
occur at rates three times higher than in high-income
countries.' ' COPD is projected to be the third leading
cause of death by 2030, and currently, 90% of COPD
deaths occur in LMIC, where resources for prevention,
diagnosis and treatment are scarce."”

In addition to the health burden, CRDs impose an
economic burden on patients, their families and society.
Inhaled medicines are the cornerstone for treating
asthma and COPD; access depends on availability and
affordability. Data from a few individual African coun-
tries suggest these medicines are not readily available and
mostly unaffordable.'*'® Economic costs are categorised
as direct costs incurred from using healthcare resources
for diagnosis and treatment and indirect costs from lost
productivity or absenteeism.'” Indirect costs include
income loss due to caregiver absenteeism and reduced
productivity borne by co-workers who unexpectedly work
without their colleagues. COPD-related lost work days
were reported as 16.4million in the USA in 2010 (aver-
aging 3.2days lost per worker with treated COPD)."
Due to underdiagnosis and undertreatment of asthma
and COPD in sSA, the total societal economic burden of
these diseases is expected to be much higher.

The purchase of medicines accounts for the highest
direct costs incurred in managing CRDs.'” ' In most
parts of Africa, where payment is largely out of pocket,
management of CRDs leads to catastrophic health costs,
with the poorest being the most affected."” Medication

prices vary between countries due to differing subsidy
rates, margins and procurement strategies.'*

Health policies and interventions are underpinned by
evidence from reliable data sources that show the burden,
determinants and consequences of disease as well as the
cost-effectiveness of potential interventions. The wide
variation in the global burden of asthma and COPD merits
regional surveillance to inform local and international
policymaking. It is likely that the limited availability of
facilities and medicines for managing asthma and COPD
in parts of sSA partly reflects low prioritisation due to the
inadequate information on disease burden. Broad-based
data from studies that use standardised methods imple-
mentable in various settings are well suited to provide
the much-needed reliable comparative data to drive poli-
cies. A few but not all African countries are included in
the largest global epidemiological surveys of asthma and
COPD: the Global Asthma Network (GAN) study” and
the Burden of Obstructive Lung Disease (BOLD) study.*
Furthermore, the lack of information on the economic
burden of CRD in African countries and insufficient
information on medication availability and affordability
underscore the need for a broad-based regional study.

Disease observatories provide high-quality, relevant
regional health intelligence that informs public health
policies. By synthesising existing data and targeted data
collection using strong networks, chronic disease obser-
vatories serve as a repository of health data accessible to
all who need them. The agenda-setting for disease obser-
vatories is time-sensitive and evolves based on epidemi-
ological trends, available resources and policy needs.
Hence, the initial focus of this chronic respiratory disease
observatory for Africa (CHEST-Africa) is on asthma and
COPD, the most common non-communicable respira-
tory diseases.

We set out to establish CHEST-Africa, with the aim of
providing standardised data on the prevalence, burden
and determinants of asthma and COPD in sSA, including
the economic burden and the current state of avail-
ability and affordability of medicines for these diseases.
The observatory focuses on collating data across the
life course, from children, adolescents and adults by
using predominantly digitalised primary data collection,
management, analysis and presentation tools. We will
draw on the well-established methodologies and expe-
rience of the GAN and BOLD consortia in conducting
large-scale global surveys for CRD for data collection,
processing, analysis and presentation.

Aims and objectives

The overall objective of CHEST-Africa is to provide a

cross-sectional view of accessible data on the prevalence,

risk factors and economic burden of asthma and COPD

in sSA. The primary objectives are:

1. To describe the prevalence and determinants of asth-
ma with a target to screen up to 2000 children (6-7
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Figure 1 Thematic framework for CHEST-Africa. CHEST-Africa, chronic respiratory disease observatory for Africa.

years old) and 2000 adolescents (13-14 years old)
across four sSA cities.

2. To determine the prevalence and determinants of
COPD with a target to screen up to 3000 adults (>18
years old) in five sSA countries.

3. To describe the disease burden among those identi-
fied by assessing the frequency and severity of symp-
toms and exacerbations, medication use, emergency
healthcare utilisation and hospitalisation for these
CRDs.

4. To assess the economic burden of asthma and COPD
among those identified with either disease.

A secondary objective is to evaluate access to treatment
by surveying the availability and affordability of medi-
cines for managing asthma and COPD in sSA.

The data collected from these studies will be used
to initiate an online dashboard of the burden of CRD
in Africa. Figure 1 shows the thematic framework for
CHEST-Africa.

Study design

This is a multicountry cross-sectional survey involving
the assessment of asthma in children and adolescents
and COPD in adults across nine African cities (Kumasi,
Ghana; Kampala, Uganda; Kano, Nigeria; Lubumbashi,
Democratic Republic of Congo (DRC); Lagos, Nigeria;
Ouagadougou, Burkina Faso; Freetown, Sierra Leone;
Kigali, Rwanda; Maputo, Mozambique). This will include
the measurement of lung function using spirometry and
the measurement of eosinophilic lung inflammation
using the fractional exhaled nitric oxide (FeNO) test.
In those identified to have asthma and COPD, a health
economic questionnaire has been designed to capture
the individual direct and indirect costs of asthma and
COPD care. Additionally, surveys of public and private
pharmacies will be conducted across these nine cities and
other sSA cities to determine the availability and afforda-
bility of medicines for asthma and COPD.

METHODS

Site investigators

Data collection at all nine urban cities will be led by a
local principal investigator with an academic position at
an African University or research institute.

Study participants

The study participants will comprise males and females
of four age groups: 6-7 years, 13—-14 years, 18-39 years
and >40 years.

Participant recruitment and data collection

Children and adolescents will be recruited from schools
and adults will be recruited from the community
(figure 2). Spirometry and FeNO levels will be measured
for all children and adolescents who have a diagnosis
of asthma or symptoms suggestive of asthma and for all
adult participants.

The economic burden data will be collected only from
children, adolescents and adults with symptoms sugges-
tive of asthma or COPD.

Figure 2 shows the flow diagram for recruitment of
participants and data collection.

Recruitment of children and adolescents

All children and adolescents will be recruited from
schools in four cities (table 1). Schools will be selected
at random from a sampling frame provided for each
participating site, including private and public primary
(6-7years—children) or secondary (13-14years—ad-
olescents) schools. Following local requirements for
establishing contact, seeking permission from the school
management and gaining access to the schools, each site
will aim to recruit a minimum sample of 1000 children
from the selected schools. All children within the target
age group in selected schools who assent and whose
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Figure 2 Flow diagram of the recruitment and data collection process. *Screened positive for asthma, **Screened negative
for asthma, ***Screened positive for asthma or COPD, ****Screened negative for asthma or COPD.

parents provide informed consent will be eligible to
participate. Children with chest wall deformities or those
on active tuberculosis treatment or other contraindica-
tions for spirometry will be excluded from testing.

Recruitment of adults

Adult participants (18-39 years or >40 years) will be
recruited from selected households using multistage
cluster sampling of pre-defined government-demarcated
areas in five cities (table 1). Clusters (administrative/

enumeration areas) will be selected by simple random
selection. Within each selected cluster, households will
be selected randomly. For each selected household,
a maximum of one male and one female belonging
to the target age group will be recruited. Where more
than one male and/or one female household member
is of the target age group, a Kish approach will be used
to select one of each sex. The Kish selection method is
widely used in epidemiological surveys to reduce bias in
selecting household members.* It uses a number grid to

Table 1 Study sites, disease focus and age group and of participants

Country City Age group (years) Disease focus Target sample size
Ghana Kumasi 6-7 Asthma 1000
Uganda Kampala 6-7 Asthma 1000
Nigeria Kano 13-14 Asthma 1000
DRC Lubumbashi 13-14 Asthma 1000
Burkina Faso Quagadougou 18-39 COPD 600
Nigeria Lagos 18-39 COPD 600
Sierra Leone Freetown >40 COPD 600
Rwanda Kigali >40 COPD 600
Mozambique Maputo >40 COPD 600

COPD, chronic obstructive pulmonary disease.
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select individuals based on assigned numbers of eligible
participants (ranked according to age) juxtaposed with
the assigned household number. The aim is to recruit at
least 300 males and 300 females per site. The city admin-
istrators’ and community gatekeepers’ permission will be
obtained before community entry. Adults with chest wall
deformity, on active tuberculosis treatment, pregnant,
or those with dementia, recent myocardial infarction,
surgery, or other contraindications for spirometry will be
excluded.

Questionnaire screening for asthma and assessment of
disease burden among children and adolescents

Informed consent will be obtained from the parent or
guardian and assent will be obtained from the children
before data collection. The participant information
sheet and consent form will be sent home to the parents
through the class teachers and returned before enrolling
any participant. With the support of the class teachers,
reminders will be sent to parents to return the forms, and
the research team will be available in the school to offer
clarification to parents or guardians. The adapted GAN
asthma questionnaire for 6-7-year-olds or 13—14-year-olds
will be used for the respective age groups to screen partic-
ipants for asthma and assess the disease burden among
persons with asthma. This questionnaire asks about a
history of asthma symptoms (wheezing) or ‘ever asthma’
to identify persons with asthma. We will define asthma
as a ‘history of wheeze in the preceding 12 months’ or/
and affirmation to ‘ever asthma’. The questionnaire also
obtains information on physician diagnosis of asthma,
medication use and healthcare service use for persons
with asthma.

For the 6-7-year-old children, the parents will complete
a paper version of the questionnaire. The study team will
subsequently enter the information into the electronic
data management tool.

The 13-14-year-old adolescents will complete a self-
administered electronic version of the adapted GAN
questionnaire in the school.

Translations to the predominant local languages for
the questionnaires will be done at each site with forward
and backward translations.

Questionnaire screening for COPD or asthma and
assessment of disease burden among adults

A questionnaire adapted from the BOLD study core
form will be administered by a trained interviewer and
completed on a tablet computer. The BOLD Question-
naire covers information on cough, phlegm, breathless-
ness and wheezing, and previous doctor diagnoses of
asthma, emphysema, bronchitis and COPD, including
comorbidities. It also collects information on exposure
to COPD risk factors and the participant’s knowledge
about the effects of some risk factors. The question-
naire also assesses medication and healthcare service use
among persons with respiratory symptoms or a previous

respiratory diagnosis. A positive screen for asthma is based
on report of ‘current wheeze or ever asthma’ or finding
reversibility in pre-bronchodilator airflow obstruction,
while COPD is based on previous doctor diagnosed
COPD or spirometry finding of post-bronchodilator
airflow obstruction with symptoms (cough, phlegm,
breathlessness).

Economic burden of asthma and COPD

The parents of all children and adolescents who are
identified to have asthma will complete the youth version
of the health economic questionnaire, while the adults
with asthma or COPD symptoms will complete the adult
version of the health economic questionnaire. These
questionnaires assess the direct and indirect economic
disease burden and were developed following recom-
mended guidelines to suit the African context, as no offi-
cial validated tool is widely used.”* The questionnaires
underwent revision during the investigator meetings to
ensure they were context specific.

The questionnaires assess direct costs such as money
spent on medicines, hospital stay, at-home care, doctors’
fees, investigations and transportation, as well as indirect
costs such as lost time from work for both the patient
and caregivers, the number and length of hospitalisa-
tions due to exacerbations, the number of outpatient
visits and the number of restricted activity days due to
asthma or COPD. They also explore catastrophic health
expenditure by measuring access to health insurance,
whether medicines and diagnostics are covered by health
insurance, family income levels, and source of funds for
managing asthma or COPD.

FeNO and spirometry measurement

FeNO will be measured using a standardised procedure
according to the American Thoracic Society/European
Respiratory Society (ATS/ERS) standardised methods
using the Spirosure FenomPro point of care breath
analyser. It will be measured on only children and adoles-
cents with asthma, as well as for all adult participants.
FeNO will be measured prior to spirometry testing.
Self-reported history of rhinitis, recent meal and recent
tobacco smoking will be documented prior to meas-
urement. FeNO will be interpreted using the ATS clin-
ical practice guideline as high if >50 ppb in adults and
>35 ppb in children, intermediate between 25 ppb and 50
ppb in adults and 20-35 ppb in children and low <25 ppb
in adults and <20 ppb in children.

Spirometry will be done using the Vyaire Vyintus
Pneumo spirometers following the ATS/ERS 2019 stan-
dards for only children and adolescent participants with
asthma, as well as for all adult participants.” A calibration
verification check will be done daily for all spirometers.
Pre-bronchodilator and post-bronchodilator (15-20 min
after administration of 400 pg of inhaled salbutamol using
a spacer) measurements will be done. All technicians

0zoh 0B, et al. BMJ Open Respir Res 2024;11:¢002416. doi:10.1136/bmjresp-2024-002416 5



conducting the tests have been trained and certified
before the survey.

All spirograms will be assessed for quality using the
Artiq.QC quality assurance software and only results that
meetall ATS/ERS standards for acceptability will be used.
The Artiq.QC software evaluates the quality of the data
by checking the numerical quality criteria, as well as the
visual shape of the curve with its deep-learning artificial
intelligence.” Doing so mimics the human visual evalua-
tion of the curve, typically done by human over-readers.
It can detect artefacts defined by the ATS/ERS standards
and evaluate the impact of these artefacts on the accept-
ability and/or usability of the data. The Artiq.QC agreed
with human overreaders in 83% of cases with 93% sensi-
tivity. In addition, there will also be manual over-reading
of a small proportion of the tests by a certified spirometry
over-reader to compare with Artiq.QC software.

Spirometry measures of interest are the forced vital
capacity (FVC) in litres, forced expiratory volume in the
first second (FEV1) in litres, the ratio of the FEV1/FVC
in percentage and forced expiratory flow 25%-75% in
litres.

Availability and cost of medicines for asthma and COPD
Essential asthma and COPD medicine availability and
cost will be assessed from cities in countries with a local
collaborator. Trained data collectors will collect infor-
mation using strategic sampling to ensure inclusion of
pharmacies representing the public sector, and private
sector following an adaptation of the guidance of the
WHO/Health Action Initiative method.”” For each city,
five public sector hospital pharmacies (main one located
in a federal or state-owned tertiary or secondary care
hospital and at least four others within the city) and five
private sector medicine pharmacies (randomly selected
from those closest to each public hospital as identified
by data collector). Backup pharmacies for each sector
will be identified for each of the pharmacy types, to be
surveyed in the event of non-availability of 50% of the
listed medicine categories at the primary pharmacy. We
will also survey the national procurement centre if avail-
able in each participating country.

The presence and cost of the medicines listed on the
WHO essential medicine list for the treatment of asthma
and COPD (beclomethasone, budesonide, budesonide+-
formoterol, epinephrine/epinephrine, ipratropium
bromide, salbutamol, tiotropium and prednisolone)
will be surveyed.” Information obtained will include
the presence (determined by sighting the medicine),
the originator and generic brand availability, dosage
strengths, quantity and cost per defined pack and per
unit tablet/inhalation. Any surveyed medicine will be
considered available if present at the time of visit in 80%
of all surveyed pharmacies and affordable if the costis less
than a day’s wage of the least-paid government worker or
the least-paid unskilled worker in the country.

Study outcome measures

» The prevalence of asthma (current wheezing and/
or ever asthma) among children, adolescents based
on screening questionnaires and the prevalence of
COPD among adults based on post-bronchodilator
airway obstruction on spirometry with symptoms.

» The prevalence of severe asthma defined as >4 attacks
of wheeze per week, or >1 night per week sleep distur-
bance from wheeze, or wheeze affecting speech in
children and adolescents.

» The severity of airflow limitation among children and
adolescents with asthma based on pre-bronchodilator
airflow obstruction.

» The severity of airflow limitation in COPD based on
post-bronchodilator airflow obstruction.

» The severity of eosinophilic airway inflammation
measured by FeNO among children and adolescents
with asthma.

» The presence of eosinophilic inflammation among
adults and its association with COPD.

» Direct and indirect economic burden of asthma
and COPD based on health economic analysis of
responses to health economic questionnaire.

» Availability and affordability of asthma and COPD
medicines.

Public and patient involvement

All sites will conduct a public involvement programme
suitable to their local context to discuss the study
protocol before data collection and to share the study
findings afterwards. This will include school-based and
community-based education programmes on disease
prevention and management.

Data management

RedCap (2022 Vanderbilt University) will be used for
centralised data collection and management. Only
de-identified data will be collected, and no personal infor-
mation will be shared across countries. A dedicated data
management team will continuously monitor the data in
real time to address irregularities in a timely manner. The
adolescent and adult questionnaires will be completed
electronically directly on RedCap. Questionnaires
completed on paper (6-7-year-old children and health
economic questionnaires for 13—14-year-old adolescents)
will be entered on RedCap by the members of the site
research team. The FeNO results and the spirometry vari-
ables will be recorded on Redcap. The predominant use
of electronic case report forms will make data manage-
ment more practicable, allow real-time validity checks
and hence increase internal validity.

ETHICS AND DISSEMINATION
Ethical approval has been obtained from the institu-
tional ethics committees of the following participating
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sites: Kwame Nkrumah University of Science and Tech-
nology, Kumasi, Ghana (CHRPE/AP/334/23); Lagos
University Teaching Hospital, Lagos, Nigeria (ADM/
DSCST/HREC/APP/5628); Kano State Ministry of
Health, Kano, Nigeria (SHREC/2023/3854); Univer-
sity of Lubumbashi, DRC (UNILI/CEM/016/2023);
Ministry of Public Health, Burkina Faso (3023-04-081);
King Faisal Hospital Rwanda (KFH/2023/063/IRB) and
Rwanda National Ethics committee (RNEC 42/2024);
Ministry of Health, Sierra Leone (010/02/2023); and
Makerere Lung Institute, Kampala, Uganda (MHREC-
2023-107).

Only anonymised data will be collected on the ques-
tionnaires, and all information will be confidential. Each
participant will be identified by a participant ID. Access
to identifiable data will only be available within each
country and these will not be shared across countries. All
study sites will be trained to ensure that all identifiable
data are protected and stored securely. Data protection
and sharing will adhere to the South African Data protec-
tion laws.

Test results will be shared with all participants and any
participant who is screened positive for asthma or COPD
who did not have a prior diagnosis of disease or who was
not receiving treatment for previously diagnosed disease
will be referred to the nearest government hospital or
other hospital of their choice for further evaluation and
treatment.

The study findings will be used to develop and grow a
real-time dashboard that will be hosted on the CHEST-
Africa observatory as soon as reasonable data becomes
available. Findings will be published in peerreviewed
journals and presented at conferences. They will also be
shared with the participating schools and communities
and shared using several media channels such as the Pan
African Thoracic Society website.

Strengths and potential limitations

The strengths of this proposed study include the wide
range of African countries and age groups of participants
from whom data will be collected. The use of standard-
ised and validated methodologies and questionnaires of
the GAN and BOLD consortia is an additional strength.
This study will be one of the first to measure airway
inflammation using FeNO from a large population-based
African sample, including assessing the economic impact
of asthma and COPD. We recognise that the selection
of children from schools implies that those who do not
attend school or those who miss school due to ill health,
including asthma exacerbations may be excluded. Also,
selecting only urban cities for this study limits the gener-
alisability of our expected findings to rural areas where
the situation may be distinct. However, as we intend to
grow this observatory, we plan in future studies to widen
the scope for participant selection and extend the sites
to rural areas.
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