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Abstract
Background

Chronic Lung Diseases (CLDs), responsible for 4 million deaths globally every year, are increasingly important in low-
and middle-income countries where most of the global mortality due to CLDs currently occurs. As existing health
systems in resource-poor contexts, especially sub-Saharan Africa (SSA), are not generally oriented to provide quality
care for chronic diseases, a �rst step in re-imagining them is to critically consider readiness for service delivery
across all aspects of the existing system.

Methods

We conducted a mixed-methods assessment of CLD service readiness in 18 purposively selected health facilities in
two differing SSA health system contexts, Tanzania and Sudan. We used the World Health Organization’s (WHO)
Service Availability and Readiness Assessment checklist, qualitative interviews of key health system stakeholders,
health facility registers review and assessed clinicians’ capacity to manage CLD using patient vignettes. CLD service
readiness was scored as a composite of availability of service-speci�c tracer items from the WHO service availability
checklist in three domains: staff training and guidelines, diagnostics and equipment, and basic medicines.
Qualitative data were analysed using the same domains.

Results

One health facility in Tanzania and �ve in Sudan, attained a CLD readiness score of ≥50% for CLD care. Scores
ranged from 14.9% in a dispensary to 53.3% in a health centre in Tanzania, and from 36.4% to 86.4% in Sudan. The
least available tracer items across both countries were trained human resources and guidelines, and peak �ow
meters. Only two facilities had COPD guidelines. Patient vignette analysis revealed signi�cant gaps in clinicians’
capacity to manage CLD. Key informants identi�ed low prioritization as key barrier to CLD care.

Conclusion:

Gaps in service availability and readiness for CLD care in Tanzania and Sudan threaten attainment of universal
health coverage in these settings. Detailed assessments by health systems researchers in discussion with
stakeholders at all levels of the health system can identify critical blockages to reimagining CLD service provision
with people-centred, integrated approaches at its heart.

Introduction
Chronic lung diseases (CLDs) are diseases of the airways and structures of the lung including asthma, chronic
obstructive pulmonary disease (COPD), bronchiectasis, occupational lung diseases and pulmonary hypertension (1).
They are responsible for a high burden of morbidity - especially from poorly controlled asthma - and mortality –
especially from COPD – causing around 4 million deaths globally every year (2). Post-tuberculosis lung disease
(PTLD) is also increasingly recognised as an important cause of CLD, especially in high TB burden settings(3, 4). An
estimated 500 million people lived with CLD in 2017, an increase of 40% compared to 1990 (5). This has resulted in
increased mortality - COPD is now the third most common cause of death globally (6). COPD is expected to increase
further as populations continue to age, including in low- and middle-income countries (LMICs) where 90% of the
global COPD mortality currently occurs(7) and the population is exposed to biomass use, smoking and occupational
risk factors(8). Though data are sparse, a systematic review of nine cross sectional studies from sub-Saharan Africa
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(SSA) showed prevalence of COPD ranging from 4.1% − 24.8% (9). Similarly, a review showed a wide variation in
prevalence of asthma from 9.1% in Ethiopia to 20.3% in South Africa(10). Interpretation of this variability is
confounded by differences in study methodology and diagnostic approaches. This further inhibits recognition of the
true burden of CLD.

CLDs therefore remain under recognised and poorly prioritised within the health systems in sub-Saharan Africa(11),
with a paucity of data to guide decision making and policy by health systems stakeholders on management of CLDs
in this setting. In Tanzania, data on CLD prevalence, diagnosis, management, and outcome are limited. A study of
asthma among adolescents revealed prevalence of 17.6% and 6.4% in urban and rural areas respectively (12).
Similarly, the prevalence of COPD in western rural Tanzania was found to be 18% with a higher prevalence among
men than women (13). In Sudan, asthma incidence is rising among children in Khartoum state and the prevalence
among adults was estimated to be around 10% (14). Unpublished CLD data has shown a COPD prevalence of 16.5%
in urban Sudan and a restrictive lung function was found in 55.6% of adults who underwent spirometry. In addition,
both Tanzania (high) and Sudan (moderate) have signi�cant TB burdens which further increases the burden of CLDs
as an association between TB and CLDs has been established (15, 16).

Existing systems are not generally oriented to provide quality care for CLD, especially with regard to chronic illness
management (17). A �rst step in re-imagining them is to critically consider readiness across all aspects of the
existing system and how they interconnect (18). It remains unclear how ready the health systems are to deliver
quality CLD care in these settings. Several studies have examined the state of preparedness of health systems in
LMICs to deliver general health services, speci�c disease services or primary health care in the context of universal
health coverage (19–22). Studies investigating preparedness for CLD services are however rare. A recent study
found varied availability of spirometry and World Health Organization(WHO) essential medicines for COPD and
asthma in Africa(23). As part of a parent project exploring integration of CLD services into existing public health
services, we assessed the readiness of health systems to deliver specialised CLD services in Tanzania and Sudan
two different sub–Saharan African countries.

Methods
This was a cross-sectional, mixed methods study that combined qualitative key informant interviews and health
worker in-depth interviews with a readiness assessment checklist, and review of TB registers and health facility
records. Qualitative interviews were conducted to gain a detailed and nuanced description of the experiences of key
health system players related to the characterization, prioritization and management of Chronic Lung Diseases.
Clinical vignettes were included in the health workers in-depth interviews to measure the knowledge of clinicians
about CLD while at the same time measuring their skills in diagnosing and managing the condition.

Health system contexts
The Sudan health system is administered at three levels: Federal, State and Locality (24).

Within Localities, Primary Health Services are provided at health centres in urban and rural settings, while within
States, district hospitals provide secondary as well as referral services.
National hospitals and State teaching hospitals provide tertiary care.

In Tanzania, the health system is administered as a pyramidal structure at �ve levels: the national, zonal, regional,
district and ward/village levels.
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Primary health care services, the base of the pyramid, are provided at the ward/village level by health centres and
dispensaries.
Secondary health services are provided at the district level by the district hospitals while regional hospitals provide
specialist referral services.
Community-based health activities bring health promotion and prevention to families in villages or streets, often
along with the support of vertical disease control programmes, including the national TB program.

Study sites
The study locations, Gezira State in Sudan and Dodoma region of Tanzania, were selected in collaboration with local
Ministries of Health to allow “best-case” assessments. Gezira State was selected because of an existing pilot
offering integrated services focusing on asthma standard case management. These services were developed by the
Epidemiological laboratory (EPILAB), a research NGO with research infrastructure in Gezira collaborating in this
study. Gezira state Ministry of Health has shown a strong interest in extending the existing pilot services. Dodoma
Region was selected due to the strength of its TB Program and its strong community-based referral system for TB. In
Tanzania, ten health facilities were purposively selected for readiness assessment to ensure inclusion of all health
system levels, health facilities with and without TB diagnostic services, government-owned and non-government
owned facilities, and both urban and rural settings.

The participating sites were: one regional hospital, one district hospital, four health centres and four dispensaries.
In Sudan eight district level facilities were selected: four where EPILAB asthma standard case management
programme is operational (‘EPILAB sites’) and 4 where this programme is not yet operational (‘non EPILAB sites’); all
eight were government owned as there were no privately owned health facilities in the study area at the same level
as district hospitals. As a major objective of our study in Sudan is to scale up the existing asthma standard case
management programme to non EPILAB sites, only district level health facilities were selected. Furthermore, the
district health facilities in Sudan receive direct referrals from the community and serve as the ‘close-to-community’
facilities equivalent to health centres in Tanzania.

Readiness assessment and registers reviews
A structured assessment checklist based on the WHO Service Availability and Readiness Assessment (SARA)
manual (25), was used to assess availability of human resources, treatment guidelines, drugs, equipment and
community linkages in the facilities. All reported guidelines, equipment and medicines were visually checked.
Readiness to deliver CLD services was de�ned as the ability of a health facility to provide out-patient care for chronic
lung diseases, in accordance with the WHO SARA manual (25). This was based on 3 domains of service availability
and readiness:

Staff training and guidelines: facility must have a guideline for CLD and the presence of at least one staff who
received a refresher or in-service training on management of CLD in the past 2 years.

Diagnostics and Equipment: facility must report availability of 4 equipment – peak �ow meter, spacer devices,
stethoscope and oxygen cylinder.

Basic medicines: facility must report availability of 5 basic medicines - injectable epinephrine, hydrocortisone,
prednisolone tablets, salbutamol and beclomethasone or other steroid inhaler.

Other equipment whose availability and functionality were explored included nebulizer with mask, pulse oximeter,
sputum cups and glass slides.
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Out-patient registers were reviewed in all facilities in both countries to identify CLD patients seen in the facilities in
the previous month. In addition, records of the previous two years of the TB registers were reviewed in the TB clinics
of 9 of the health facilities in Tanzania to determine the numbers diagnosed with TB and those without a TB
diagnosis who could potentially have CLD. Any diagnosis of Asthma, Chronic Obstructive Pulmonary Disease
(COPD), Chronic bronchitis, Bronchiectasis, Post TB lung disease or Occupational lung disease, was regarded as
CLD.

Participant selection for qualitative interviews
For the qualitative component, in-depth interviews (IDIs) were conducted with care providers, one from each of the
selected health facilities in both countries.

Health workers were purposively identi�ed from each health facility and included those who provided services for
CLD patients such as medical doctors, non-medical doctor clinicians and nurses.
In Tanzania, this included the TB focal persons and clinicians working in the specialised NCD clinic as CLD
diagnosis is usually through TB clinic and the follow up conducted at the NCD clinic. In Sudan, selected health
workers included medical doctors and medical assistants.

Key informant interviews (KIIs) were conducted with purposively selected health system stakeholders from national,
regional (or state in Sudan) and district levels and with in-depth knowledge of TB and CLD based on their job role.

Data collection and analysis
All data were collected by authors (ES, RO, BN, HI) and research assistants trained in line with WHO SARA
recommendations (WHO SARA ref, page 26 Sect. 1.5). Training covered overall aims of the study, data quality,
facility data capture tools, how to administer questionnaire and record responses, ethical issues in health facility
research, informed consent administration, privacy and con�dentiality. Training included hands-on practical sessions
and a data collection pilot in the health facility.

For the readiness assessment, research assistants visited the health facilities and interviewed the person in-charge
of each facility using the structured readiness assessment checklist.

For each service, the readiness score is computed as the mean availability of service-speci�c tracer items in the 3
domains: staff training and guidelines, diagnostics and equipment, and basic medicines.
Equal weights are assigned to each of the 3 domains to achieve a total possible score of 100% (i.e.
33.3% each for staff training and guidelines, diagnostics and equipment, and basic medicines).
Equal weights are also assigned to each domain indicator to contribute to the �nal total domain score of 33.3%
(16.7% for each indicator in staff and training, 8.3% for each indicator in diagnostics and equipment, and 6.7% for
each indicator in basic medicines).

Two levels of service readiness were de�ned:

High readiness – health facility scored at least 50% of the indicators in each of 3 domains

Low readiness – health facility scored less than 50% of the indicators in each of 3 domains.

We presented service availability and readiness levels by facility and compared them across facilities and country
where applicable.
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We performed simple descriptive analysis of the other quantitative data, with health facilities as units of analysis
using frequencies.

Health worker interviews used a structured topic guide to explore questions around knowledge and management of
CLD and included a patient vignette to assess current skills and knowledge of CLD management and guidelines. The
vignette simulated an outpatient consultation with a 60-year-old man with features of CLD, with speci�c questions
posed to respondents about history, examination, diagnosis, treatment, and management of the patient.
Respondents were requested to answer the questions and to �ll an asthma diagnosis and treatment card at the end
if their diagnosis was asthma. They were assured that this was not a test and that the result would not be shared
with their supervisors or colleagues.

Similarly, key informant interviews were conducted using structured topic guides to explore overall readiness and
topics including stakeholders’ prioritization of CLD services, service delivery, health workforce and the barriers to
diagnosis and management of CLD patients.

Key informants and health workers were interviewed at their o�ces and workspaces at a convenient time for them.
Interviews were conducted in Arabic in Sudan, and in Swahili in Tanzania. All interviews were audio taped,
transcribed verbatim and �nally back translated into English by independent professional translators. The data was
coded and analysed using a thematic framework approach (26).

Ethical considerations
The study was approved by the ethics committees of National Institute for Medical Research, Tanzania (ref
/Vol.IX/2922); the Ministry of Health of Gezira state, Sudan (ref 44/T/KH/1) and the Liverpool School of Tropical
Medicine (ref 18–043).
Permission was also sought from the respective district authorities.
Written informed consent was obtained from all participants in the qualitative interviews and from the in-charge of
health facilities prior to the readiness assessment interview and completion of the checklist.

Results
Characteristics of health facilities 

Altogether, 18 health facilities were visited for readiness assessment, 10 in Tanzania and 8 in Sudan. The
characteristics of the health facilities are shown in Table 1.

General service readiness

               Human resources

Nurses made up the majority of health workers observed in the health facilities [38/109 (34.9%) vs 43/103 (41.7%)]
whilst assistant medical o�cers/medical assistants were the least available [8/109 (7.3%) vs 6/103 (5.8%)] in
Tanzania and Sudan respectively. Clinical o�cers and medical attendant cadres were unique to Tanzania (�gure 1).

 In Tanzania, clinical o�cers, nurses, and pharmacists/pharmacy technicians were the only healthcare staff cadres
available in all facilities. All cadres were available at regional, district and health centre levels. Of 21 medical doctors
available on the day of facility visit, 16 (76.2%) were at the regional hospital whilst only one (4.8%) was at the health
centres. Most of the nurses (15/38) were present at the district hospital. In Sudan, 19 medical doctors overall were
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present in all health facilities observed, with seven (36.8%) of these in just one facility. Nurses and
pharmacists/pharm tech were present in all health facilities. 

Infrastructure and basic amenities

Outpatient-only services were offered at the four dispensaries in Tanzania. In the six facilities offering inpatient
services, the bed capacity ranged from 22 in one of the health centres to 450 in the regional referral hospital. A
functional ambulance for emergency transportation was available and operated from the facility in the regional
hospital, the district hospital and in two of the health centres, but all health centres and dispensaries had access to a
functional ambulance from another facility. A drug store was available in all facilities except two health centres and
one dispensary. In Sudan, all facilities offered both inpatient and outpatient services and were equipped with drug
stores with su�cient space. Bed capacity ranged from nine in the smallest facility to 128 in the largest. A functional
ambulance was available in seven facilities, but three of the seven ambulance vehicles had no fuel on day of
observation. 

Service operation

19,812 OPD visits were recorded in all 10 health facilities in Tanzania over a period of one month, most of which
occurred at the regional hospital (table 2). All 80 outpatient presumed TB cases were seen at two health centres and
two dispensaries; 77 of these were found to be negative for TB. TB clinic registers reviewed in nine health facilities in
Tanzania showed that 7,292 clients with presumed TB were investigated for TB over the previous two years; 955
(13.1%) of these were diagnosed with TB whilst 6,355 (87.2%) were TB negative. TB records were not available in
one dispensary and therefore not reviewed in this facility. In contrast only two OPD visits were recorded for COPD
over one-month period in all 10 facilities and this was at a health centre.

In Sudan, 12,509 OPD visits overall were recorded in all 8 health facilities over the one-month review period. Asthma
was responsible for 273 (2.2%) of all OPD visits with 58 (21.2%) of these in the four health facilities (‘EPILAB sites’)
where EPILAB’s asthma management programme is operational. There was no OPD visit identi�ed as COPD over
one-month period in any of the health facilities. Of the 38 presumed TB cases seen in six of the eight facilities, 13
were found to be negative for TB. 

In both countries, asthma was far more likely to be diagnosed than COPD (119 vs 2 in Tanzania, 392 vs 0 in Sudan,
respectively) during OPD visits. Of 32,321 total outpatient visits in one month across all 18 health facilities, only 2
was for COPD; this was in in a health centre in Tanzania. The proportion of presumed TB among OPD visits is
similar (0.4% vs 0.3% in Tanzania and Sudan respectively), but the proportion of these patients shown to be TB
negative was much higher in Tanzania (87.2%) than in Sudan (34%, 13/38). No �nal diagnosis on the TB negative
patients could be traced and no diagnosis of post TB lung disease was found.

CLD service readiness

               Staff availability and training

No healthcare staff had received in-service or refresher training for CLD in any health facility in Tanzania in the past
two years. However, four doctors, seven clinical o�cers and six nurses received pre-service training in CLD. In Sudan,
staff who received in-service training in CLD were available in only 4 of the 8 health facilities. In three of these
facilities, 1 doctor and 1 nurse were trained whilst just 1 doctor was trained in the remaining facility. Additionally, a
medical assistant was trained in two of the facilities. No other cadre of staff received training in CLD.
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Guidelines

The availability of guidelines by facility in both countries are shown on table 3. In Tanzania, guidelines were more
likely to be available at the health centres and dispensaries. None of the 10 guidelines identi�ed as relevant in the
study were available at either the regional or district hospitals. Only two facilities (one health center and one
dispensary) had asthma guidelines. A COPD guideline was available in one health centre. In Sudan, on the other
hand, guidelines were more widely available. Asthma guidelines were available in �ve (62.5%) of the eight health
facilities, whilst pneumonia guidelines were available in four (50%) facilities. In contrast, only 1 facility had a COPD
guideline. 

               Equipment

In Tanzania, of all required essential equipment including peak �ow meter, spacer devices, stethoscope and oxygen
cylinder, only peak �ow meters were unavailable in the regional and district hospitals. Stethoscopes were the only
essential CLD equipment available in all facilities. In Sudan, all four items of equipment were available and
functional in one facility, three in four facilities, and two in each of the remaining three facilities. 

Nebulisers were available in two of the 10 facilities in Tanzania, and in seven of the eight facilities in Sudan. The
availability of other equipment is shown on table 4. 

               Medicines

The availability of valid essential CLD medicines is shown in table 5. Salbutamol inhalers, epinephrine and
hydrocortisone injections were widely available in both Tanzania and Sudan. On the other hand, steroid inhalers were
not widely available.  In Tanzania, beclomethasone was available only at the regional hospital, which also had
�uticasone inhalers. In Sudan, where essential CLD medicines were more widely available, beclomethasone inhalers
were available in only three of the facilities; in two of these three facilities, �uticasone and budesonide inhalers were
additionally available. While salbutamol solution for nebulizer was available in all facilities in Sudan, it was only
available in the district hospital in Tanzania. 

Patient vignette

All clinicians who participated in the IDIs were offered the patient vignettes as part of the interviews. Fifteen
healthcare workers, nine in Tanzania and six in Sudan, responded to the patient vignette during the IDIs. Two
respondents in Tanzania were medical doctors, one at the regional hospital and one at the district hospital. One
clinical o�cer declined. In Sudan, 2 medical doctors declined. 

Overall, the respondents could correctly elicit an asthma history, describe the management of acute attacks, correct
use of inhaler and patient counselling. Beyond these, only the medical doctors went further with the vignette. One
medical doctor in Tanzania and �ve in Sudan made an initial diagnosis of asthma. All 6 identi�ed the correct
treatment for an acute asthmatic attack and antibiotic treatment for infections. Two medical doctors from Sudan
made an initial diagnosis of COPD. However, when all doctors were presented with the next scenario where the
patient returned 8 days later with persisting symptoms and new peak expiratory �ow (PEF) values, only two
understood PEF variability and only one of them could calculate it from the values provided. While most doctors
considered excluding TB, COPD was not considered a differential diagnosis by any of those that made an initial
diagnosis of asthma. Three doctors understood asthma severity grading but graded differently. Similarly, only 3
doctors mentioned psychological assessment for low mood in the simulated patient. When requested to �ll an
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asthma management card, it was observed that asthma cards were not available in any of the health facilities in
Tanzania. In Sudan, asthma cards were available only at EPILAB sites and the doctors were con�dent with
completing them.

Readiness for CLD care at higher and lower health system levels

We conducted a separate analysis of the readiness scores in district level and above to compare CLD readiness
across both countries at the higher health system level (Table 6). Overall, �ve health facilities (three EPILAB sites, two
non EPILAB sites), all from Sudan, attained high readiness for providing CLD services. In Sudan, the lowest and
highest scores were both at ‘EPILAB site’ facilities. No facility ful�lled all requirements for readiness in all the
domains assessed. Staff with in-service or refresher training in CLD and beclomethasone inhaler were the two
commonest missing tracer items overall; they were not available in 7 and 6 health facilities, respectively. In contrast,
oxygen source was available in nine of the 10 facilities whilst stethoscope was available in all health facilities.

Regarding CLD service readiness in health centres and dispensaries in Tanzania, one health centre (health center 1)
attained a total readiness score of 53.3%. This health centre had all CLD guidelines explored in the study. Of the
remaining health facilities, four had scored 28.1% each, two scored 21.1% each and one scored 14.9%. Overall, the
average CLD service readiness score was 28.7% in Tanzania and 62.3% in Sudan.

Barriers to CLD care identi�ed by key informants 

Twelve key informants were interviewed in Tanzania whilst 13 were interviewed in Sudan.  Key informants from both
countries identi�ed two major barriers to CLD care. First, CLDs were not regarded as priority diseases. In both
countries, key informants regarded priority diseases as those with international recognition demonstrated by
international funding and organised into programmes such as HIV and TB: “Such diseases attract high attention
from the government since they are considered international programs, [so] have [the associated] weight, funds,
international interest and evaluation, etc” (KII 1, Federal, Sudan)

In Tanzania, none of the national level key informants mentioned CLDs among diseases considered as priority.
NCDs, however, were mentioned as priority diseases but only with reference to Hypertension, Diabetes and Cancer:
“NCDs have masked these chronic lung diseases because we focus more on cancer, diabetes and cardiovascular
conditions…. [As such] there is no priority especially when you meet NCD people, their focus is on diabetes and
hypertensive diseases” (KII, National, Tanzania)

Other diseases regarded as a priority included those commonly diagnosed in the outpatient departments and known
locally to cause high mortality such as malaria and pneumonia in children, and maternal illnesses: “Well, they have a
high death rate, a high admission rate, and high frequency of patients, and they require a lot of effort from the
Ministry of Health. … these are the standards we take into consideration, in addition to the �nancial toll they exert on
the State and the government as a whole.”. (K11 2, State, Sudan). 

The second barrier identi�ed by key informants was lack of data and this was key to low prioritization accorded CLD
care by the authorities. 

“We can go to a policy-maker, and tell him or her that I need money because patients have increased…questions
coming… to what extent have they increased? How much money do you need? Will that intervention really work? So,
we must have data…if you have that then you can convince them, for example, for diabetes and hypertension we
have taken those steps” (KII 3, National, Tanzania). Health care workers, on the other hand, mentioned barriers
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already evident from the readiness assessment checklist. They mentioned lack of guidelines and lack of training as
the major barriers to CLD care. The responses were similar in both countries.

Discussion
In this study, we explored the readiness of health facilities to provide services for CLDs in two sub–Saharan African
countries with differing health system contexts. In Dodoma region Tanzania, our study involved facilities across all
health system levels. In Gezira State Sudan, a context with an existing asthma management program at district
hospital level, our study focussed on district-level health facilities. We found that overall, no health facility ful�lled all
the requirements for a CLD service. However, six health facilities (1 in Tanzania and 5 in Sudan) attained high CLD
service readiness. The high readiness in Sudan appeared to be driven by the EPILAB sites with existing asthma
management programmes. Trained human resources and guidelines for CLD, and peak �ow meters, were the least
available tracer items of CLD service readiness across both countries, being unavailable in 7 of 10 higher level
facilities. Stethoscope and oxygen source were the most widely available. CLD was very rarely diagnosed.
Furthermore, our patient vignette analysis revealed signi�cant gaps in capacity of clinicians to manage CLD. These
�ndings were corroborated by qualitative data which revealed that lack of guidelines, shortage of human resources
trained in CLD, lack of CLD data and low prioritization of CLD by health system actors, were the main barriers to
management of CLD perceived by actors within the health systems.

Two previous studies in Tanzania have reported similar �ndings from a secondary data analysis of the 2014-2015
Tanzania Service Provision Assessment survey data. In one study (20), only 10.9% of over 700 facilities analysed,
had high readiness for CLD services, and less than 10% had at least one staff trained in management of CLDs. In
another, the mean CLD service readiness score of health facilities was 38.8%, despite excluding facilities that did not
report provision of CLD services (27). Both studies also found that CLD guidelines, peak �ow meters and
beclomethasone inhalers were the least available tracers for CLD service readiness. These �ndings are similar in
other SSA contexts. In Ethiopia, a NCD service availability and readiness assessment of health facilities also showed
an average CLD readiness score of health facilities of 27% (28) which is similar to the Tanzanian average (28.7%) in
our study. In the Ethiopian study, only 8% of all facilities surveyed had trained staff for CLD care. The additional use
of patient vignettes in our study adds signi�cant value by providing a snapshot of clinicians’ capacity to manage
CLDs, which has not been reported by previous readiness studies. Additionally, poor prioritization of CLD by policy
makers as revealed in the key informants’ interviews reveals an important contributing factor for the poor readiness
levels observed in this study.

Our study in Sudan focussed only on district level health facilities including those where an integrated approach to
delivering a package of care for CLD is operational(29). These facilities had peak �ow meters and were more likely to
have asthma guidelines, both of which were found to be frequently unavailable for CLD care in sub–Saharan African
contexts(30). However, experience with asthma care and overall higher readiness for CLD care did not translate to
improved care of CLD in general as seen in failure of the facilities to diagnose even a case of COPD from among
over 12,000 adult patients seen over a month’s period. This highlights the need for a more comprehensive CLD
training and availability of speci�c COPD guidelines.

In our study, trained staff, CLD guidelines, peak �ow meters and beclomethasone inhalers were the most frequently
unavailable tracer items across all health facilities in Sudan and Tanzania, similar to �ndings from other studies (20,
27, 28, 31). No staff had received in-service or refresher training in the past two years in the majority (83%) of the
health facilities, though several had received pre-service training. Lack of training is likely to have impacted the
capacity of healthcare workers to recognise and diagnose CLD, especially COPD. Training of health professionals in



Page 12/22

respiratory disease has been identi�ed as an important strategy in global control  of chronic respiratory diseases(32),
and remains a major gap in achieving and maintaining CLD service readiness in Tanzania and Sudan. 

Lack of guidelines and trained staff observed in this study would lead to lack of capacity to recognise, diagnose and
manage CLDs and therefore lack of data on which to base funding and planning for CLD care. As failure to provide
funding for equipment and drugs would further lead to failure to make diagnosis, a potential vicious cycle could be
set up which perpetuates negligence of CLD care within the health system and increased morbidity and mortality
(Mulupi et al; In press).

As health systems in LMICs face an increasing burden of NCDs, several studies have examined preparedness of
health systems for chronic disease management. In most of these studies, service availability and readiness have
been lowest in the context of CLDs. For example, in Uganda, health facilities were consistently less prepared for CLD
services compared to other chronic diseases in most domains of service readiness (33). Similarly, in a review of NCD
service availability in �rst referral level hospitals in low-income countries, availability of medication and equipment
for acute management was highest in epilepsy (40%– 95%) and hypertension (28% – 83%) and lowest in asthma
care (0-4%) (34).This probably re�ects the systemic negligence and poor investment in CLD by the health system as
mentioned above. Of interest is the relatively high readiness for HIV care in most of the studies compared to NCDs.
This probably re�ects the impact of well-funded programmes and could provide a model for strengthening CLD and
other NCD services in LMIC settings (18).

We found in Tanzania that health systems were weaker at the lower levels in the context of management of CLD,
with more availability of staff, equipment, and medicines at the higher levels. This has also been reported in previous
studies within and outside Tanzania in the context of CLD (20, 27), hypertension and diabetes (19, 33). This raises
an important equity concern in Tanzania where about 70% of the population lives in a rural setting (35) and are
therefore served by the lower-level health facilities. By contrast, lower-level facilities are doing well in TB diagnosis.
This creates the challenge of managing a large pool of chronic cough clients who have been found to be TB
negative.  In Malawi, only about 10% of patients investigated in TB clinics were found to have TB disease(36). In our
study, all 80 presumed TB patients seen in OPD in Tanzania over one-month period were seen in the health centres
and dispensaries. Of these, 77 were TB negative, and should ideally have been investigated to exclude CLD. There is
therefore an urgent need to invest in staff training, diagnostics, and medicines at the lower levels of the health
system to improve management of CLD patients in the country.

Limitations and strengths of the study

Our study did not use a standard survey strategy and the relatively limited numbers of health facilities we studied
were purposively selected meaning our results may not be nationally representative. Nevertheless, our �ndings are
consistent with studies in Tanzania and elsewhere which followed rigorous survey methodology(20, 27, 28).
However, it is possible that we may have over-estimated some aspects of readiness for CLD delivery. For example the
SARA manual did not include a spirometer, an essential equipment in con�rming the diagnosis of COPD(37). Had
this been included, none of the facilities in Tanzania would have achieved high readiness, whilst the high scoring
facilities in Sudan would have been only marginally ready. It is also worthy of note that we have based the
assessment of readiness of facilities on observations made on the day of study. Our use of vignettes to assess skill
of clinicians may not adequately assess real clinical practice where, more nuances could impact clinicians’
responses and actions. Our �ndings therefore need to be interpreted with caution. 
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However, our use of qualitative interviews allowed us to gain further insights from health systems actors. In addition,
conducting the study across two African countries with differing health system contexts provided cross-country
learning opportunities for both countries, and widened the scope of application of our study �ndings. Finally, the
study was carried out primarily to inform development of interventions to integrate CLD care into existing health
system. Therefore, the purposive selection of health facilities across health system levels where interventions are
expected to be implemented, may be seen as a strength.

Conclusions
Major gaps exist in service availability and readiness for CLD care in Tanzania and Sudan and threaten attainment
of universal health coverage in these settings. Lack of guidelines, trained healthcare staff, peak �ow meters and
inhaled treatments (particularly bronchodilators and corticosteroids) for chronic airways diseases remain the most
pressing need for facility readiness for CLD care across the health system. The WHO readiness score, as a
composite measure of facility preparedness to deliver quality CLD care, may be too blunt an instrument to guide
policy and planning and critical indicators that impact quality care such as staff training or guidelines, may be
lacking in the presence of ‘high facility readiness’ and negatively impact CLD care, especially for COPD. However, use
of such detailed assessments by health systems researchers in discussion with stakeholders at all levels of the
system may be useful to identify critical blockages to re-orienting, or reimagining service provision with people-
centred, integrated approaches at its heart.

Declarations
Ethics approval and consent to participate 

The study was approved by the ethics committees of National Institute for Medical Research, Tanzania (ref
/Vol.IX/2922); the Ministry of Health of Gezira state, Sudan (ref 44/T/KH/1) and the Liverpool School of Tropical
Medicine (ref 18-043). Permission was also sought from the respective district authorities. Written informed consent
was obtained from all participants in the qualitative interviews and from the in-charge of health facilities prior to the
readiness assessment interview and completion of the checklist. All protocols were carried out in accordance with
the relevant guidelines and regulations. Anonymity and con�dentiality were adhered to throughout the study and no
individual identi�ers were revealed.

Consent for publication

Not applicable

Availability of data and materials

Datasets used during this study are available from the corresponding author upon reasonable request. 

Competing interests

No author declares any competing interests.

Funding

This research was funded by the National Institute for Health Research (NIHR) (IMPALA, grant reference 16/136/35)
using UK aid from the UK Government to support global health research. The views expressed in this publication are



Page 14/22

those of the author(s) and not necessarily those of the NIHR or the UK Department of Health and Social Care.

Authors contributions 

MT, RT, NN, SM, AE, ES, and UE conceptualised and designed the study. ES, NN, SM, RO, BN collected all data with the
help of research assistants in country. UE, ES, NN, SM, EH, RO and BN analysed the data.  UE prepared the �rst draft
of the manuscript and coordinated reviews and comments on subsequent versions. UE, ES, NN, SM, RT, KM, AO, and
MT discussed and interpreted results of the study. All authors reviewed versions of the manuscript and approved the
�nal version for submission.

Acknowledgements

This work was a collaborative work by the International Multidisciplinary Program to Address Lung Health and
Tuberculosis in Africa (IMPALA) Consortium. We thank the IMPALA management team for their support and
leadership, and for reviewing the manuscript. We thank the IMPALA program manager, Martina Savio and
administrator, Elly Wallis, for ongoing managerial and logistical support for this work. We are grateful to research
assistants and colleagues from the National Institute for Medical Research (NIMR) Tanzania, National Leprosy and
Tuberculosis Program (NLTP) Tanzania, Kibong'oto Infectious Disease Hospital, Tanzania and the Epidemiological
Laboratory (EPILAB), Khartoum Tanzania for their invaluable role in the organisation and conduct of the study. Our
gratitude also goes to the Ministry of Health, Community development, Gender, Elderly and Children (MoHCDEC),
Tanzania; Dodoma Regional and Chamwino District government authorities, and the Gezira State ministry of Health,
Al Gezira, Sudan for their support. We thank all national, regional/state and district/locality informants who
participated in the interviews, and heads and staff of health facilities where readiness assessment and record
reviews were conducted, for their cooperation and time. Finally, we are grateful to the patients, their families and
communities who participated in this study.

On behalf of IMPALA Consortium collaborators

Emmanuel Addo-Yobo, Brian Allwood, Hastings Banda, Imelda Bates, Amsalu Binegdie, Asma El Sony, Adegoke
Falade, Jahangir Khan, Maia Lesosky, Bertrand Mbatchou, Hellen Meme, Kevin

Mortimer, Beatrice Mutayoba, Louis Niessen, Nyanda Elias Ntinginya, Jamie Rylance,

Miriam Taegtmeyer, Rachel Tolhurst, William Worodria, Heather Zar, Eliya Zulu,

Lindsay Zurba and S Bertel Squire.

References
1. WHO. Chronic Respiratory Diseases 2020 [Available from: https://www.who.int/health-topics/chronic-

respiratory-diseases#tab=tab_1.

2. WHO. Globl surveillance, prevention and control of chronic respiratory diseases. A comprehensive approach.
Geneva: World Health Organization; 2007.

3. Byrne AL, Marais BJ, Mitnick CD, Lecca L, Marks GB. Tuberculosis and chronic respiratory disease: a systematic
review. Int J Infect Dis. 2015;32:138-46.

4. Allwood BW, van der Zalm MM, Amaral AFS, Byrne A, Datta S, Egere U, et al. Post-tuberculosis lung health:
perspectives from the First International Symposium. Int J Tuberc Lung Dis. 2020;24(8):820-8.

https://www.who.int/health-topics/chronic-respiratory-diseases#tab=tab_1


Page 15/22

5. Collaborators GBDCRD. Prevalence and attributable health burden of chronic respiratory diseases, 1990-2017: a
systematic analysis for the Global Burden of Disease Study 2017. Lancet Respir Med. 2020;8(6):585-96.

�. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and regional mortality from 235
causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease
Study 2010. Lancet. 2012;380(9859):2095-128.

7. van Gemert F, van der Molen T, Jones R, Chavannes N. The impact of asthma and COPD in sub-Saharan Africa.
Prim Care Respir J. 2011;20(3):240-8.

�. Meghji J, Mortimer K, Agusti AG, Allwood B, W. , Asher I, Bateman E, D. , et al. Improving lung health in low- and
middle-income countries: from challenges to solutions. . The Lancet.In Press.

9. Finney LJ, Feary JR, Leonardi-Bee J, Gordon SB, Mortimer K. Chronic obstructive pulmonary disease in sub-
Saharan Africa: a systematic review. Int J Tuberc Lung Dis. 2013;17(5):583-9.

10. Lai CK, Beasley R, Crane J, Foliaki S, Shah J, Weiland S, et al. Global variation in the prevalence and severity of
asthma symptoms: phase three of the International Study of Asthma and Allergies in Childhood (ISAAC).
Thorax. 2009;64(6):476-83.

11. Mortimer K, Cuevas L, Squire B, Thomson R, Tolhurst R. Improving access to effective care for people with
chronic respiratory symptoms in low and middle income countries. BMC Proc. 2015;9(Suppl 10):S3.

12. Shimwela M, Mwita JC, Mwandri M, Rwegerera GM, Mashalla Y, Mugusi F. Asthma prevalence, knowledge, and
perceptions among secondary school pupils in rural and urban coastal districts in Tanzania. BMC Public Health.
2014;14:387.

13. Magitta NF, Walker RW, Apte KK, Shimwela MD, Mwaiselage JD, Sanga AA, et al. Prevalence, risk factors and
clinical correlates of COPD in a rural setting in Tanzania. Eur Respir J. 2018;51(2).

14. Ait-Khaled N, Odhiambo J, Pearce N, Adjoh KS, Maesano IA, Benhabyles B, et al. Prevalence of symptoms of
asthma, rhinitis and eczema in 13- to 14-year-old children in Africa: the International Study of Asthma and
Allergies in Childhood Phase III. Allergy. 2007;62(3):247-58.

15. Osman RK, Mortimer K, Bjune G, El Sony AI. Chronic respiratory disease in adults treated for tuberculosis in
Khartoum, Sudan. Public Health Action. 2016;6(3):199-204.

1�. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, et al. Global strategy for the diagnosis,
management, and prevention of chronic obstructive pulmonary disease: GOLD executive summary. Am J Respir
Crit Care Med. 2013;187(4):347-65.

17. Samb B, Desai N, Nishtar S, Mendis S, Bekedam H, Wright A, et al. Prevention and management of chronic
disease: a litmus test for health-systems strengthening in low-income and middle-income countries. Lancet.
2010;376(9754):1785-97.

1�. Rabkin M, El-Sadr WM. Why reinvent the wheel? Leveraging the lessons of HIV scale-up to confront non-
communicable diseases. Glob Public Health. 2011;6(3):247-56.

19. Peck R, Mghamba J, Vanobberghen F, Kavishe B, Rugarabamu V, Smeeth L, et al. Preparedness of Tanzanian
health facilities for outpatient primary care of hypertension and diabetes: a cross-sectional survey. Lancet Glob
Health. 2014;2(5):e285-92.

20. Shayo FK, Bintabara D. Are Tanzanian health facilities ready to provide management of chronic respiratory
diseases? An analysis of national survey for policy implications. PLoS One. 2019;14(1):e0210350.

21. Ekenna A, Itanyi IU, Nwokoro U, Hirschhorn LR, Uzochukwu B. How ready is the system to deliver primary
healthcare? Results of a primary health facility assessment in Enugu State, Nigeria. Health Policy Plan.
2020;35(Supplement_1):i97-i106.



Page 16/22

22. Shawon MSR, Adhikary G, Ali MW, Shamsuzzaman M, Ahmed S, Alam N, et al. General service and child
immunization-speci�c readiness assessment of healthcare facilities in two selected divisions in Bangladesh.
BMC Health Serv Res. 2018;18(1):39.

23. Plum C, Stolbrink M, Zurba L, Bissell K, Ozoh B, Mortimer K. Availability of diagnostic services and essential
medicines for non‐communicable respiratory diseases in African countries. The International Journal of
Tuberculosis and Lung Disease. 2021;25(2):120-5.

24. El-Sony A, Mustafa S, Khamis A, Enarson D, Baraka O, Bjune G. The effect of decentralisation on tuberculosis
services in three states of Sudan. The International Journal of Tuberculosis and Lung Disease. 2003;7(5):445-
50.

25. WHO. Service Availability And Readiness Assessment (SARA): An annual monitoring system for service delivery.
2015.

2�. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of qualitative
data in multi-disciplinary health research. BMC medical research methodology. 2013;13(1):1-8.

27. Bintabara D, Ngajilo D. Readiness of health facilities for the outpatient management of non-communicable
diseases in a low-resource setting: an example from a facility-based cross-sectional survey in Tanzania. BMJ
Open. 2020;10(11):e040908.

2�. Zemedu TG. Ethiopia Service Availability and Radiness Assessment (SARA) Final Report. Addis Ababa:
Ethiopian Public Health Institute; 2018.

29. El Sony AI, Chiang CY, Malik E, Hassanain SA, Hussien H, Khamis AH, et al. Standard case management of
asthma in Sudan: a pilot project. Public Health Action. 2013;3(3):247-52.

30. Kibirige D, Sanya RE, Nantanda R, Worodria W, Kirenga B. Availability and affordability of medicines and
diagnostic tests recommended for management of asthma and chronic obstructive pulmonary disease in sub-
Saharan Africa: a systematic review. Allergy Asthma Clin Immunol. 2019;15:14.

31. Getachew T, Bekele A, Amenu K, Defar A, Teklie H, Taye G, et al. Service availability and readiness for major non-
communicable diseases at health facilities in Ethiopia. Ethiopian Journal of Health Development.
2017;31(1):384-90.

32. Ferkol T, Schraufnagel D. The global burden of respiratory disease. Ann Am Thorac Soc. 2014;11(3):404-6.

33. Katende D, Mutungi G, Baisley K, Biraro S, Ikoona E, Peck R, et al. Readiness of Ugandan health services for the
management of outpatients with chronic diseases. Tropical medicine & international health. 2015;20(10):1385-
95.

34. Gupta N, Coates MM, Bekele A, Dupuy R, Fenelon DL, Gage AD, et al. Availability of equipment and medications
for non-communicable diseases and injuries at public �rst-referral level hospitals: a cross-sectional analysis of
service provision assessments in eight low-income countries. BMJ Open. 2020;10(10):e038842.

35. National Bureau of Statistics MoFDeS. The United Republic of Tanzania: Population distribution by age and sex.
In: Ministry of Finance DeSOoCGS, President's o�ce Finance Economy and Development planning, editor. Dar
es Salaam2013. p. 57 - 8.

3�. Banda HT, Mortimer K, Bello GA, Mbera GB, Namakhoma I, Thomson R, et al. Informal Health Provider and
Practical Approach to Lung Health interventions to improve the detection of chronic airways disease and
tuberculosis at primary care level in Malawi: study protocol for a randomised controlled trial. Trials.
2015;16:576.

37. Pierce R. Spirometry: an essential clinical measurement. Aust Fam Physician. 2005;34(7):535-9.



Page 17/22

Tables
Table 1: Characteristics of health facilities assessed for readiness for chronic lung disease services in
Tanzania and Sudan.

  Tanzania (n=10) Sudan (n=8) Total

Type of facility

    Regional hospital

    District hospital

    Health centre

    Dispensary    

 

1

1

4

4

 

0

8

0

0

 

1

9

4

4

Managing authority

    Government/public

    Mission/ faith-based

    Private/NGO

 

8

2

0

 

8

0

0

 

16

2

0

Location

    Urban

    Rural

 

1

9

 

1

7

 

2

16

Outpatient services only

    Yes

 

4

 

0

 

4

 
Table 2: Overall outpatient visits and visits for common CLDs, URTI and presumed TB over one-month by
country and health facility
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Country and
health
facility

OPD visit for any
conditions in previous
month

OPD visit for specific conditions and their percentage
contributions to all OPD visits in the health facility in one
month, n (%)

  Total  Asthma  COPD  URTI  Presumed TB  TB neg 

 Tanzania
Regional 
District
Health
centre1
Health
centre2
Health
centre3
Health
centre4
Dispensary1
Dispensary2
Dispensary3
Dispensary4
Total

 
15058
1819
766
202
258
317
675
83
353
281
19812

 
70 (0.5)
27 (1.5)
4 (0.5)
3 (1.5)
3 (1.2)
3 (0.9)
0
0
0
0
119 (0.6)

 
0
0
0
0
0
2 (0.6)
0
0
0
0
2

 
71 (0.5)
0
134 (17.5)
49 (24.3)
0
76 (23.9)
1 (0.2)
6 (7.2)
48 (13.6)
147 (52.3)
532 (2.7)

 
0
0
0
0
27 (10.5)
12 (3.8)
4 (0.6)
0
37 (10.5)
0
80 (0.4)

 
0
0
0
0
24 (9.3)
12 (3.8)
4 (0.6)
0
37 (10.5)
0
77 (0.4)

Sudan
District1
District2
District3
District4
District5
District6
District7
District8
Total

 
995
2321
942
1633
2596
1386
1578
1058
12509

 
0
50 (2.2)
19 (2.0)
30 (1.8)
6 (0.2)
18 (1.3)
15 (0.9)
135 (12.8)
273 (2.2)

 
0
0
0
0
0
0
0
0
0

 
35 (3.5)
138 (5.9)
84 (8.9)
68 (4.2)
65 (2.5)
124 (8.9)
362 (22.9)
70 (6.62)
946 (7.6)

 
8 (0.8)
2 (0.1)
0
5 (0.3)
0
8 (0.6)
9 (0.6)
6 (0.57)
38 (0.3)

 
2 (0.2)
0
0
3 (0.2)
0
2 (0.1)
3 (0.2)
3 (0.28)
13 (0.1)

 
Table 3: Availability of CLD guidelines, criteria for diagnosis and other guidelines by health facility level
in Tanzania and Sudan
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  Tanzania Sudan

Guideline Regional
(n=1)

District
(n=1)

H. centre
(n=4) 

Dispensary
(n=4)

District
(n=8)

Pneumonia guideline 0 0 1 2  4 

Asthma guideline 0 0 1  1  5 

COPD guideline 0 0 1  0 1 

Chronic bronchitis
guideline

0 0 1  0 2 

Criteria for referral 0 0 1  1  4 

Criteria for diagnosis
pneumonia

0 0 1  2  4 

Criteria for diagnosis
asthma

0 0 1  2  4 

Criteria for COPD 0 0 1  1  1 

Follow up COPD 0 0 1  0 0

Follow up asthma 0 0 1  0 4 

 
Numbers in cells represent number of facilities in which each guideline is available

Table 4: Availability of CLD diagnostic equipment by health facility level in Tanzania and Sudan

  Tanzania Sudan  

Diagnostic
equipment

Regional
(n=1) 

District
(n=1)

Health centre
(n=4)

Dispensary
(n=4)

District
(n=8)

Total
(n=18)

Stethoscope 1 1 4 4 8 18

Sputum
container

1 1 4 3 3 12

Peak flow meter 0 0 0 0 2 2

Spacer devices 1 1 0 0 4 6

Pulse oximeter 1 1 1 0 5 8

Oxygen sources  1 1 1 0 7 10

Nebulizer 1 1 0 0 7 9

Slides 1 1 4 2 6 14

 
Note: Numbers in the cells represent health facilities in which each diagnostic equipment was available.

Table 5: Availability of essential CLD medicines by health facility level in Tanzania and Sudan
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  Tanzania Sudan  

CLD medicines Regional
(n=1)

District
(n=1)

H centre
(n=4)

Dispensary
(n=4)

District
(n=8)

Total
(n=18)

Prednisolone oral 1 1 1 1 6 10

Hydrocortisone for
injection

1 1 3 3 6 14

Beclomethasone
inhaler

1 0 0 0 3 4

Other steroid inhaler* 0 0 0 0 3 3

Epinephrine injection 1 1 4 2 6 14

Salbutamol inhaler 1 1 4 3 4 13

Salbutamol sol for
nebuliser

0 1 0 0 8 9

*these include any of fluticasone or budesonide
Note: Numbers in the cells represent number of health facilities in which each essential CLD medicine
was available

Table 6: CLD service readiness score (%) of regional and district level health facilities in Tanzania and
Sudan
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  Tanzania Sudan

Readiness
domain and
indicators

Regional  District District1 District2 District3 District4 District5 District6 District7 District8

Human
resources and
guidelines

i. CLD
refresher or in-
service
training 

ii. Guideline for
any of COPD,
asthma or
chronic
bronchitis

 

0

 

0

 

0

 

0

 

16.7

 

16.7

 

16.7

 

16.7

 

16.7

 

16.7

 

0

 

16.7

 

0

 

0

 

0

 

16.7

 

0

 

16.7

 

0

 

0

Equipment 

peak flow meter

spacer devices

stethoscope

oxygen cylinder

 

0

0

8.3

8.3

 

0

0

8.3

8.3

 

0

0

8.3

8.3

 

0

8.3

8.3

8.3

 

8.3

8.3

8.3

8.3

 

0

8.3

8.3

8.3

 

0

0

8.3

8.3

 

8.3

0

8.3

8.3

 

8.3

0

8.3

0

 

0

8.3

8.3

8.3

Medicine 

Inj.
epinephrine

hydrocortisone
injection

prednisolone
tablets

salbutamol
inhaler

beclomethasone
inhaler

 

6.6

6.6

6.6

6.6

6.6

 

6.6

6.6

6.6

6.6

0

 

6.6

6.6

6.6

0

0

 

6.6

6.6

6.6

6.6

0

 

0

0

6.6

6.6

6.6

 

6.6

0

0

6.6

6.6

 

6.6

6.6

0

6.6

0

 

6.6

6.6

6.6

0

0

 

0

6.6

6.6

0

6.6

 

6.6

6.6

6.6

0

0

Total readiness
score 

49.7 43.1 69.8 84.7 86.4 61.4 36.4 61.3 53.1 44.8

Note: Total readiness score is the column total for all indicators in each of three domains (human resources and guidelines,
equipment and medicine).   Availability of an indicator in a health facility is scored 16.7, 8.3 and 6.6 in the three domains,
respectively. Non availability is scored 0. All scores are in %.

Figures
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Figure 1

Caption found in �gure.


