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Abstract
Background: Chest X-ray has been included in national tuberculosis screening algorithms as a sensitive tuberculosis 
screening tool among high-risk groups. However, the implementation was influenced by multiple factors. We aimed to 
explore facilitators and barriers to implementing chest X-ray in systematic tuberculosis screening of clinically high-risk 
groups in Addis Ababa, Ethiopia.
Methods: We conducted face-to-face, in-depth interviews with purposively selected participants at tertiary-level hospitals 
and a tuberculosis program coordinator at the Ethiopian Ministry of Health, who coordinates chest X-ray-guided systematic 
tuberculosis screening. A framework analysis was conducted using the consolidated framework for implementation research.
Results: We identified 11 constructs that influenced the implementation of the chest X-ray intervention. Facilitators 
included the relative sensitivity of chest X-ray over symptom-based screening, its potential integration into existing systems, 
technological advancements in the area, policies and laws supporting the screening intervention, and the quality of the evidence 
of the screening intervention. Barriers included implementation complexity, high costs of the intervention, knowledge gaps 
among healthcare providers, training gaps, low priority for chest X-ray screening at the healthcare facility level, and a lack of 
external support from the Ministry of Health and stakeholders.
Conclusion: This study identified contextual factors that influence the implementation of chest X-ray guided systematic 
tuberculosis screening among clinically high-risk groups that healthcare facilities and health ministries may use for decision-
making. Addressing the barriers identified by the study would help to improve the implementation of chest X-rays for 
improved tuberculosis case detection and prompt treatment in clinically high-risk groups.
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Introduction

Tuberculosis (TB) remains the leading cause of death from a 
single infectious agent. According to the 2022 World Health 
Organization (WHO) Global TB Report, 1.6 million people 
have died of TB, and 2.9 million are missed to be diagnosed or 
enrolled in care.1 Cases are missed largely due to limited access 
to healthcare services and the workforce and underdeveloped 
health reporting referral linkage systems.2 Missing cases con-
tinue to circulate in the general population with a higher risk of 
spread of the disease.3 Ethiopia is one of the 30 nations with a 
high TB burden, with an annual incidence of 140/100,000 and 
a death rate of 19 per 100,000 population.4 It is estimated that 
29% (48,000) of incident TB cases and 59% (816) of rifampicin 
resistance or multidrug-resistant tuberculosis (RR/MDR-TB) 
cases were missed nationally in 2020, but there was regional 
variation among missed cases in the community.4,5 Suboptimal 
implementation of sensitive screening and testing tools such as 
chest X-ray and Xpert mycobacterium tuberculosis or 
rifampicin (MTB/RIF) assay, use of passive case-finding strat-
egies, poor referral systems, and knowledge and attitude of the 
providers contribute to missing cases in Ethiopia.6

The risk of developing TB is high among clinically high-
risk groups compared to the general population.7,8 One of the 
pillars of the “End TB Strategy 2016–2035” is the systematic 
screening of people who are at high risk for TB.9 The goal of 
screening is to identify patients as soon as possible to reduce 
unnecessary delays in diagnosis and treatment, which lowers 
the risk of poor treatment outcomes, health sequelae, and 
negative social and economic effects of TB for affected indi-
viduals and their families.9 Targeted systematic screening 
programs and more sensitive and specific diagnostic tools 
can offer valuable diagnostic and treatment services, particu-
larly to vulnerable populations with little access to care.10,11

Ethiopia adopted systematic TB screening algorithms in 
2021, in line with the WHO consolidated screening guide-
lines. The algorithms recommend the use of chest X-ray as an 
initial screening tool, in addition to symptom screening, par-
ticularly for high-risk groups.4 Chest X-rays have been used 
for TB screening for many years, together with the symptom 
complex of the disease in high-prevalence populations. Chest 
X-ray TB screening among asymptomatic high-risk individu-
als provides high yields, including persons living with human 
immunodeficiency virus/acquired immunodeficiency syn-
drome (HIV/AIDS), smokers, end-stage renal failure, drug or 
alcohol users, diabetes, prisoners, and close contacts with TB 
patients.12 A study done in Uganda reported chest X-ray 
screening for pulmonary TB had 93% sensitivity and 65% 
specificity, which were higher than the 76% and 31%, respec-
tively, found in symptom screening.13 The yield of TB diag-
nosis increased by 38% as a result of screening methodologies 
that included chest X-rays in addition to symptoms. In 
Ethiopia, people diagnosed with TB with mild or no symp-
toms of TB have a better outcome from screening based on 
chest radiography.14–16 When chest X-ray TB screening was 

used in the country’s first national population-based TB prev-
alence survey, more than 50% of confirmed TB cases were 
identified using chest X-ray screening.17 A facility-based 
cross-sectional study conducted in Ethiopia on the impact of 
early chest radiography on delay in pulmonary TB case noti-
fication showed that early screening using chest X-ray mini-
mized delays in the diagnosis of pulmonary TB among people 
with coughs of any duration.18

The implementation of systematic screening of TB in 
high-burden countries is influenced by multiple factors, 
including low screening and testing capacity, limited under-
standing of systematic screening techniques, and limited 
health workers’ competence in TB screening.19–24 The char-
acteristics of technological innovations and advancements, 
access, sensitivity, and specificity of chest X-ray techniques 
facilitate, while cost and providers’ lack of technical compe-
tency hinder, the adoption of chest X-rays in systematic TB 
screening.25–29

Despite systematic screening interventions having been 
endorsed by the Ministry of Health and implemented in 
Ethiopia, the use of chest X-rays as screening tools among 
clinically high-risk groups in health facilities has not been 
adopted. Studies have not yet been conducted in Ethiopia to 
learn from clinicians about the facilitators and barriers to its 
implementation and the best ways to address identified chal-
lenges. Hence, this study aimed to explore facilitators and 
barriers to implementing chest X-rays in systematic TB 
screening of clinically high-risk groups in Addis Ababa, 
Ethiopia.

Methods

Study design

We used a qualitative study design using a qualitative con-
tent analysis approach. A consolidated framework for imple-
mentation research (CFIR) was used to understand the 
common factors that affect the implementation of the inter-
vention in a given context, comprising five domains: innova-
tion, outer, inner, individual, and implementation process 
domains.30

Study setting

The study was conducted in Addis Ababa, the capital city of 
Ethiopia. The Addis Ababa Health Bureau is responsible for 
overall health-related interventions in the city, including the 
administration of six government-owned hospitals and 106 
health centers, while some other hospitals in the city are gov-
erned centrally by the Ministry of Health.31 For this study, 
three tertiary-level government hospitals were included: St. 
Peter Hospital, Zewditu Memorial Hospital, and Yekatit 12 
Hospital Medical College. St. Peter Specialized Hospital is 
under the jurisdiction of the Ministry of Health and is the 
leading TB-specialized hospital in Ethiopia. Zewditu 
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Memorial Hospital and Yekatit 12 Hospital Medical College 
are under the Addis Ababa Health Bureau, with higher TB 
and HIV patient loads. Hence, the three healthcare facilities 
were purposively selected for their active engagement and 
implementation of systematic TB screening. To further 
understand and triangulate the clinical and programmatic 
aspects of the implementation of the chest X-ray interven-
tion, the Ethiopian Ministry of Health was also included in 
the study.

Participants

Criterion-based purposive sampling was used to select study 
participants. In each of the three hospitals, the criteria 
included having ample experience in healthcare services 
and working for more than a year in One-Stop Shops/Cough 
Outpatient Departments (OPDs), ART clinics, and regular 
OPDs. Participants who were unwilling to give consent or 
absent during the data collection session were excluded 
from the study. Based on the criteria, we have selected a 
total of 10 participants from three tertiary-level government 
hospitals. Of the total 10 participants, 9 were clinicians from 
the 3 hospitals, and the remaining participant was 
Tuberculosis and Leprosy coordinator at the Ministry of 
Health. The inclusion of the participant from the Ministry of 
Health was to obtain an in-depth understanding of the coor-
dination at the national level. The principle of data satura-
tion determined the sample size.32 Since there was no new 
information that emerged, we stopped the interview at the 
proposed sample size.

Data collection

Data were collected using face-to-face in-depth interview 
techniques, which were conducted between 1 January and 31 
March 2023. An interview guide was developed based on the 
CFIR construct. Interviews were conducted by the corre-
sponding author, a medical doctor, with a master’s degree in 
public health. He has good experience in qualitative research 
and conducting interviews. The interviewer was not involved 
in participant selection, and attachment to the participants 
was only for study purposes. The interview guide was not 
validated but rather piloted among two clinicians (20%) who 
were not on the list of study participants and the interview 
guide was refined as necessary. Participants were approached 
during their break at work and after work at their conveni-
ence. The purpose of the study was explained, and written 
informed consent was obtained before the interviews were 
conducted. Of the participants approached, five refused to be 
involved in the study due to lack of time. None of the partici-
pants dropped out of the study after initial acceptance, and 
repeat interviews were not conducted. Audio recordings 
were used to collect data during the interviews, and addi-
tional notes were taken during the interviews. The interviews 
were carried out within the health facilities in private 

locations and based on each participant’s preference for the 
location and time. Each interview lasted an average of 25–
30 min. All the interviews were audio recorded and tran-
scribed verbatim into Amharic and then translated into 
English.

Data management and analysis

Deductive analysis was used based on the CFIR frame-
work. Open code software was used to facilitate data man-
agement, coding, and analysis. The analysis was initiated 
after the data were transcribed and translated. The corre-
sponding author who conducted the interview did the initial 
data analysis, which was checked and verified by the 
Investigator team. Stepwise, first, multiple revisions of the 
transcript and tape recordings were made to familiarize 
with the data. Second, coding using the CFIR domains and 
new emerging codes were looked at during line-by-line 
coding. Third, a code report was generated from Open 
Code Software 4.2. Fourth, the research team over checked 
the coding process. Fifth, analytical summaries were devel-
oped based on the construct. Finally, determinations were 
made whether the construct exerted a negative, positive, or 
neutral influence on the implementation of chest X-ray as a 
systematic TB screening tool among clinically high-risk 
groups.

Quality assurance

The trustworthiness of the data was ensured by applying dif-
ferent approaches following Lincoln and Guba’s33 four crite-
ria, namely, credibility, dependability, confirmability, and 
transferability. Rapport and trust with informants were cre-
ated to ensure prolonged engagement and persistent observa-
tion. The Consolidated Criteria for Reporting Qualitative 
Research checklist34 was followed and applied throughout 
the data collection and analysis. Data collection from both 
the facility and ministerial level ensured data triangulation 
by person and place.

Ethical considerations

The study protocol has been reviewed and approved by the 
Research Ethical Review Committee of the Addis Continental 
Institute of Public Health (Reference No. ACIPH-
MPH/063/15). Further permission to conduct the study was 
obtained from the Addis Ababa Health Bureau, the Ministry 
of Health, and each of the three study hospitals. Written 
informed consent was obtained from each participant after 
the provision of necessary explanations about the purpose, 
procedure, benefits, and risks of the study. Participants were 
informed of the voluntary participation and the right to refuse 
a few or all of the questions at any point. The privacy of the 
study participants was strictly maintained, and all the audio 
records were stored on a password-protected computer and 
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deleted after proper transcription and translation to assure 
the confidentiality of the information obtained.

Results

A total of 10 in-depth interviews were conducted. The char-
acteristics of the participants are described in Table 1.

Eleven constructs across the four domains of the CFIR 
model emerged as important factors influencing positively or 
negatively the implementation of chest X-ray in systematic 
TB screening among clinically high-risk groups. Table 2 
summarizes the barriers and facilitators to the implementa-
tion of chest X-ray in systematic TB screening among clini-
cally high-risk groups organized by CFIR domains.

The key constructs for each domain are summarized as 
follows using illustrative quotations.

Domain 1: Innovation characteristics

In this domain, four constructs emerged as important factors 
influencing the implementation of chest X-rays as system-
atic TB screening. Facilitators were the relative advantage 

and quality of the evidence base of the innovation, whereas 
complexity and the cost of the intervention were barriers.

Relative advantage: All participants believed that using a 
chest X-ray screening tool was better than symptom-based 
screening. Implementing chest X-ray imaging in addition to 
symptom screening will definitely increase the sensitivity 
and specificity and the probability of detecting active TB and 
facilitate implementation.

Chest X-ray is more sensitive when compared with symptom-
based screening. “Um,” most of the time, patients with active 
TB disease may not be symptomatic, so now that asymptomatic 
TB disease is common, we may miss more active TB disease 
patients with this symptom screening. especially in high-risk 
groups. . .. . . (IDI with participant 011)

In contrast, all participants identified radiation exposure as 
the main disadvantage of chest X-ray but not a barrier to 
implementation.

Well, the harm of a chest X-ray is radiation exposure, “um,” but 
the radiation harm is little. A person can have more exposure to 
radiation from nature. . . (IDI with participant 012)

Table 1. Sociodemographic characteristics of the study participants from the Ministry of Health and tertiary hospitals, Addis Ababa, 
Ethiopia 2023 (n = 10).

ID Age Sex Educational level Department Work experience (Year)

005 33 F MD OPD 5
006 49 F MD ART clinic 18
007 29 F MD ART clinic 2
008 32 M MD ART clinic 1
009 31 M MD One stop shop 5
010 26 F MD OPD 2
011 45 M MD TBL coordinator 3
012 36 M MD, specialty in internal medicine OPD 10
013 47 M MD, specialty in internal medicine OPD 17
014 36 M MD, specialty in internal medicine OPD 7

ID: participant identification; MD: medical doctor; OPD: outpatient department; ART: antiretroviral treatment; TBL: tuberculosis and leprosy.

Table 2. Facilitators and barriers to implementing chest X-ray for systematic TB screening among high-risk groups in tertiary hospitals 
in Addis Ababa across the four domains of the CFIR, 2023.

Domain Themes

Facilitators Barriers

Innovation Advantage of the chest X-ray over symptom 
screening

Complexity implementing chest X-ray as a screening tool

Quality of evidence of the intervention High cost incurred by healthcare facilities
Outer Policies and laws supporting the intervention Lack of external support from the Ministry of Health and stakeholders
Inner Availability of digital X-ray and technological 

advancements
Lack of access to training on updated guidelines and recommendations

Supportive implementation systems already 
in place

Lack of priority for chest X-ray tool for TB screening at health facility

Individuals Lack of uniform and comprehensive knowledge
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Evidence base: Only one health worker highlighted the qual-
ity of the evidence and strength of the intervention as facili-
tators for implementation. Previously nationwide 
population-based TB surveys showed the superiority of chest 
X-rays over other tools.

10–11 years ago, we did a population-based TB prevalence 
survey that showed symptom screening misses a lot of active TB 
diseases, and most of the survey detected culture-positive TB 
cases after chest X-ray screening. . . (IDI with participant 011)

Complexity: Most of the participants believed that adopt-
ing chest X-ray as a systematic TB screening tool is com-
plex. The complexity of screening is related to the burden it 
creates on radiologists and radiographers, lack of priority, 
and lack of awareness about screening protocols.

Obviously, it is complex because, for example, the radiographers 
or radiology department will have a burden when we adopt it as 
a screening tool. If the burden increases, the waiting list will 
increase. . .. . . (IDI participant 009).

However, a few participants, on the other hand, had mixed 
feelings. For example, in a hospital setting where digital 
X-rays and radiologists are available, this process is not 
complex.

Um, it depends on the type of facility. It is easy in a referral 
hospital like this because there is chest X-ray access and a 
radiologist for interpretation. . .. . . (IDI participant 013).

Cost: All participants emphasized that the cost of the 
intervention and the associated costs of implementing the 
intervention are large barriers to implementation.

. . .. . .health facilities use chest X-ray as a means of generating 
income and facility revenue. A person pays for an X-ray after 
being X-rayed. . . (IDI with participant 011)

Few participants believed that health insurance services 
and exempting RVI patients from paying for every investiga-
tion found in the institution, such as a chest X-ray, complete 
blood count, and organ function tests in health facilities, 
decreased the burden.

As I told you before, having health insurance has made it easy. 
Currently, every investigation is free in an HIV clinic, so it is 
easy to implement. (IDI with participant 007)

Domain 2: Outer setting

In this domain, two constructs, external policies and external 
support and financing, emerged as facilitators and barriers to 
implementing chest X-rays for systemic TB screening among 
clinically high-risk groups, respectively.

External policies and laws: Some of the participants said 
that policies, guidelines, and recommendations facilitated 
the implementation of the chest X-ray screening tool.

. . .supporting a given recommendation with policies and 
guidelines will ease its implantation because it is used as a base 
by health workers. (IDI with participant 014)

External support and financing: Nearly all participants 
believed that support from the ministry, partners, and other 
stakeholders was not as expected and played a major role as 
a barrier to implementing chest X-ray for systematic TB 
screening.

. . .I don’t see support from the minister of health. (IDI with 
participant 005)

Domain 3: Inner settings

Four constructs emerged in this domain. Available resources 
and structural characteristics are facilitators, whereas rela-
tive priority and access to knowledge and information are 
barriers to implementing chest X-ray as systematic TB 
screening among clinically high-risk groups in health 
facilities.

Available resources: All participants suggested that the 
presence of a functional digital X-ray and radiologist at the 
hospital level greatly facilitates the implementation of 
chest X-ray systematic TB screening among high-risk 
groups, but complexity may still arise because of a high 
patient load and a lack of use of opportunities like artificial 
intelligence.

. . .the first main thing is increased chest X-ray accessibility, 
digital X-ray imaging, and access to the network to improve 
radiologist reports. . . (IDI with participant 013)

Structural characteristics: Few participants said the pres-
ence of a chronic care system; an already structured facility 
has a better chance of implementing chest X-ray as a system-
atic TB screening tool among high-risk groups because the 
cascading new system is very costly.

During the implementation of new initiatives or approaches, 
cascading a new structure is very costly, but we can use the 
already implemented systems or approaches in the hospitals. . . 
(IDI with participant 014)

Implementation climate (relative priority): Nearly all partici-
pants believed that even though systematic TB screening is 
given due attention, chest X-ray screening among clinically 
high-risk groups is not prioritized at all facility levels. Lack 
of practice, a lack of supportive monitoring and supervision, 
a lack of standard operating guidelines in hospitals, and 
using only symptoms show a lack of priority.
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TB screening has priority in different ways but not in chest X-ray. 
In almost every hospital, opening the cough OPD and helping 
patients use the service have been practiced. This trend continued 
even though it was inconsistent. The use of a chest X-ray for 
screening is not practiced. . . (IDI with participant 012)

Access to knowledge and information: Most study participants 
stated that even though evidence changes over time and pro-
viders must remain up-to-date, there was a lack of refresher 
training as well as updated information and guidelines.

. . .we have requested for update training on newly published 
papers, but not yet given in the OPD. (IDI with participant 008)

Domain 4: Characteristics of individuals

In this domain, one construct emerged as important: knowl-
edge and belief about innovation.

Knowledge and belief about the innovation: Lack of 
knowledge and belief among health professionals toward 
chest X-ray as a systematic TB screening tool among clini-
cally high-risk groups was a barrier. More than half of the 
participants assumed that chest X-rays were diagnostic tests, 
not screening tools.

. . .If a patient presents with TB symptom complex, we will send 
not only chest X-ray but also gene x-pert, LF LAM and others. 
There is no guideline that recommends the use of chest X-rays as 
screening tools. (IDI with participant 008)

In contrast, few participants believed that chest X-rays could 
be used as a TB screening tool among clinically high-risk 
groups.

Discussion

This study aimed to assess the facilitators and barriers to 
implementing a chest X-ray screening tool based on the 
CFIR construct.

Facilitators of implementing chest X-ray as 
systematic TB screening among clinically high-risk 
groups in tertiary hospitals

Major facilitators include relative advantage, external poli-
cies and laws, structural characteristics, and available 
resources.

Relative advantage

Relative advantage is the most relevant intervention character-
istic that facilitates the implementation of chest X-ray as a sys-
tematic screening tool among clinically high-risk groups. Most 
healthcare workers believe that using a chest X-ray as a screen-
ing tool is more advantageous than symptom screening. This is 
primarily related to the sensitivity and specificity of screening 

tools, which helps to rule out other differential diagnoses, avoid 
delays in diagnosis, and decrease missed cases of TB. Chest 
X-rays increase the sensitivity and specificity of screening for 
TB, especially among clinically high-risk groups. A study done 
in India showed that chest X-ray had better sensitivity and 
specificity than symptom screening.35 The yield of TB diagno-
ses increased by 38% as a result of screening methodologies 
that include chest X-ray in addition to symptoms.13 According 
to the EXIT-TB project done in East Africa, the use of chest 
X-ray services for TB increased TB case detection and reduced 
delays in TB care.36 The Global Plan recommends that, at mini-
mum, 95% of people developing TB each year need to be diag-
nosed and treated, and that no one should be left behind. To 
find the missing people with TB, different approaches are 
needed depending on the local setting. Therefore, early screen-
ing and diagnosis lead to prompt treatment, recovery, and 
decreased catastrophic costs to the patient and family.

External policies

Global and national policies facilitate the implementation of 
sensitive screening tools such as digital chest X-rays and the 
use of artificial intelligence. According to half of the health 
workers in different facilities, they believe that the policies, 
guidelines, and recommendations regarding chest X-ray 
screening tools facilitate the implementation climate. This is 
because international and national commitments lead to 
leadership engagement, funding opportunities for implemen-
tation, working to achieve common goals, research, and 
innovations such as computer-aided diagnostics. The WHO 
addressed the use of chest X-ray for systematic TB screening 
among clinically high-risk groups.37 The Global Plan to End 
TB advocates integrating sensitive TB screening and testing 
into other health services, with a focus on services that 
address common comorbidities or risk groups.38 Guidelines 
for the National TB Program in Ethiopia recommend the use 
of chest X-ray screening algorithms in high-risk groups of 
the population.4 All of these commitments indirectly show 
the use of sensitive TB screening tools.

Structural characteristics

The structural characteristics of the inner setting are one of 
the factors that influence implementation. It depends on the 
social architecture, age, maturity, and size of an organiza-
tion. According to healthcare workers, implementing chest 
X-ray as a systematic TB screening algorithm is less com-
plex in a healthcare setting with a mature, well-established 
healthcare system and adequate space for screening. A well-
established healthcare facility helps implement integrative 
service delivery systematically.39 Integrated service delivery 
combines multiple interrelated health services into one inter-
action. It has the potential to accelerate the finding of miss-
ing persons with TB while addressing other health conditions 
that contribute to TB morbidity and mortality (i.e., HIV, dia-
betes, undernutrition, tobacco use, and COVID-19).40 It is a 
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less costly and more effective way to implement chest X-ray 
screening algorithms in clinically high-risk groups.

Available resources

Resources available in the inner setting are another construct 
that facilitates the implementation of chest X-rays as a sys-
tematic screening algorithm. Resources like the availability 
of digital X-rays and a radiologist are important for imple-
mentation. Unlike our study, a retrospective study using rou-
tine program data in 21 health facilities in East Africa showed 
insufficient resources as a challenge for TB screening.41 
Tertiary hospitals are equipped with X-ray machines and 
radiologists; this might be the case in our case.

Barriers to implementing chest X-ray as 
systematic TB screening among clinically high-risk 
groups in health facilities

Major barriers include the complexity of the intervention, 
relative priority in the health facilities, the cost of the inter-
vention, individual knowledge and beliefs, and lack of con-
solidated programmatic guidance (external support).

Complexity

Perceived difficulty in implementation was the most relevant 
intervention characteristic that influenced the use of chest 
X-ray as a systematic TB screening tool among clinically 
high-risk groups. This was primarily related to increased 
direct and indirect costs, increased waiting time to get the 
screening, a lack of priority, and a lack of awareness about 
the screening protocol.

Cost of the innovation

The cost associated with chest X-ray use for systematic TB 
screening among high-risk groups in health facilities is a 
challenge for implementation, especially in lower- and 
middle-income countries. All healthcare professionals 
addressed the issue of chest X-ray implementation costs. 
Costs related to initial investment and running costs 
(including requirements for consumables, operational 
costs, and maintenance costs) will be high. According to 
the 2019 Mini Ethiopian Demographic and Health Survey, 
health insurance coverage in Ethiopia was 28.1%, and 
12.32% in Addis Ababa.42 A cross-sectional survey done in 
Ethiopia showed the mean cost of TB care to be $118 per 
episode, with 49% being the direct cost.43 Patients are 
obliged to pay for chest X-ray in the current health system 
of Ethiopia, except for patients with HIV. This is similar to 
what has been observed in other East African countries.41 
This creates a burden on patients, leading to increased cata-
strophic costs and delays in diagnosis and treatment. It also 
creates economic hardship for the health system because 
hospitals use X-ray machines as revenue. Therefore, a 

broader dialog on the cost of TB screening, its funding, and 
accompanying resources is needed. Resource limitations 
redirected and limited donor aids will leave some interven-
tions strained, and TB is no exception.

Relative priority

Priority is a common intervention characteristic that influ-
ences the implementation ecosystem. Most healthcare work-
ers believe that chest X-ray screening algorithms among 
clinically high-risk groups are not prioritized by healthcare 
professionals in health facilities. Even though symptomatic 
TB screening had been implemented in health facilities by 
integrating symptom screening in OPDs in different disci-
plines and by establishing a cough OPD/one-stop-shop, the 
use of chest X-ray screening algorithms among clinically 
high-risk groups was not prioritized and implemented. Poor 
knowledge, attitudes, and practices related to ward chest 
X-ray screening algorithms, a lack of supportive monitoring 
and supervision, and using only symptoms show a lack of 
priority. However, the presence of guidelines and strategies 
that recommend the use of chest X-rays as systematic TB 
screening among clinically high-risk groups in health facili-
ties shows the priority given by the minister of health.

Knowledge and beliefs of the individuals

Knowledge and beliefs of the individuals involved in the 
systematic TB screening influence the implementation of the 
intervention. Healthcare professionals’ lack of knowledge 
about the screening algorithms in clinically high-risk groups 
is a barrier to the implementation of chest X-ray as a screen-
ing tool. This is similar to other multicenter studies done in 
Africa.41 This was related to the poor dissemination work-
shop about the new guidelines, the lack of training, and con-
tinuous professional development courses in the facilities. 
This is similar to the study done in Uganda, which showed 
that a lack of training on TB guidelines is one of the chal-
lenges for implementation.44

Access to knowledge and information

Access to knowledge and information is an important con-
struct in the inner setting that influences the implementation 
of new interventions. Knowledge comes first before imple-
menting an effective intervention in a health facility because 
implementers should understand and absorb information 
before putting it into practice. The study showed that most 
healthcare workers believe there is a gap in accessing infor-
mation regarding new scientific and updated guidelines. This 
is similar to the study done in Uganda, which showed that a 
lack of training on TB guidelines is one of the challenges for 
implementation.44 This is related to a lack of priority for 
chest X-ray in systematic TB screening at the facility level, 
an underdeveloped continuous professional development 
curriculum, and poor engagement of the minister of health 
and other stakeholders.
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External support and financing

Other barriers to implementing the intervention include a 
lack of external support and incentives. External support 
from the minister of health, the regional health bureau, and 
relevant stakeholders can be financial or technical. The par-
ticipants believed that support from the ministry, partner, and 
other stakeholders was not as expected regarding chest X-ray 
use for systematic TB screening and that projects were for 
short periods and phased out without bringing sustainable 
change. This is a similar scenario in different projects, as 
seen in the EXIT TB project.36 This leads to low commit-
ment, low priority, financial burden, and finally difficulty in 
scaling the implementation of chest X-ray as systematic TB 
screening.

This study addresses the knowledge and information gap 
in the implementation of chest X-ray-guided systematic TB 
screening in Ethiopia. This is the first study to document the 
facilitators and barriers of chest X-ray systematic TB screen-
ing among clinically high-risk groups in tertiary hospitals in 
Ethiopia. The qualitative methodology and guiding frame-
work allowed for a deeper exploration to capture the adapt-
ability of the intervention in health facilities. The study has 
some limitations, such as using a qualitative design with a 
small sample size limits the accuracy and generalizability of 
the results; the richness of experience and perspective of the 
participants have reduced this limitation. Social desirability 
bias may have been introduced despite the precautions taken 
during the interviews. The collection and analysis of quanti-
tative data may strengthen the evidence.

Conclusion

The CFIR domains and constructs were found to be valuable 
for structuring the in-depth interview guide and analyzing 
the resulting data. The facilitators and barriers identified in 
this study represent contextual factors that are actionable by 
healthcare workers and program coordinators. The most 
important facilitators, as determined by the participants, 
were relative advantage, external policies and laws, struc-
tural characteristics, and available resources, while the most 
important barriers to implementation were the complexity of 
the intervention, relative priority in the health facilities, the 
cost of the intervention, individual knowledge and beliefs, 
and a lack of consolidated programmatic guidance (external 
support). The specific facilitators and barriers found here 
could be considered when attempting to adopt chest X-ray 
screening algorithms in systematic TB screening among 
clinically high-risk groups in tertiary hospitals. Improving 
systematic TB screening in health facilities requires over-
coming these identified barriers. Therefore, actionable rec-
ommendations should be developed based on the findings.

Data availability statement

The raw data supporting the conclusion of this article will be made 
available by the authors without undue reservation.

Acknowledgements

The authors are grateful to the study participants for taking their 
valuable time and to the Ethiopian Ministry of Health and Addis 
Ababa City Administration Health Bureau for facilitating the data 
collection.

Author’s contributions

YA, FW, and TM were involved in the study conception. YA was 
involved in data acquisition. All authors were also involved in the 
design, analysis, and/or interpretation of data. YA wrote the first 
draft, and FW and TM critically reviewed it. All authors reviewed 
the paper, provided comments, and approved the final version of 
the manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Informed consent

Written informed consent was obtained from all subjects before the 
study.

Trial registration

Not applicable.

ORCID iDs

Yishak Abraham  https://orcid.org/0009-0008-5546-3906
Tesgahun Manyazewal  https://orcid.org/0000-0002-8360-7574
Zekarias Amdemariam  https://orcid.org/0009-0002-4793-6626

Supplemental material

Supplemental material for this article is available online.

References

 1. World Health Organization (WHO). Global tuberculosis 
report 2022. Geneva, Switzerland: WHO, https://www.who.
int/publications/i/item/9789240061729 (2022).

 2. Padayatchi N, Daftary A, Naidu N, et al. Tuberculosis: treat-
ment failure, or failure to treat? Lessons from India and South 
Africa. BMJ Glob Health 2019; 4(1): e001097.

 3. Bagcchi S. WHO’s global tuberculosis report 2022. Lancet 
Microb 2023; 4(1): e20.

 4. Ethiopian Ministry of Health (MOH). Guidelines for clinical 
and programmatic management of TB, TB/HIV, DR-TB, and 
Leprosy in Ethiopia. Addis Ababa, Ethiopia: MOH, 2021.

 5. Arega B, Tilahun K, Minda A, et al. Prevalence rate of undi-
agnosed tuberculosis in the community in Ethiopia from 2001 
to 2014: systematic review and meta-analysis. Arch Public 
Health 2019; 77(1): 33.

 6. Mohammed H, Oljira L, Roba KT, et al. Burden of tuber-
culosis and challenges related to screening and diagnosis in 
Ethiopia. J Clin Tuberc Mycobact Dis 2020; 19: 100158.

https://orcid.org/0009-0008-5546-3906
https://orcid.org/0000-0002-8360-7574
https://orcid.org/0009-0002-4793-6626
https://www.who.int/publications/i/item/9789240061729
https://www.who.int/publications/i/item/9789240061729


Abraham et al. 9

 7. WHO. WHO operational handbook on tuberculosis. Module 
2: screening—systematic screening for tuberculosis disease. 
Geneva: World Health Organization, 2021.

 8. Mohammed H, Oljira L, Roba KT, et al. Tuberculosis prev-
alence and predictors among health care-seeking people 
screened for cough of any duration in Ethiopia: a multicenter 
cross-sectional study. Front Public Health 2022; 9: 805726.

 9. WHO. Global strategy and targets for tuberculosis preven-
tion, care and control after 2015: post-2015 global tuberculo-
sis strategy framework. Geneva: World Health Organization, 
2014.

 10. Getachew E, Adebeta T, Gebrie D, et al. Pyrosequencing for 
diagnosis of multidrug and extensively drug-resistant tuber-
culosis: a systemic review and meta-analysis. J Clin Tuberc 
Mycobact Dis 2021; 24: 100254.

 11. Said B, Charlie L, Getachew E, et al. Molecular bacterial 
load assay versus culture for monitoring treatment response 
in adults with tuberculosis. SAGE Open Med 2021; 9: 
205031212110334.

 12. Mohd Hassan NZA, Razali A, Mohd Nor Sham Kunusagaran 
MSJ, et al. A symptomatic approach to tuberculosis screen-
ing for high-risk groups in Malaysia: cost-effectiveness and 
budget impact analysis. J Clin Tuberc Mycobact Dis 2022; 29: 
100334.

 13. Nalunjogi J, Mugabe F, Najjingo I, et al. Accuracy and incre-
mental yield of the chest X-ray in screening for tuberculosis 
in Uganda: a cross-sectional study. Tuberc Res Treat 2021; 
2021: 6622809.

 14. Hailemariam T, Yimer G, Mohammed H, et al. Chest X-ray 
predicts cases of pulmonary tuberculosis among women of 
reproductive age with acute respiratory symptoms: a multi-
center cross-sectional study. J Clin Tuberc Mycobact Dis 
2023; 32: 100383.

 15. Comeche B, Pérez-Butragueño M, Górgolas M, et al. Diagnosis 
and management of adult tuberculosis patients admitted to a 
Rural Hospital in Ethiopia. Cureus 2023; 15(2): e35519.

 16. Mohammed H, Oljira L, Teji Roba K, et al. Who to involve 
and where to start integrating tuberculosis screening into rou-
tine healthcare services: positive cough of any duration as the 
first step for screening tuberculosis in Ethiopia. Risk Manag 
Healthc Policy 2021; 14: 4749–4756.

 17. Kebede AH, Alebachew Z, Tsegaye F, et al. The first popula-
tion-based national tuberculosis prevalence survey in Ethiopia, 
2010–2011. Int J Tuberc Lung Dis 2014; 18(6): 635–639.

 18. Mohammed H, Oljira L, Roba K, et al. Impact of early chest 
radiography on delay in pulmonary tuberculosis case notifica-
tion in Ethiopia. Int J Mycobacteriol 2021; 10(4): 364.

 19. Asemahagn MA, Alene GD and Yimer SA. A qualitative 
insight into barriers to tuberculosis case detection in East 
Gojjam Zone, Ethiopia. Am J Trop Med Hyg 2020; 103(4): 
1455–1465.

 20. Andom AT, Gilbert HN, Ndayizigiye M, et al. Understanding 
reasons for suboptimal tuberculosis screening in a low-
resource setting: a mixed-methods study in the Kingdom of 
Lesotho. PLoS Glob Public Health 2022; 2(3): e0000249.

 21. Ohene S-A, Bonsu F, Hanson-Nortey NN, et al. Provider ini-
tiated tuberculosis case finding in outpatient departments of 
health care facilities in Ghana: yield by screening strategy and 
target group. BMC Infect Dis 2017; 17(1): 739.

 22. Mussie KM, Yimer SA, Manyazewal T, et al. Exploring local 
realities: perceptions and experiences of healthcare workers 
on the management and control of drug-resistant tuberculosis 
in Addis Ababa, Ethiopia. PLoS One 2019; 14(11): e0224277.

 23. Biermann O, Lönnroth K, Caws M, et al. Factors influenc-
ing active tuberculosis case-finding policy development and 
implementation: a scoping review. BMJ Open 2019; 9(12): 
e031284.

 24. Manyazewal T, Woldeamanuel Y, Holland DP, et al. 
Effectiveness of a digital medication event reminder and mon-
itor device for patients with tuberculosis (SELFTB): a mul-
ticenter randomized controlled trial. BMC Med 2022; 20(1): 
310.

 25. Ji Y, Cao H, Liu Q, et al. Screening for pulmonary tubercu-
losis in high-risk groups of diabetic patients. Int J Infect Dis 
2020; 93: 84–89.

 26. Piccazzo R, Paparo F and Garlaschi G. Diagnostic accuracy of 
chest radiography for the diagnosis of tuberculosis (TB) and 
its role in the detection of latent TB infection: a systematic 
review. J Rheumatol Suppl 2014; 91: 32–40.

 27. Van’T Hoog A, Viney K, Biermann O, et al. Symptom- and 
chest-radiography screening for active pulmonary tuberculosis 
in HIV-negative adults and adults with unknown HIV status. 
Cochrane Database Syst Rev 2022; 3(3): CD010890.

 28. Pinto LM, Pai M, Dheda K, et al. Scoring systems using chest 
radiographic features for the diagnosis of pulmonary tubercu-
losis in adults: a systematic review. Eur Respir J 2013; 42(2): 
480–494.

 29. Shamanewadi AN, Naik PR, Thekkur P, et al. Enablers and 
challenges in the implementation of active case findings in a 
selected district of Karnataka, South India: a qualitative study. 
Tuberc Res Treat 2020; 2020: 9746329.

 30. Damschroder LJ, Reardon CM, Widerquist MAO, et al. The 
updated consolidated framework for implementation research 
based on user feedback. Implement Sci 2022; 17(1): 75.

 31. Chilot D, Woldeamanuel Y and Manyazewal T. Real-time 
impact of COVID-19 on clinical care and treatment of patients 
with tuberculosis: a multicenter cross-sectional study in Addis 
Ababa, Ethiopia. Ann Glob Health 2021; 87(1): 109.

 32. Saunders B, Sim J, Kingstone T, et al. Saturation in qualitative 
research: exploring its conceptualization and operationaliza-
tion. Qual Quant 2018; 52(4): 1893–1907.

 33. Lincoln YS and Guba EG. But is it rigorous? Trustworthiness 
and authenticity in naturalistic evaluation. New Dir Program 
Eval 1986; 1986(30): 73–84.

 34. Tong A, Sainsbury P and Craig J. Consolidated criteria for 
reporting qualitative research (COREQ): a 32-item checklist 
for interviews and focus groups. Int J Qual Health Care 2007; 
19(6): 349–357.

 35. Chadha VK, Anjinappa SM, Rade K, et al. Sensitivity and 
specificity of screening tools and smear microscopy in active 
tuberculosis case finding. Indian J Tuberc 2019; 66(1):  
99–104.

 36. Isangula K, Philbert D, Ngari F, et al. Implementation of evi-
dence-based multiple focus integrated intensified TB screen-
ing to end TB (EXIT-TB) package in East Africa: a qualitative 
study. BMC Infect Dis 2023; 23(1): 161.

 37. World Health Organization. Chest radiography in tubercu-
losis detection: summary of current WHO recommendations 



10 SAGE Open Medicine

and guidance on programmatic approaches. Geneva: World 
Health Organization, 2016, p. 39.

 38. Manyazewal T, Woldeamanuel Y, Getinet T, et al. Patient-
reported usability and satisfaction with electronic medication 
event reminder and monitor device for tuberculosis: a multi-
centre, randomised controlled trial. EClinicalMedicine 2023; 
56: 101820.

 39. Manyazewal T and Matlakala MC. Implementing health care 
reform: implications for performance of public hospitals in 
central Ethiopia. J Glob Health 2018; 8(1): 010403.

 40. Manyazewal T, Ali MK, Kebede T, et al. Mapping digital 
health ecosystems in Africa in the context of endemic infec-
tious and non-communicable diseases. Npj Digit Med 2023; 
6(1): 97.

 41. Mnyambwa NP, Philbert D, Kimaro G, et al. Gaps related 
to screening and diagnosis of tuberculosis in care cascade in 
selected health facilities in East Africa countries: a retrospec-
tive study. J Clin Tuberc Mycobact Dis 2021; 25: 100278.

 42. Merga BT, Balis B, Bekele H, et al. Health insurance cov-
erage in Ethiopia: financial protection in the Era of sustain-
able development goals (SDGs). Health Econ Rev 2022; 
12(1): 43.

 43. Assebe LF, Negussie EK, Jbaily A, et al. Financial burden of 
HIV and TB among patients in Ethiopia: a cross-sectional sur-
vey. BMJ Open 2020; 10(6): e036892.

 44. Wynne A, Richter S, Banura L, et al. Challenges in tubercu-
losis care in Western Uganda: health care worker and patient 
perspectives. Int J Afr Nurs Sci 2014; 1: 6–10.


