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Abstract

Decentralizing childhood tuberculosis services, including diagnosis, is now recommended

by the WHO and could contribute to increasing tuberculosis detection in high burden coun-

tries. However, implementing microbiological tests and clinical evaluation could be challeng-

ing for health care workers (HCWs) in Primary Health Centers (PHCs) and even District

Hospitals (DHs). We sought to assess the acceptability of decentralizing a comprehensive

childhood tuberculosis diagnosis package from HCWs’ perspective. We conducted imple-

mentation research nested within the TB-Speed Decentralization study. HCWs from two

health districts of Cambodia, Cameroon, Côte d’Ivoire, Mozambique, Sierra Leone, and

Uganda implemented systematic screening, nasopharyngeal aspirates (NPA) and stool

sample collection with molecular testing, clinical evaluation and chest X-ray (CXR) interpre-

tation. We investigated their experiences and perceptions in delivering the diagnostic pack-

age components in 2020–21 using individual semi-structured interviews. We conducted

thematic analysis, supported by the Theoretical Framework of Acceptability. HCWs (n =

130, 55% female, median age 36 years, 53% nurses, 72% PHC-based) perceived that sys-

tematic screening, although increasing workload, was beneficial as it improved childhood
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tuberculosis awareness. Most HCWs shared satisfaction and confidence in performing

NPA, despite procedure duration, need to involve parents/colleagues and discomfort for

children. HCWs shared positive attitudes towards stool sample-collection but were frus-

trated by delayed stool collection associated with cultural practices, transport and distance

challenges. Molecular testing, conducted by nurses or laboratory technicians, was per-

ceived as providing quality results, contributing to diagnosis. Clinical evaluation and diagno-

sis raised self-efficacy issues and need for continuous training and clinical mentoring.

HCWs valued CXR, however complained that technical and logistical problems limited

access to digital reports. Referral from PHC to DH was experienced as burdensome. HCWs

at DH and PHC-levels perceived and experienced decentralized childhood tuberculosis

diagnosis as acceptable. Implementation however could be hampered by feasibility issues,

and calls for innovative referral mechanisms for patients, samples and CXR.

Introduction

Childhood tuberculosis is a major global public health problem. Of an estimated 1.2 million

children with tuberculosis in 2021, only around 58% were notified to the World Health Orga-

nization (WHO) [1]. This reporting gap is largely due to massive under-diagnosis that fuels

high mortality in children [2,3]. The diagnosis of tuberculosis in children is challenging due to

several individual, biomedical, and structural reasons: 1) despite being possibly severe, tuber-

culosis is often paucibacillary in children, hence poorly detected, even by recent molecular

tests [4,5], and respiratory samples for diagnosis are challenging to collect as young children

are unable to self-expectorate sputum thus require more complex sample collection methods

such as gastric aspirates [6]; 2) there is no point-of-care test for childhood tuberculosis to

tackle the microbiological diagnosis gap; 3) signs and symptoms used for clinical diagnosis of

tuberculosis have poor sensitivity and specificity in children, and good quality chest X-ray and

reliable reading is poorly accessible; 4) lastly, equipment and expertise needed for the diagnosis

of childhood tuberculosis is usually lacking at lower levels of health care where most children

access services [7].

WHO recently recommended decentralized models of care to deliver tuberculosis services

to children and adolescents with signs and symptoms of tuberculosis [8,9]. This recommenda-

tion was based on a systematic review of studies showing that strengthening both diagnostic

capacity at low levels of care, and linkage between communities and health facilities, had a pos-

itive impact on the notification of tuberculosis [10–13].

As per the definition proposed by Mills et.al, the decentralization of health services means

transferring the mandate and the capacity to diagnose tuberculosis from higher to lower levels

of health facilities [14]. A number of tuberculosis diagnostic tools and interventions, either

already recommended by WHO or being evaluated, are currently concentrated at tertiary care

levels but could be decentralized at district hospital (DH) and primary health center (PHC)

levels. Nasopharyngeal aspirates and stool samples could be suitable to peripheral health care

levels, as good alternatives to gastric aspirates that usually require hospitalization [15]. Portable

and battery-operated molecular testing devices (using Xpert MTB-RIF Ultra) are expanding at

DH-level in most countries and can be used routinely at PHC-level [8]. Access to quality chest

X-Ray and interpretation, one of the challenges at PHC-level and sometimes also at DH-level,

could be improved by the use of digital systems to ease the transfer of images for interpretation

by trained clinicians [16,17]. As HCWs at low level of health care may be overburdened, with

sometimes limited clinical skills and capacity for diagnosis, decentralized models of care
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require capacity-building and strengthening of clinical and treatment decision-making skills,

which can be achieved by training, clinical mentoring and support supervision [18].

WHO called for more data on the feasibility and acceptability of decentralized models of

care in order to guide implementers and decision-makers [9]. Acceptability is a key implemen-

tation outcome, capturing the perceptions among specific stakeholders of whether and how a

given service or practice is agreeable or satisfactory [19–21]. Evaluating acceptability provides

insights as to barriers and facilitators of different services and interventions, which can be use-

ful for implementers and decision makers. For instance, in South Africa, acceptability findings

on a tuberculosis literacy and counselling intervention provided insight for designing a task

shifting model for patient-centered interventions aimed at improving retention within the cas-

cade of tuberculosis care [22]. A multicenter study exploring the acceptability of a novel fixed-

dose combination anti-tuberculosis drug reported on the good acceptance of this combination

drug, but highlighted administration challenges, underlying the need to include structured ini-

tial and ongoing education and adherence support to caregivers, in future scale-up plans [23].

In the field of the diagnosis of childhood tuberculosis, many implementation questions

remain unanswered. How do PHC-based nurses or clinicians engage in nasopharyngeal aspi-

ration and stool sample collection, or in chest X-ray reading and clinical diagnosis? Do percep-

tions of HCWs differ whether they are based at DH or PHC levels, in one country or the other,

and how does context influence their acceptability of new services? In order to support the

implementation of decentralized childhood tuberculosis services, we sought to assess the

acceptability of decentralizing a comprehensive childhood tuberculosis diagnosis package

among HCWs at low levels of care.

Materials and methods

Study design and setting

As part of the TB-Speed Decentralization study, we conducted a multi-country and mixed

methods, pre/post implementation research study. We report here on the post-intervention

qualitative assessment.

The TB Speed Decentralization study aimed at assessing the impact on tuberculosis case

detection of decentralizing a comprehensive childhood tuberculosis diagnosis package at DH

and PHC-levels in countries with high tuberculosis incidence [24]. In Uganda and Mozam-

bique, tuberculosis diagnosis services were partly decentralized at DH and even at PHC-level;

this consisted mainly in smear microscopy performed on expectorated sputum for microbio-

logical diagnosis and did not include NPA and stool sample collection and sample testing

using Xpert Ultra. It was a before-after study, conducted between October 2019 and August

2022, in two rural or semi-urban health districts of six countries, namely Cambodia, Camer-

oon, Côte d’Ivoire, Mozambique, Sierra Leone and Uganda, including 59 health facilities (12

DHs and 47 PHCs). Prior to the start of the TB-Speed decentralization study, we conducted a

baseline assessment survey in the six study countries to select districts and health facilities. Of

the 179 PHCs surveyed in 32 districts from 5 countries (Cambodia, Cameroon, Cote d’Ivoire,

Mozambique and Uganda), 75% of PHCs had specific staff members for TB management and

only 30% were trained for pediatric TB. Although around 70% of PHCs collected microbiolog-

ical sample on site, only 7% of them collected samples from children. Around 46% of PHCs

had onsite laboratory with 3.3% having X-pert MTB/RIF in the laboratory. From this survey,

districts for the study were selected with National TB Programs (NTPs) with the following cri-

teria: 1) rural or semi-urban, 2) one DH and 4 PHC at least that could participate in the study;

3) have functional X-ray services or capacity to perform X-ray at DH; 4) minimum human

resource of a clinician, a nurse and a laboratory technician at PHC level; 5) not receiving
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support from NGOs or other institutions except if in line with NTP guidelines; this selection

also took in consideration the tuberculosis case notification and population size of districts.

Overall 12 DHs and 47 PHCs were selected including, 34% that were tuberculosis diagnosis

and treatment units. Two levels of decentralization were implemented in each country, i.e. a

DH-focused and a PHC-focused strategy, based on the hypothesis that decentralizing tubercu-

losis diagnosis down to the PHC level would improve access but could face additional feasibil-

ity challenges compared to DH, related to staff availability and capacity. The study was

therefore designed to formally assess and compare the effect on tuberculosis case detection

and implementation challenges of the two proposed strategies. In DH-focused districts, the

DH and 4 PHCs conducted systematic symptom-based screening for tuberculosis among chil-

dren, using simple questions asked either at triage and/or in consultation rooms. Children

identified as presumptive tuberculosis at PHC-level were referred to DH (parents did not

receive transport reimbursement) for Xpert MTB-RIF Ultra (Ultra) testing on nasopharyngeal

aspirate, stool and/or expectorated sputum samples, as well as strengthened clinical evaluation,

digital chest X-Ray with a simplified reading approach, and final diagnosis of tuberculosis.

Details of the activities conducted by HCWs are presented in Table 1. In PHC-focused dis-

tricts, the DH and 4 PHCs were equipped to implement the comprehensive childhood tuber-

culosis diagnosis package; only chest X-Ray was done at DH-level for all children seen at DH

and in those that were still symptomatic after a week at PHC (parents received transport reim-

bursement); images were made available to clinicians in PHCs. Interventions were imple-

mented based on an international and country specific implementation guides with local

adaptations.

Study population

A purposive sample of 1 to 5 HCWs from each participating health facility was recruited for

interview. HCWs were selected considering the total staff number in each facility, and based

on their experience in delivering components of the childhood TB diagnosis package within

their health facility (screening, clinical evaluation, sample collection, sample testing, perform-

ing or reading chest X-Ray). Participants targeted were medical doctors, nurses, clinicians/

paramedics, radiographers, laboratory technicians, and community health workers. SSRAs

were advised to recruit additional staff if they believed it would provide interesting insight and

additional quality data (i.e. purposively recruiting laboratory technicians or radiographers in

the facilities that had such staff).

Data collection

Trained Social science research assistants (SSRAs) in each country liaised with the health facility

in-charge or manager, to contact eligible HCWs and sought their written informed consent.

Sociodemographic information was collected from all participating HCWs. Interviews were con-

ducted face to face or by phone (when transport to site was impossible due to COVID-19 restric-

tions) and were recorded if respondents permitted. Interviews were conducted using a semi-

structured guide exploring perceptions and experience of HCWs in implementing each compo-

nent of the comprehensive childhood tuberculosis diagnosis package in their health facility (S1

File). We piloted the interview guide in one country (Sierra Leone), during two interviews, and

discussed the process within the multi-country team of SSRAs before finalizing a standard ver-

sion of the guide, to be used in all six countries. Interview audios, transcripts and translated tran-

scripts (if the interview was conducted in a language other than English) were uploaded on a

secured FTPS server at University of Bordeaux, France. Interviews were completed in a single ses-

sion, though they were sometimes interrupted by patients or other HCWs requiring the
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respondent’s input. The duration of interviews usually ranged between 1 hour and 1 hour and 30

minutes. Study forms and codes were protected and only handled by study researchers. Multi-

country data collection coordination meetings were conducted between SSRAs, the implementa-

tion research coordinator and the implementation research investigator after the first two inter-

views in each country, and on a regular basis to maximize the quality of interviews conducted.

Ethical aspects

This study is part of clinical study C18-25 sponsored by Inserm (Institut National de la Santé

et de la Recherche Médicale, Paris, France). It was granted approval by the Inserm Institutional

Review Board (IRB00003888) and WHO ethics advisory board at international level and each

country ethics committees and registered in a public study registry (NCT04038632). All study

participants gave their informed, written consent to participation, in line with ethical guide-

lines. Study protocol and tools were approved by Inserm Institutional Review Board and

WHO ethics advisory board at international level and each country ethics committees.

Table 1. Comprehensive childhood tuberculosis diagnosis package. TB-Speed Decentralization study (2018–22).

Diagnosis

component

Target population Person in charge Location Detail of activity DH-

focused

strategy

PHC-

focused

strategy

DH PHC DH PHC

Systematic Screening All sick children

attending the health

facilities

Screener (trained lay health care),

Nurse, Nurse assistant

Triage or

consultation room

Screening questions:

1. Cough > 2 weeks

2. Fever > 2 weeks

3. Documented/reported weight

loss

4. Contact with a person with

tuberculosis and any cough

Facility or study specific

screening registers

X X X X

NPA sample

collection

Children with

presumptive

tuberculosis

Nurse, Nurse assistant, Midwife Sample collection

room or

consultation room

Microbiological samples:

nasopharyngeal aspirate,

expectorated sputum (if stool is

not available)

X X X

Stool sample

collection

Children with

presumptive

tuberculosis

Nurse, Nurse assistant, Midwife Sample collection

room or

consultation room

Stool sampling (directly from

the child or with the help of

parents on the day or later)

X X X

Microbiological

testing using Xpert

Ultra

Children with

presumptive

tuberculosis

Laboratory technician (DH)

Nurses/midwives or laboratory

technician (PHC)

Laboratory, NPA

collection room (in

some PHCs)

Xpert MTB/RIF Ultra on:

• Battery-operated G1 Edge

(PHC)

• Standard GeneXpert (DH)

X X X

Clinical evaluation Children with

presumptive

tuberculosis

Clinician, nurse, medical doctor Consultation room Standardized medical charts

with symptoms and signs of

tuberculosis.

In Uganda NTP algorithm for

the diagnosis of tuberculosis

X X X

Optimized chest

X-Ray

All children with

presumptive

tuberculosis (DH)

Still symptomatic at

Day 7 (PHC)

Radiographer (Performs CXR),

Team (Medical doctor, clinician,

Nurse) led by Medical doctor

(Interpret CXR report)

Radiology

department,

consultation room

Digital chest X-Ray & simplified

reading

1. Enlarged lymph nodes

2. Alveolar opacity

3. Airways compression

4. Miliary

5. Cavitation

Pleural or pericardial effusion

X X

DH: District Hospital, PHC: Primary Health Clinic.

https://doi.org/10.1371/journal.pgph.0001525.t001
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Data analysis

We conducted thematic analysis of the interviews. Deductive coding was conducted using a

codebook derived from a) the interview guide topics–including each key component of the

comprehensive childhood tuberculosis diagnosis package; and b) the Sekhon et al. Theoretical

Framework of Acceptability [20]–this framework proposes seven key acceptability domains:

affective attitude, burden, ethicality, intervention coherence, perceived effectiveness, opportu-

nity costs and self-efficacy. Data were coded within the NVivo Release qualitative data man-

agement software, QSR International Private Ltd. Version 1.5, 2021. Multi-country intercoder

reliability was maximized by SSRAs coding the same three transcripts and reviewing together

the coded data. Findings were grouped into the deductive overarching thematic categories (a

bi-dimensional matrix comprising the acceptability domains and the different tuberculosis

diagnosis components), and summarized. Summaries were discussed with the country Princi-

pal Investigators, Program Managers and the International study coordinating investigators

for their feedback and validation. During the interpretation process, findings were further cat-

egorized according to the levels of the Socio-Ecological Model [25,26].

Results

Individual interviews were conducted with 130 HCWs between June and August 2021. The

median age of respondents was 36 years (IQR; 31, 41) and 71 (55%) were female (Table 2).

HCWs were mostly from PHCs (72%). Globally, more than half of the HCWs interviewed

were nurses (ranging from 31% in Uganda to 87% in Côte d’Ivoire) followed by clinical offi-

cers/medical assistants (18%) and medical doctors (10%). The highest number of medical doc-

tors interviewed were from Cameroon (21%) and none of the medical doctors were from

Sierra Leone. Most HCWs reported having conducted systematic screening for tuberculosis

(77%), and half experienced conducting clinical evaluation.

We describe below acceptability findings per component of the comprehensive childhood

tuberculosis diagnosis package. Table 3 presents emblematic quotes, organized according to

the different acceptability domains proposed by the Sekhon framework.

Systematic screening

Almost all HCWs perceived systematic screening as a positive intervention contributing to

improve awareness of childhood tuberculosis among HCWs and parents in health facilities.

“It comes to arouse our attention to what is the screening of tuberculosis in children because
this has been an Achille’s heel for us. The nature of pediatric tuberculosis itself is very difficult
to diagnose

(Mozambique, DH, Nurse).

HCWs appreciated that systematic screening allowed them to be proactive about finding

children with presumptive tuberculosis.

“Well, it must be said that systematic screening has made it possible to identify cases because
before, for example, we had to wait for a subject who necessarily presented us with a cough,
but with the screening of tuberculosis we saw that the other entry points, the other signs and
symptoms that could also be used, and in particular weight loss in children

(Côte d’Ivoire, DH, Doctor)
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Although the majority of HCWs were confident in performing systematic screening, some

reported facing poor understanding, and sometimes reluctance from parents or accompanying

persons (older children or grandparents) when responding to screening questions on weight

loss, contact history, or days with fever. HCWs, especially those working at PHCs, found

screening documentation burdensome in the context of busy schedules and competing priori-

ties with insufficient staff.

“The documents we fill out are too much. You do the screening and documents to fill out are
many, so I find it difficult to remember, another staff fills them out. If we are two staff, we do
it a whole morning. (. . .) Two staffs who explain and fill out many documents. It is not useless,
but it is just waste of the time”.

(Cambodia, DH-focused district, PHC, Nurse)

Table 2. Sociodemographic information of HCWs interviewed, TB-Speed Decentralization study, 2021.

Variables Cambodia

(N = 20)

n (%)

Cameroon

(N = 24)

n (%)

Côte d’Ivoire

(N = 16)

n (%)

Mozambique

(N = 19)

N (%)

Sierra Leone

(N = 22)

n (%)

Uganda

(N = 29)

n (%)

Total

(N = 130)

n (%)

Gender

Male 10 (50) 10 (42) 14 (88) 5 (26) 6 (27) 14 (48) 59 (45)

Female 10 (50) 14 (58) 2 (12) 14 (74) 16 (73) 15 (52) 71 (55)

Age (Years)- Median (IQR) 33 (29–43) 33 (30–41) 37 (34–43) 33 (28–38) 37 (32–42) 37 (33–40) 36 (31–41)

Type of decentralization

DH-focused 10 (50) 13 (54) 9 (56) 10 (53) 12 (55) 14 (48) 68 (52)

PHC-focused 10 (50) 11 (46) 7 (44) 9 (47) 10 (45) 15 (52) 62 (48)

Type of health facility

District hospital 7 (35) 6 (25) 3 (19) 5 (26) 6 (27) 10 (34) 37 (28)

Primary Health Clinic 13 (65) 18 (75) 13 (81) 14 (74) 16 (73) 19 (66) 93 (72)

Position

Medical doctor 3 (15) 5 (21) 2 (13) 1 (6) 0 (0) 2 (7) 13 (10)

Clinician/Paramedics 0 (0) 0 (0) 0 (0) 9 (47) 9 (41) 5 (17) 23 (18)

Nurse/Nursing assistant 8 (40) 19 (79) 14 (87) 9 (47) 10 (45) 9 (31) 69 (53)

Midwife 6 (30) 0 (0) 0 (0) 0 (0) 1 (5) 0 (0) 7 (5)

Laboratory technologist 1 (5) 0 (0) 0 (0) 0 (0) 2 (9) 6 (21) 9 (6)

Radiographer 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (7) 2 (2)

Screener 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 5 (17) 5 (4)

Other 2 (10) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (2)

Experience in the health facility

< 1 year 0 (0) 2 (8) 4 (25) 0 (0) 0 (0) 2 (7) 8 (6)

1 to 5 years 8 (40) 15 (63) 5 (31) 8 (42) 16 (73) 20 (69) 72 (55)

5 to 10 years 6 (30) 2 (8) 4 (25) 6 (32) 4 (18) 0 (0) 22 (17)

> 10 years 6 (30) 5 (21) 3 (19) 5 (26) 2 (9) 7 (24) 28 (22)

Involvement in intervention component

Systematic screening 14 (70) 22 (92) 16 (100) 12 (63) 20 (91) 16 (55) 100 (77)

Nasopharyngeal aspiration 9 (45) 13 (54) 9 (56) 5 (26) 11 (50) 11 (38) 58 (45)

Stool sample collection 11 (55) 15 (63) 6 (38) 5 (26) 12 (55) 7 (24) 56 (43)

Microbiological testing (Xpert MTB-RIF Ultra) 8 (40) 5 (21) 8 (50) 10 (53) 7 (32) 8 (28) 46 (35)

Chest X-Ray 12 (60) 5 (21) 8 (50) 10 (53) 5 (23) 14 (48) 54 (42)

Clinical evaluation 7 (35) 10 (42) 4 (25) 15 (79) 21 (95) 12 (41) 69 (53)

https://doi.org/10.1371/journal.pgph.0001525.t002
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Table 3. Acceptability of decentralizing a comprehensive childhood tuberculosis diagnosis package in six low-income and high burden countries (2017–2022).

Quotes organised according to the Sekhon Theoretical Framework of Acceptability.

Acceptability

domain

Diagnosis component Illustrative quotes

Affective attitude Screening “The feelings? Well, they are feelings of joy, it (screening) helped us and we really took it with joy because (. . .) if this
project was not there, we were really going to let children go, perhaps we were going to treat them for other pathologies
whereas it was tuberculosis that was tiring them” (Côte d’Ivoire, PHC-focused district, PHC, Nurse).

Referral “Most of the parents that have gone through the procedure appreciate it, and now they are the ones telling another
parent who cries when referred to the government hospital that ‘look at my baby now he is very healthy, and you are not
going to be admitted at the hospital, so please listen to (name of health worker), and the man that they will send you to
will not delay you as it uses to be, and that man will do it faster for the children” (Sierra Leone, DH-focused district,
PHC, Clinical Officer).
“But we as health professionals at some point we are obligated to insist but not in a rude way. Make them understand
that we are referring because we lack some resources and that there because it is a bigger hospital, they will get better”.

(Mozambique, DH focused district, PHC, Nurse).
Perceived-

effectiveness

Screening “I’m telling the truth, it’s true that at our level we couldn’t imagine that little children could have tuberculosis. To think
that a child with a cough could have TB. . . With the project, we knew that even children could suffer from it, so when
(during screening) we met a child who met the criteria, it required a referral for a probable search for TB” (Cameroon,

DH-focused district, PHC, Nurse)
Nasopharyngeal

aspiration

“It was difficult to diagnose, for example, the children who could not manage to give sputum, it (nasopharyngeal
aspiration) helped a lot. I may not be able to explain it in my own words, but overall it is helping, it is improving, it is
making the health center grow.” (Mozambique, PHC-focused district, PHC, General medical technician)
“Yes, it (nasopharyngeal aspiration) contributes to identify tuberculosis in children, it does help a lot. Because we
aspirate the sample from a child and test for tuberculosis. If the child is positive then we can provide the treatment.”
(Cambodia, PHC focused district, PHC, Midwife)

Chest X-Ray So chest X-Ray has reduced the mortality rate first of all, improved the health of these children and improved the
perception among mothers, that tuberculosis is there and it can be with their children regardless of the parent being with
tuberculosis (or not). Because they don’t know the contacts where they got it from but you find them when they are
positive, they get treatment and they become fine.” (Uganda, DH, Nurse).
“Yes, the X-ray helped because there were some children who could not find the germ in the stool or in the
nasopharyngeal aspiration but it was the X-ray that showed their positivity.” (Cameroon, DH, Nurse)

Burden Nasopharyngeal

aspiration

“For NPA, I’ve already done it once and I can say that it’s an unpleasant thing, honestly. It’s unpleasant to have to hold
a child, send the tubes through the nostrils and do it in front of the mother (. . .) I just felt pity for the child but I had to
do the exam, I had to remain professional and it was also for his sake.” (Cameroon, PHC-focused district, PHC, Nurse)

Referral "When we have to refer them to the general hospital. Some parents, when you explain to them, well they say (. . .) my
husband is not here so they can’t go.” (Côte d’Ivoire, DH-focused district, PHC, Nursing assistant)
“There are (some) who are referred but are not able to reach the central health facility. Because they do not have the
amount (of money) to be able to catch public transport. There are health units that are really very far from the central
health facility. The inhabitants here are people who are very disadvantaged.” (Mozambique, DH, Nurse).

Self-efficacy Xpert MTB-RIF Ultra “I never do it as I am afraid of breaking the machine (G1 Edge). They told me to see and follow the steps but I am still
afraid to spoiling the machine. I don’t dare to do it.” (Cambodia, PHC-focused district, PHC, Midwife)

Chest X-Ray “So, there’s training that we’ve received and with the clinical mentorship we’ve really been able to improve, because I
myself feel that, I’m a little more comfortable reading a pediatric X-ray now than I was a while ago.” (Cameroon, DH,

General Practitioner).
Clinical evaluation “I feel more confident. I give it much time. After the training, I got more knowledge to go much deeper while evaluating

presumptive children to find out whether the child is having TB or not.” (Uganda, DH-focused district, PHC, clinical
officer)

Ethicality Nasopharyngeal

aspiration

“It (nasopharyngeal aspiration) is less invasive, (compared to) the gastric aspirate that we used to get before. Because
personally I used to use the gastric to collect samples for tuberculosis detection in children.” (Uganda, DH, General
Practitioner).
“Apart from the fact that sometimes after taking a sample from the first nostril, the child starts to manifest or he feels
uncomfortable, and at times we have to stop. These are the only difficulties we have encountered.” (Cameroon, PHC-
focused district, PHC, Nurse)
“So far no. Nobody has refused. (. . .) now it is a study, but in the ward, it wouldn’t be a bad thing if there was another
nurse who could learn how to do it. Because people see it as a very particular technique that is very special”.

(Mozambique, DH, Clinician)

(Continued)
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Nasopharyngeal aspirate collection

Nasopharyngeal aspiration was perceived as an easy and innovative point-of-care respiratory

sample collection method in children unable to expectorate sputum. HCWs found that naso-

pharyngeal aspiration was less invasive than other procedures.

“It (nasopharyngeal aspiration) has helped in the sense that there are some children who can-
not produce the sputum and you can only go through that method. Before I know they used to
do the gastric tube and I think that’s more painful than the nasopharyngeal aspiration”

(Cameroon, DH, Nurse)

Most HCWs, even at DH-level, did not have prior experience of nasopharyngeal aspiration.

Some faced challenges with the procedure (collecting bloody samples for example), especially

during initial days. But HCWs felt that training and practicum session had contributed to

increase their skills and overall shared their satisfaction and confidence in performing naso-

pharyngeal aspiration.

“Like for me, previously I told you that I was afraid to collect the NPA (nasopharyngeal aspi-
rate) doing it through the nostril, you know, nostril. Fortunately for me, (name of country
project manager) was here and I had two kids in front of them (project team), and I did one
while they also did the other one. I learned from them”

(Sierra Leone, PHC-focused district, PHC, Community Health Officer)

Some HCWs shared concern about their lack of practice of nasopharyngeal aspiration dur-

ing the COVID-19 pandemic and the related interruption in health services.

HCWs perceived that performing nasopharyngeal aspiration required some effort, associ-

ated with the duration of the procedure, the need to involve parents/colleagues (for restraining

the baby/child during the procedure), managing discomfort caused to children, or preventing

bloody samples.

“But then the challenge is when the child is fighting, you have to get more than three people to
assist you, whereby they need also the gadgets (i.e. equipment). Because there those ones of 8
years, 9 years, 10 years, they are powerful even when they are sick so you have to get people to
assist you on performing that nasopharyngeal aspiration.”

(Uganda, DH, Nurse).

Table 3. (Continued)

Acceptability

domain

Diagnosis component Illustrative quotes

Intervention

coherence

Nasopharyngeal

aspiration

“So, you have to convince the parent first before doing the nasopharyngeal aspiration, and also always measure the
saturation before, the parameters, it’s important to do it before the aspiration. Because if you do a sample and then
there are problems and they ask you what the patient’s parameters were and you can’t give them, it means that you
yourself have contributed to this child going down.” (Cameroon, DH, Nurse)

Chest X-Ray “Because now even if someone is having a negative result, and we look at the x-ray, we can still know that this is
tuberculosis or not. Especially those whom we give antibiotics and they still fail and they come we repeat a chest X-ray
and we find some opacities in the lungs then we treat them clinically for tuberculosis.” (Uganda, DH, Nurse)

Opportunity cost Screening “The children who have fallen under the process I still follow them up to the village. I ride to their homes, I inspect the
children then if I see it is required for that very person, that child to be brought back.” (Uganda, DH-focused district,
PHC, Screener).

https://doi.org/10.1371/journal.pgph.0001525.t003
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However, almost all HCWs, whether from DHs or PHCs, perceived nasopharyngeal aspira-

tion as quick and efficient, contributing to diagnosis and treatment of tuberculosis.

“It’s (nasopharyngeal aspiration) quick and you don’t have to handle it like we often do with
sputum and stuff. . . It’s quick and they give you the results right away and if the child is sick,
they put them on medication directly. We appreciated that”

(Cameroon, PHC-focused district, PHC, General Practitioner).

Stool sample collection

HCWs had positive attitudes towards stool sample collection. They perceived it as effective,

with instances of positive tuberculosis results found on stool samples, whereas testing on naso-

pharyngeal aspirate had been negative. They acknowledged however that stool collection is

mostly beyond their personal control as HCWs, and even that of parents, as children cannot

produce stools on demand. They reported frustration towards parents delaying collection due

to cultural practices, impossibility or unaffordability to travel long distances, or because of

other priorities.

“In our rural context, there are certain habits that can explain delays in getting stool samples;
it is common practice for our mothers to give “evacuating enemas” to children. So, when the
child arrives at the clinic he has already finished evacuating stools for the day. You have to
wait until the next day and hope to be able to collect stool. Why are they doing this?”

(Côte d’Ivoire, DH, doctor)

Some HCWs underlined improper handling of stool samples and containers by parents,

which was perceived as impairing sample processing at DH laboratory.

“They (parents) did not much pay attention, often they took it full container, dirty and bad
smell like that.”

(Cambodia, DH, Pediatric doctor)

Microbiological testing of samples with Xpert Ultra

Ultra was perceived by all HCWs as a high quality and effective test to improve diagnosis

(including identification of rifampicin resistance) and increase early childhood TB diagnosis.

“What I can say is that Xpert is a method (. . .) that is helping a lot because it already gives us
a lot of assurance for us to know that in fact it is negative, we are sure it is. If it’s positive, it’s
positive. The sensitivity that the Xpert Ultra has is something really good. It’s something good
because it showed us that, for example, for the stools that we had are positive. It showed us
that it is possible to detect the bacillus in an easier way and with other types of samples besides
the expectoration and nasopharyngeal aspirates”

(Mozambique, DH, General Medical Technician)

The availability of childhood tuberculosis diagnosis through Ultra was reported as increas-

ing the trust of parents towards HCWs and the quality of services provided at low levels of

care.
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“The advantage is that children don’t need to go to referral hospital. We can do it (Xpert) at
the health facility. So, it promotes our health facility services. People are appreciating our ser-
vice here, that we can provide many services. If they cannot seek services they want, our health
facility will not be well spoken of, and we will have low service.

(Cambodia, PHC-focused district, PHC, Midwife)

HCWs operating in the laboratories were sometimes reluctant to process stool samples

(at DH-level) or to test poor quality nasopharyngeal aspirates (especially at PHC-level).

When receiving large numbers of samples, or because of power cuts, they were faced with

increased turnaround time, especially in PHCs equipped with one module Ultra

machines.

“The turnaround time is long because this machine runs about four samples a day, yet you
find we have about fifteen samples to process in one day. In fact, it sometimes forces us to use
ZN [Ziehl-Neelsen stain method for smear microscopy] instead of the GeneXpert machine for
the sake of ensuring that other patients get their results in time.”

(Uganda, PHC-focused district, PHC, Laboratory technician)

Referral of children and samples

Most HCWs working at PHCs of DH-focused districts shared frustration with parents either

refusing referral, fearing referral (associated in their minds with the severity of a disease) or

being unable to reach DH due to distance and transportation challenges, or other priorities of

their daily life/work.

“Those who come they appreciated the (health) system (. . .) but the only problem if we ask
them to go for further management, they raise a problem. They say that for me we don’t have
money, we have other children to look after so if I go there who will look after these young
ones so, now I don’t have anybody, they bring excuses.”

(Uganda, DH-focused district, PHC, Nurse).

This was particularly exacerbated during the COVID-19 pandemic, as parents did not easily

go to DH due to fear of COVID-19 (most DHs being COVID management centres) and

inability to travel in periods of lockdown.

Referral to DH was experienced as burdensome for HCWs at PHC-levels, especially

when the child was accompanied by grand-parents/siblings (consent for referral could not

be obtained). HCWs explained that parents required intensive referral counselling and

sometimes needed to be escorted to DH to ensure proper onwards management of their

child.

“Referral requires a lot of tact and time, and you have to flatter the patient so that he can go
to DH. So, screening is easier than referral”

(Cameroon, DH-focused district, PHC, Nurse)

“At the general hospital there are crowds of people, so always we have them (parents) accom-
panied by one of our collaborators (colleague at PHC), to be able to locate them. Otherwise
when you tell them to go there themselves, they will go and sit in the hospital forever. (. . .)
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There are even difficulties, but I always take one of my collaborators, parents have to be
supported”

(Côte d’Ivoire, PHC-focused district, PHC, Nurse)

In response to these challenges, some PHC-based HCWs explained that they sometimes

ended up not referring parents to the DH at all.

HCWs from PHCs in the DH-focused districts also reported challenges in sending collected

stool samples to DH. In Uganda, HCWs reported adapting to those barriers by referring both

samples and patients to DH at the same time (parents being directly in charge of sample trans-

port). Delays in receiving test results from DH for referred children, poor communication

with HCWs at DH, and with parents of referred children, were some of the challenges experi-

enced post-referral by HCWs of PHCs.

Clinical evaluation

HCWs shared positive attitudes towards clinical evaluation as a key step for diagnosing tuber-

culosis in a child. Clinical evaluation was perceived as complementary to laboratory and radio-

logical tests, with each of these diagnostic “tools” playing a different role and being more or

less prominent according to individual situations. Some HCWs reported conducting more

thorough clinical evaluation in search of tuberculosis, following a “gut feeling” that microbio-

logical testing had failed to detect tuberculosis.

“Yes, I think it really helps because the evidence is that we had one case where we didn’t have
a positive result with nasopharyngeal aspiration and with stool, but it was because of the clini-
cal evaluation that we were able to explain that to our doctor, to the point where we sent the
child to do the x-ray and it came back positive”

(Cameroon, PHC-focused district, PHC, Nurse)

HCWs reported collaborative discussions around the evaluation of children. Some HCWs

from PHC level reported increased confidence in their clinical evaluation skills, following the

decentralization of services and associated training and mentoring, being able to anticipate on

a confirmatory final diagnosis from DH-level clinicians, regarding the children they referred.

“Yes, I’m comforted by the fact that there are cases that have been sent to the district hospital
with a high degree of certainty that they will be positive cases, based on clinical assessment.
Because we investigate much more thoroughly and we know that the person is sick”

(Cameroon, DH-focused district, PHC, General Practitioner)

Chest X-Ray

The majority of HCWs valued chest X-Ray due to its contribution to the diagnosis of tubercu-

losis in children and improvement in their health status. They reported trusting chest X-Ray

for decision-making and final diagnosis.

“And because, you don’t go into details because you are not a medical person, but we use the
chest X-Ray to be our last resource to have our final diagnosis for the presumptive cases, so
with that result now, when that result is out, it gives us the final diagnosis.”

(Sierra Leone, DH, Nurse).

PLOS GLOBAL PUBLIC HEALTH Acceptability of decentralizing childhood tuberculosis diagnosis

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001525 October 11, 2023 12 / 24

https://doi.org/10.1371/journal.pgph.0001525


For many HCWs, using chest X-Ray was a new clinical practice, and reading images was a

new skill. HCWs appreciated the training, support and mentorship in increasing confidence

and self-efficacy in performing and reading chest X-Rays.

“After getting training on how to read chest X-Ray films, we thought it was a miracle. The
first chest X-Ray result I read was negative. I am the one who read it and when the team from
TB speed came for supervision, they said it was true and I was very happy. I have got some
experience in reading chest X-Ray films although there are some challenges associated with
it.”

(Uganda, PHC-focused district, PHC, Nurse).

However, HCWs from PHCs reported insufficient exposure in reading chest X-Rays as

compared to DH-based HCWs. Some reported lack of feedback from DH about the child they

referred for chest X-Ray, which resulted in lack of confidence and demotivation to refer chil-

dren for chest X-Ray.

“If we do it (CXR interpretation) more and more, I think, it is possible. We are skillful. But we
do one and long time later do another one, I got some confusing. Yes, any work we do as rou-
tine, we know it well. But we do one, and a long time later we do another one, I get confused.”

(Cambodia, PHC-focused district, PHC, Midwife)

Referral to DH for chest X-Ray was perceived as challenging, despite of travel fees reim-

bursement provided to parents referred for chest X-Ray. Yet some HCWs perceived that estab-

lishing chest X-Ray at PHCs might not be adequate either.

“Chest X-Ray can be done at the district hospital, so that the children we refer to the district
hospital are able to access the service from that side (. . .). Because we receive few clients and it
may not be cost effective to have the chest X-Ray machine at this facility”.

(Uganda, DH-focused district, PHC, Clinical Officer).

Discussion

In this multi-country qualitative study, HCWs shared overall positive perceptions of decentral-

izing a comprehensive childhood tuberculosis diagnosis package, appreciating their increased

knowledge and skills, valuing each diagnostic tool and its contribution to improving diagnosis.

This confirms the pre-intervention findings on the a priori acceptability of decentralized diag-

nosis of childhood tuberculosis among HCWs [27]. However, the experience of HCWs shared

during individual interviews was more nuanced, with challenges reported, feelings of frustra-

tion and of being faced with many external barriers in implementing childhood tuberculosis

diagnosis at low levels of care. Our study results show that the overall acceptability of decen-

tralizing childhood tuberculosis diagnosis is influenced by individual, health system and struc-

tural factors (Table 4).

At an individual level, the acceptability of the comprehensive childhood tuberculosis diag-

nosis package was driven by both emotional and rational/cognitive reasons. HCWs in all coun-

tries and all facilities shared feelings of hope that this comprehensive diagnosis package was

effective and improving the detection of tuberculosis. Decentralizing the diagnosis of tubercu-

losis was perceived as ethical as services were brought closer to people, which meant increased
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coverage of services among children in need. HCWs were enthusiastic about the nasopharyn-

geal aspiration procedure: though causing discomfort and pain to children, it was perceived as

less invasive than other sample collection methods for children, as reported elsewhere

[15,28,29]. Nasopharyngeal aspiration has been shown to be highly feasible in these decentral-

ized contexts [30]. Most HCWs understood that even technical gestures could be performed at

low levels of care and felt empowered to diagnose children. The importance of empowerment

showed also in the fact that the acceptability of systematic screening seemed higher among

HCWs who were responsible for further pursuing the diagnosis process, i.e. in PHCs of PHC-

focused districts, and lesser when required to refer children for further tests, i.e. PHCs of DH-

focused districts.

HCWs appreciated the innovative and technical aspect of nasopharyngeal aspiration, feel-

ing privileged to be able to provide such level of care; together with the presence of Ultra in

their facilities, nasopharyngeal aspiration was seen as contributing to promote their facility

and the quality of services offered. Support supervision, clinical mentoring, and problem solv-

ing from experts were reported as contributing to HCWs confidence and self-efficacy in adopt-

ing these new diagnosis services, and overcoming initial challenges. Investments in supportive

systems for HCWs will be key to the successful implementation of diagnosis of tuberculosis at

decentralized levels of care [31].

Finally, HCWs shared overall positive perceptions and experience of microbiological test-

ing, which seemed to be related to them being able to observe some children being diagnosed

for tuberculosis based on Ultra results. Acceptability of an intervention is indeed often related

to its direct tangible positive consequences: in an international survey conducted in 2017

among more than 700 clinical or laboratory experts, acceptance of novel diagnostic tests highly

depended on test accuracy [32]. Yet, within the TB-Speed Decentralization study, microbio-

logical yield was low [24].

At facility or health system level, acceptability of providing diagnosis services at low levels

of health care was challenged by perceived workload. The burden of systematic screening due

Table 4. Facilitators and barriers to the acceptability of decentralizing a comprehensive childhood tuberculosis diagnosis package (2017–2022).

Facilitators Barriers

Individual-level • Bringing services closer to people in need

• Self-efficacy in diagnosing tuberculosis

• Trusting the quality of sample collection procedures (NPA, stool

collection) and the tests (Xpert Ultra)

• Being pro-active in detecting tuberculosis

• Observing tangible results, positive tests, effectiveness

• Feeling proud to provide quality services

• Causing discomfort to children during the nasopharyngeal

aspiration procedure

• Lack of exposure to some new diagnostic tools and

confidence

• Not being able to solve referral related issues (transport

costs for patients)

Facility/health

system-level

• On the job training, support supervision, clinical mentoring

• Functioning sample transportation channels in some countries

• Lack of trained staff

• Lack of space

• Burden of routine and/or study documentation

Structural-level • No structural-level facilitators reported by HCWs interviewed • Lack of awareness within the community

• Care behaviors (minor or grand-parents accompanying

child)

• Cultural practices

• Stigma related to tuberculosis

• COVID-19-related disruption or interruption of services

• Transport and distance challenges

• Power cuts

https://doi.org/10.1371/journal.pgph.0001525.t004
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to lack of sufficient HCWs and additional reporting and documentation tasks was reported

almost unanimously among HCWs both at PHC and DH-levels. Shortage of staff in resource-

limited settings is a common challenge and is indeed associated with limited time and capacity

to deliver new services [33].

At a structural level, HCWs from PHCs shared frustration about not being able to collect

stool samples or refer children to DH due to parents underestimating the need for care. Lack

of community awareness about tuberculosis was reported as one of the factors related to delays

in care seeking for tuberculosis and diagnosis in a study conducted in Indonesia [34]. Many

HCWs further reported that stigma associated with tuberculosis and fear of COVID-19 may

have prevented parents from accurately reporting on symptoms among their children at

screening, as was shown recently in Ghana [35]. This was further challenged when children

were accompanied by grandparents or siblings, who were not always well-informed about the

child’s health status and did not have parental authority to allow further TB diagnosis proce-

dures. Transport, distance, and electricity supply were repeatedly mentioned as barriers to the

acceptability of decentralization, hampering referral of patients–including for chest X-Ray,

samples and test results between PHCs and DHs, in both directions. In this study distance

from PHCs to DH ranged between 4.5 km and 86 km. Distance and transportation barriers

are common challenges for tuberculosis programs in low- and middle-income countries

[36,37]. Novel stool testing procedures with minimum processing steps [38] could be estab-

lished at PHCs level and improve the acceptability, and feasibility, of decentralized childhood

TB diagnosis. Overall across the 6 countries, distances from PHCs to DH ranged between 4.5

km to 86 km. Although it is likely that the decentralization of services at PHC-level reduced

distance barriers for several patients, we were unable to formally compute the distance saved.

Finally, limited and unstable electricity coverage further constrained the acceptability and fea-

sibility of implementing chest X-Ray at DH. These findings highlight the complexity of the

process of decentralization, that goes beyond the acceptability of services, and beyond the

mere provision of services, with closer availability: decentralization of childhood tuberculosis

diagnosis also touches on the capacity of a whole economic system to support this approach,

and the capacity of end-users to take on the offer [39].

Our study has several limitations. First, our study sample was essentially pragmatic. We

were not able to include in our study population representatives of all key HCWs involved, in

each country, in decentralizing the comprehensive childhood tuberculosis diagnosis approach.

This was mainly the case among medical doctors and skilled clinicians, unavailable for study

participation due to high workload or being absent onsite during data collection. As a conse-

quence, we may have missed some specific insight from key actors. Due to multi-country,

multi-site, and multi-HCW profiles, we did not aim for data saturation in each specific setting

and population. Second, we used a standardized interview guide, and SSRAs, although trained,

may have been reluctant to explore in details some issues specific to their country. Third,

country-specific expressions and views may have been simplified or distorted during the trans-

lation to English process. Fourth, the cultural differences between countries, in the way SSRAs

conducted interviews and asked follow-up questions, and in the way HCWs expressed their

ideas, feelings and experiences, may have influenced the interpretation of findings. And finally,

the fact that we conducted a multi-country assessment of acceptability, highlighting common

features across countries and not formally comparing countries, may have led to some over-

simplification of findings, some being more relevant to certain settings than others and also

maybe missing on interesting differences. These are common challenges reported during

multi-country studies and analysis [40].

The multi-country design of our study also constitutes one of the major strengths of this

work. Indeed, it provides insight into the perceptions and experiences of HCWs working in
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different health care systems, different socioeconomic and cultural contexts, while representa-

tive of largely rural and poorly resources facilities in TB burden countries. Feasibility and

acceptability of introducing innovative technologies in such districts is therefore representative

of challenges that would be faced in most districts in project countries. Together with the large

sample size, implementation of interventions in different sites and with different cadres of

HCWs contributes to the generalizability of our study findings. Although this study was con-

ducted in different COVID-19 contexts, i.e. during and after COVID-19 measures, we cannot

rule out the fact that our findings may have been different in non-Covid times. For example,

certain barriers and challenges such as transport challenges due to COVID-19 restrictions

would not have been reported in non-COVID context and times. On the other hand, we may

hypothesize that most perceptions and experiences among HCWs of the childhood TB diagno-

sis package, such as the feeling of being able to improving diagnosis, or the burden of perceived

additional workload, would remain relevant regardless of COVID-19. Furthermore, we were

able to interview HCWs, from both PHC and DH levels, who were directly involved in deliver-

ing the different components (from screening to clinical evaluation) of the diagnosis package,

thus providing informed and first-hand feedback on their experience. Interviews were con-

ducted by SSRAs who were not directly involved in implementing the study interventions,

possibly facilitating free expression from HCWs, minimizing social desirability bias. Local

SSRAs would have been able to recognize and better probe the country specific problems dur-

ing interviews. We conducted multi-country analyses on the basis of first country-specific

analyses and then overall study analysis, as a group of multi-country social scientists, combin-

ing, comparing and contrasting viewpoints and interpretations, thus maximizing the validity

of findings. We used an existing and globally used framework of acceptability for analysis, thus

contributing to the comparability of our findings with other studies. Finally, our study pro-

vides original data on the acceptability of decentralizing a comprehensive childhood tubercu-

losis diagnosis package from the perspective of frontline HCWs, and in a context of paucity of

implementation data on how to implement childhood TB diagnosis approaches in the field.

Conclusion

In this multi-country qualitative study, HCWs at DH and PHC-levels perceived and experienced

decentralized childhood tuberculosis diagnosis as acceptable. Among others, they understood

its purpose, it fit with their personal and professional values, and they were overall very moti-

vated to provide what they perceived as improved quality of care. Acceptability however seemed

to be hampered by several operational and feasibility issues, resulting in feelings of frustration or

burden sometimes. Innovative referral mechanisms for patients, samples and chest X- could

improve the acceptability of decentralized interventions for diagnosing childhood tuberculosis.

Supporting information

S1 File. Individual interview guide for Health care workers, TB-Speed Decentralization

study(2018–22).

(DOCX)
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Medicine, UK), DELACOURT Christophe (Hôpital Necker-Enfants Malades, France), GRA-

HAM Steve (Chair; University of Melbourne, Melbourne, Australia), GRZEMSKA Malgorzata

and VERKUIJL Sabine (WHO, Switzerland), HESSELING Anneke (Stellenbosch University,

Cape Town, South Africa), MALECHE-OBIMBO Elizabeth (University of Nairobi, Kenya),

MUSOKE Philippa (Makerere University, Uganda), NICOL Mark (University of Western

Australia, Perth, Australia); MAO Tan Eang (CENAT, Phnom Penh, Cambodia).

Author Contributions

Conceptualization: Basant Joshi, Laurence Borand, Jean-Voisin Taguebue, Raoul Moh, Celso

Khosa, Guillaume Breton, Juliet Mwanga-Amumpaire, Maryline Bonnet, Eric Wobudeya,

Olivier Marcy, Joanna Orne-Gliemann.

Data curation: Basant Joshi, Yara Voss De Lima, Douglas Mbang Massom, Sanary Kaing,

Marie-France Banga, Joanna Orne-Gliemann.

Formal analysis: Basant Joshi, Yara Voss De Lima, Douglas Mbang Massom, Sanary Kaing,

Marie-France Banga, Egerton Tamba Kamara, Sheriff Sesay, Joanna Orne-Gliemann.

Investigation: Basant Joshi, Maryline Bonnet, Eric Wobudeya, Olivier Marcy, Joanna Orne-

Gliemann.

Methodology: Basant Joshi, Maryline Bonnet, Eric Wobudeya, Olivier Marcy, Joanna Orne-

Gliemann.

Project administration: Basant Joshi, Joanna Orne-Gliemann.

Resources: Basant Joshi, Joanna Orne-Gliemann.

Software: Basant Joshi, Yara Voss De Lima, Douglas Mbang Massom, Sanary Kaing, Marie-

France Banga, Egerton Tamba Kamara, Sheriff Sesay, Joanna Orne-Gliemann.

Supervision: Basant Joshi, Laurence Borand, Jean-Voisin Taguebue, Raoul Moh, Celso Khosa,

Guillaume Breton, Juliet Mwanga-Amumpaire, Maryline Bonnet, Eric Wobudeya, Olivier

Marcy, Joanna Orne-Gliemann.

Validation: Basant Joshi, Maryline Bonnet, Eric Wobudeya, Olivier Marcy, Joanna Orne-

Gliemann.

Visualization: Basant Joshi, Maryline Bonnet, Eric Wobudeya, Olivier Marcy, Joanna Orne-

Gliemann.

Writing – original draft: Basant Joshi.

Writing – review & editing: Basant Joshi, Yara Voss De Lima, Douglas Mbang Massom, San-

ary Kaing, Marie-France Banga, Egerton Tamba Kamara, Sheriff Sesay, Laurence Borand,

Jean-Voisin Taguebue, Raoul Moh, Celso Khosa, Guillaume Breton, Juliet Mwanga-

Amumpaire, Maryline Bonnet, Eric Wobudeya, Olivier Marcy, Joanna Orne-Gliemann.

PLOS GLOBAL PUBLIC HEALTH Acceptability of decentralizing childhood tuberculosis diagnosis

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001525 October 11, 2023 21 / 24

https://doi.org/10.1371/journal.pgph.0001525


References
1. World Health Organization. Global Tuberculosis Report. Geneva, Switzerland; 2022. https://www.who.

int/publications/i/item/9789240061729. [Access date: 07/06/2022].

2. Dodd PJ, Yuen CM, Sismanidis C, Seddon JA, Jenkins HE. The global burden of tuberculosis mortality

in children: a mathematical modelling study. Lancet Glob Health. 2017 Sep 1; 5(9):e898–906. https://

doi.org/10.1016/S2214-109X(17)30289-9 PMID: 28807188

3. Godreuil S, Marcy O, Wobudeya E, Bonnet M, Solassol J. Tackling mortality due to childhood tuberculo-

sis. Lancet Public Health. 2018; 3(4):e165. https://doi.org/10.1016/S2468-2667(18)30049-5 PMID:

29580838

4. Detjen AK, DiNardo AR, Leyden J, Steingart KR, Menzies D, Schiller I, et al. Xpert MTB/RIF assay

for the diagnosis of pulmonary tuberculosis in children: a systematic review and meta-analysis. Lan-

cet Respir Med. 2015; 3(6):451–61. https://doi.org/10.1016/S2213-2600(15)00095-8 PMID:

25812968

5. Graham SM. Chest radiography for diagnosis of tuberculosis in children: A problem of interpretation. Int

J Tuberc Lung Dis. 2014; 18(7):757. https://doi.org/10.5588/ijtld.14.0354 PMID: 24902545

6. Ritz N, Curtis N. Novel concepts in the epidemiology, diagnosis and prevention of childhood tuberculo-

sis. Swiss Med Wkly. 2014; 144(w14000):1–8. https://doi.org/10.4414/smw.2014.14000 PMID:

25207918

7. Marais BJ, Verkuijl S, Casenghi M, Triasih Ri, Hesseling AC, Mandalakas AM, et al. Paediatric tubercu-

losis–new advances to close persistent gaps. Int J Infect Dis. 2021; 113:S63–7. https://doi.org/10.1016/

j.ijid.2021.02.003 PMID: 33716193

8. World Health Organization. Operational handbook on tuberculosis. Module 5: Management of tubercu-

losis in children and adolescents. Geneva, Switzerland; 2022. https://www.who.int/publications/i/item/

9789240046832. [Access date: 14/08/2022].

9. World Health Organization. WHO consolidated guidelines on tuberculosis. Module 5: Management of

tuberculosis in children and adolescents. Geneva, Switzerland; 2022. https://www.who.int/publications/

i/item/9789240046764. [Access date: 16/08/2022].

10. Zawedde-Muyanja S, Nakanwagi A, Dongo JP, Sekadde MP, Nyinoburyo R, Ssentongo G, et al.

Decentralisation of child tuberculosis services increases case finding and uptake of preventive therapy

in Uganda. Int J Tuberc Lung Dis. 2018; 22(11):1314–21. https://doi.org/10.5588/ijtld.18.0025 PMID:

30355411

11. Talukder K, Salim MAH, Jerin I, Sharmin F, Talukder MQ-K, Marais BJ, et al. Intervention to increase

detection of childhood tuberculosis in Bangladesh. Int J Tuberc Lung Dis. 2012; 16(1):70–5. https://doi.

org/10.5588/ijtld.11.0060 PMID: 22236849

12. Maha A, Majumdar SS, Main S, Phillip W, Witari K, Schulz J, et al. The effects of decentralisation of

tuberculosis services in the East New Britain Province, Papua New Guinea. Public Health Action. 2019;

9 (S1):S43–9. https://doi.org/10.5588/pha.18.0070 PMID: 31579649

13. Oshi DC, Chukwu J, Nwafor CC, Meka AO, Madichie NO, Ogbudebe CL, et al. Does intensified case

finding increase tuberculosis case notification among children in resource-poor settings? A report from

Nigeria. Int J Mycobacteriol. 2016; 5(1):44–50. https://doi.org/10.1016/j.ijmyco.2015.10.007 PMID:

26927989

14. World Health Organisation. Health system decentralization: concepts, issues and country experience

[Internet]. Geneva, Switzerland; 1990. https://apps.who.int/iris/handle/10665/39053. [Access date: 09/

10/2022].

15. Wobudeya E, Bonnet M, Walters EG, Nabeta P, Song R, Murithi W, et al. Diagnostic Advances in Child-

hood Tuberculosis—Improving Specimen Collection and Yield of Microbiological Diagnosis for Intratho-

racic Tuberculosis. Pathogens. 2022; 11(4):389. https://doi.org/10.3390/pathogens11040389 PMID:

35456064

16. World Health Organization. Chest Radiography in Tuberculosis. Geneva, Switzerland; 2016. https://

apps.who.int/iris/handle/10665/252424. [Access date: 06/08/2022].

17. Qin ZZ, Sander MS, Rai B, Titahong CN, Sudrungrot S, Laah SN et al. Using artificial intelligence to

read chest radiographs for tuberculosis detection: A multi-site evaluation of the diagnostic accuracy of

three deep learning systems. Sci Rep. 2019; 9(1):1–10. https://doi.org/10.1038/s41598-019-51503-3

PMID: 31628424

18. Wandwalo E, Kamara DV, Yassin MA, Morrison L, Nwaneri NB, Asiimwe S, et al. Enhancing Tuberculo-

sis Case-Finding: A Case of Quality Improvement Initiative in Tanzania. Trop Med Infect Dis. 2022; 7

(6):1–7. https://doi.org/10.3390/tropicalmed7060097 PMID: 35736976

19. Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A, et al. Outcomes for implementa-

tion research: Conceptual distinctions, measurement challenges, and research agenda. Adm Policy

PLOS GLOBAL PUBLIC HEALTH Acceptability of decentralizing childhood tuberculosis diagnosis

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001525 October 11, 2023 22 / 24

https://www.who.int/publications/i/item/9789240061729
https://www.who.int/publications/i/item/9789240061729
https://doi.org/10.1016/S2214-109X%2817%2930289-9
https://doi.org/10.1016/S2214-109X%2817%2930289-9
http://www.ncbi.nlm.nih.gov/pubmed/28807188
https://doi.org/10.1016/S2468-2667%2818%2930049-5
http://www.ncbi.nlm.nih.gov/pubmed/29580838
https://doi.org/10.1016/S2213-2600%2815%2900095-8
http://www.ncbi.nlm.nih.gov/pubmed/25812968
https://doi.org/10.5588/ijtld.14.0354
http://www.ncbi.nlm.nih.gov/pubmed/24902545
https://doi.org/10.4414/smw.2014.14000
http://www.ncbi.nlm.nih.gov/pubmed/25207918
https://doi.org/10.1016/j.ijid.2021.02.003
https://doi.org/10.1016/j.ijid.2021.02.003
http://www.ncbi.nlm.nih.gov/pubmed/33716193
https://www.who.int/publications/i/item/9789240046832
https://www.who.int/publications/i/item/9789240046832
https://www.who.int/publications/i/item/9789240046764
https://www.who.int/publications/i/item/9789240046764
https://doi.org/10.5588/ijtld.18.0025
http://www.ncbi.nlm.nih.gov/pubmed/30355411
https://doi.org/10.5588/ijtld.11.0060
https://doi.org/10.5588/ijtld.11.0060
http://www.ncbi.nlm.nih.gov/pubmed/22236849
https://doi.org/10.5588/pha.18.0070
http://www.ncbi.nlm.nih.gov/pubmed/31579649
https://doi.org/10.1016/j.ijmyco.2015.10.007
http://www.ncbi.nlm.nih.gov/pubmed/26927989
https://apps.who.int/iris/handle/10665/39053
https://doi.org/10.3390/pathogens11040389
http://www.ncbi.nlm.nih.gov/pubmed/35456064
https://apps.who.int/iris/handle/10665/252424
https://apps.who.int/iris/handle/10665/252424
https://doi.org/10.1038/s41598-019-51503-3
http://www.ncbi.nlm.nih.gov/pubmed/31628424
https://doi.org/10.3390/tropicalmed7060097
http://www.ncbi.nlm.nih.gov/pubmed/35736976
https://doi.org/10.1371/journal.pgph.0001525


Ment Health and Mental Health Services Research. 2011; 38(2):65–76. https://doi.org/10.1007/

s10488-010-0319-7 PMID: 20957426

20. Sekhon M, Cartwright M, Francis JJ. Acceptability of healthcare interventions: An overview of reviews

and development of a theoretical framework. BMC Health Serv Res. 2017; 17(88):1–13. https://doi.org/

10.1186/s12913-017-2031-8 PMID: 28126032

21. Peters DH, Adam T, Alonge O, Agyepong IA, Tran N. Implementation research: what it is and how to do

it. BMJ. 2013; 6753(November):1–7. https://doi.org/10.1136/bmj.f6753 PMID: 24259324

22. Law S, Seepamore B, Oxlade O, Sikhakhane N, Dawood H, Chetty S, et al. Acceptability, feasibility,

and impact of a pilot tuberculosis literacy and treatment counselling intervention: a mixed methods

study. BMC Infect Dis. 2021; 21(1):1–13. https://doi.org/10.1186/s12879-021-06136-1 PMID:

34006254

23. Wademan DT, Busakwe L, Nicholson TJ, van der Zalm M, Palmer M, Workman J, et al. Acceptability of

a first-line anti-tuberculosis formulation for children: Qualitative data from the SHINE trial. Int J Tuberc

Lung Dis. 2019; 23(12):1263–8. https://doi.org/10.5588/ijtld.19.0115 PMID: 31931909

24. Wobudeya E, Nanfuka M, Nguyet MHTN, Mwanga J, Taguebue J, Breton G, et al. Impact of decentral-

izing childhood TB diagnosis approaches at primary hospital level on case detection in high TB burden

countries. In World Conference On Lung Health, 2022 of The International Union Against Tuberculosis

And Lung Disease(The UNION); 2022. p. S290.

25. Mcleroy KR, Bibeau D, Steckler A, Glanz K. An Ecological Perspective on Health Promotion Programs.

Health Education & Behavior. 1988; 15(4):351–77. https://doi.org/10.1177/109019818801500401

PMID: 3068205

26. Golden SD, Earp JAL. Social Ecological Approaches to Individuals and Their Contexts: Twenty Years

of Health Education & Behavior Health Promotion Interventions. Health Education and Behavior. 2012;

39(3):364–72. https://doi.org/10.1177/1090198111418634 PMID: 22267868

27. Joshi B, Font H, Wobudeya E, Nanfuka M, Kobusingye A, Mwanga-Amumpaire J, et al. Knowledge, atti-

tudes and practices on childhood TB among healthcare workers. Int J Tuberc Lung Dis. 2022; 26

(3):243–51. https://doi.org/10.5588/ijtld.21.0317 PMID: 35197164

28. Nicol MP, Zar HJ. New specimens and laboratory diagnostics for childhood pulmonary TB: progress

and prospects. Paediatr Respir Rev. 2012; 12(1):16–21. https://doi.org/10.1016/j.prrv.2010.09.008

PMID: 21172670

29. Owens S, Abdel-Rahman IE, Balyejusa S, Musoke P, Cooke RPD, Parry CM, et al. Nasopharyngeal

aspiration for diagnosis of pulmonary tuberculosis. Arch Dis Child. 2007; 92:693–6. https://doi.org/10.

1136/adc.2006.108308 PMID: 17185437

30. Sanogo B, Kiema PE, Barro M, Nacro SF, Ouermi SA, Msellati P, et al. Contribution and Acceptability

of Bacteriological Collection Tools in the Diagnosis of Tuberculosis in Children Infected with HIV. J Trop

Pediatr. 2021; 67(2):1–9. https://doi.org/10.1093/tropej/fmab027 PMID: 34037789

31. Ngabonzima A, Kenyon C, Kpienbaareh D, Luginaah I, Mukunde G, Hategeka C, et al. Developing and

implementing a model of equitable distribution of mentorship in districts with spatial inequities and mal-

distribution of human resources for maternal and newborn care in Rwanda. BMC Health Serv Res.

2021; 21(1):1–12. https://doi.org/10.1186/s12913-021-06764-y PMID: 34315417

32. Amicosante M, D’Ambrosio L, Munoz M, de Q Mello FC, Tebruegge M, Chegou NN, et al. Current use

and acceptability of novel diagnostic tests for active tuberculosis: a worldwide survey. Jornal Brasileiro

de Pneumologia. 2017; 43(5):380–92. https://doi.org/10.1590/S1806-37562017000000219 PMID:

29160384

33. Aluko JO, Anthea R, Marie Modeste RR. Manpower capacity and reasons for staff shortage in primary

health care maternity centres in Nigeria: a mixed-methods study. BMC Health Serv Res. 2019; 19(1):1–

15. https://doi.org/10.1186/s12913-018-3819-x PMID: 30616598

34. Dewi C, Barclay L, Passey M, Wilson S. Improving knowledge and behaviours related to the cause,

transmission and prevention of Tuberculosis and early case detection: A descriptive study of community

led Tuberculosis program in Flores, Indonesia. BMC Public Health. 2016; 16(1):1–12. https://doi.org/10.

1186/s12889-016-3448-4 PMID: 27503095

35. Der JB, Grant AD, Grint D, Narh CT, Bonsu F, Bond V. Barriers to tuberculosis case finding in primary

and secondary health facilities in Ghana: perceptions, experiences and practices of healthcare workers.

BMC Health Serv Res. 2022; 22(1):1–14. https://doi.org/10.1186/s12913-022-07711-1 PMID: 35305634

36. Kuupiel D, Adu KM, Apiribu F, Bawontuo V, Adogboba DA, Ali KT, et al. Geographic accessibility to pub-

lic health facilities providing tuberculosis testing services at point-of-care in the upper east region,

Ghana. BMC Public Health. 2019; 19(718):1–12. https://doi.org/10.1186/s12889-019-7052-2 PMID:

31182068

37. Finnie RKC, Khoza LB, van den Borne B, Mabunda T, Abotchie P, Mullen PD. Factors associated with

patient and health care system delay in diagnosis and treatment for TB in sub-Saharan African

PLOS GLOBAL PUBLIC HEALTH Acceptability of decentralizing childhood tuberculosis diagnosis

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001525 October 11, 2023 23 / 24

https://doi.org/10.1007/s10488-010-0319-7
https://doi.org/10.1007/s10488-010-0319-7
http://www.ncbi.nlm.nih.gov/pubmed/20957426
https://doi.org/10.1186/s12913-017-2031-8
https://doi.org/10.1186/s12913-017-2031-8
http://www.ncbi.nlm.nih.gov/pubmed/28126032
https://doi.org/10.1136/bmj.f6753
http://www.ncbi.nlm.nih.gov/pubmed/24259324
https://doi.org/10.1186/s12879-021-06136-1
http://www.ncbi.nlm.nih.gov/pubmed/34006254
https://doi.org/10.5588/ijtld.19.0115
http://www.ncbi.nlm.nih.gov/pubmed/31931909
https://doi.org/10.1177/109019818801500401
http://www.ncbi.nlm.nih.gov/pubmed/3068205
https://doi.org/10.1177/1090198111418634
http://www.ncbi.nlm.nih.gov/pubmed/22267868
https://doi.org/10.5588/ijtld.21.0317
http://www.ncbi.nlm.nih.gov/pubmed/35197164
https://doi.org/10.1016/j.prrv.2010.09.008
http://www.ncbi.nlm.nih.gov/pubmed/21172670
https://doi.org/10.1136/adc.2006.108308
https://doi.org/10.1136/adc.2006.108308
http://www.ncbi.nlm.nih.gov/pubmed/17185437
https://doi.org/10.1093/tropej/fmab027
http://www.ncbi.nlm.nih.gov/pubmed/34037789
https://doi.org/10.1186/s12913-021-06764-y
http://www.ncbi.nlm.nih.gov/pubmed/34315417
https://doi.org/10.1590/S1806-37562017000000219
http://www.ncbi.nlm.nih.gov/pubmed/29160384
https://doi.org/10.1186/s12913-018-3819-x
http://www.ncbi.nlm.nih.gov/pubmed/30616598
https://doi.org/10.1186/s12889-016-3448-4
https://doi.org/10.1186/s12889-016-3448-4
http://www.ncbi.nlm.nih.gov/pubmed/27503095
https://doi.org/10.1186/s12913-022-07711-1
http://www.ncbi.nlm.nih.gov/pubmed/35305634
https://doi.org/10.1186/s12889-019-7052-2
http://www.ncbi.nlm.nih.gov/pubmed/31182068
https://doi.org/10.1371/journal.pgph.0001525


countries with high burdens of TB and HIV. Trop Med Int Health. 2011; 16(4):394–411. https://doi.org/

10.1111/j.1365-3156.2010.02718.x PMID: 21320240

38. Haas P, Yenew B, Mengesha E, Slyzkyi A, Gashu Z, Lounnas M, et al. The simple one-step (sos) stool

processing method for use with the xpert mtb/rif assay for a child-friendly diagnosis of tuberculosis

closer to the point of care. J Clin Microbiol. 2021; 59(8):1–11. https://doi.org/10.1128/JCM.00406-21

PMID: 34076469

39. Zamorano P, Muñoz P, Espinoza M, Tellez A, Varela T, Saurez F, et al. Impact of a high-risk multimor-

bidity integrated care implemented at the public health system in Chile. PLOS One. 2022; 17(1 January

2022):1–12. https://doi.org/10.1371/journal.pone.0261953 PMID: 35030178

40. Salway SM, Higginbottom G, Reime B, Bharj KK, Chowbey P, Foster C, et al. Contributions and chal-

lenges of cross-national comparative research in migration, ethnicity and health: Insights from a prelimi-

nary study of maternal health in Germany, Canada and the UK. BMC Public Health. 2011; 11(1):514.

https://doi.org/10.1186/1471-2458-11-514 PMID: 21714893

PLOS GLOBAL PUBLIC HEALTH Acceptability of decentralizing childhood tuberculosis diagnosis

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001525 October 11, 2023 24 / 24

https://doi.org/10.1111/j.1365-3156.2010.02718.x
https://doi.org/10.1111/j.1365-3156.2010.02718.x
http://www.ncbi.nlm.nih.gov/pubmed/21320240
https://doi.org/10.1128/JCM.00406-21
http://www.ncbi.nlm.nih.gov/pubmed/34076469
https://doi.org/10.1371/journal.pone.0261953
http://www.ncbi.nlm.nih.gov/pubmed/35030178
https://doi.org/10.1186/1471-2458-11-514
http://www.ncbi.nlm.nih.gov/pubmed/21714893
https://doi.org/10.1371/journal.pgph.0001525

