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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 HCWSs’ perspective. We conducted imple-
mentation research nested within the TB-Speed Decentralization study. HCWs from two
health districts of Cambodia, Cameroon, Céte d’lvoire, 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 HCWSs 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, Cote d’Ivoire, Mozambique, Sierra Leone and Uganda, including 59 health facilities (12
DHs and 47 PHC:s). 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 (N'TPs) 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. HCW s 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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Table 1. Comprehensive childhood tuberculosis diagnosis package. TB-Speed Decentralization study (2018-22).

Diagnosis Target population | Person in charge Location Detail of activity DH- PHC-
component focused focused
strategy | strategy
DH | PHC | DH | PHC
Systematic Screening | All sick children Screener (trained lay health care), | Triage or Screening questions: X X X X
attending the health | Nurse, Nurse assistant consultation room 1. Cough > 2 weeks
facilities 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
NPA sample Children with Nurse, Nurse assistant, Midwife Sample collection Microbiological samples: X X X
collection presumptive room or nasopharyngeal aspirate,
tuberculosis consultation room expectorated sputum (if stool is
not available)
Stool sample Children with Nurse, Nurse assistant, Midwife Sample collection Stool sampling (directly from X X X
collection presumptive room or the child or with the help of
tuberculosis consultation room parents on the day or later)
Microbiological Children with Laboratory technician (DH) Laboratory, NPA Xpert MTB/RIF Ultra on: X X X
testing using Xpert | presumptive Nurses/midwives or laboratory collection room (in | « Battery-operated G1 Edge
Ultra tuberculosis technician (PHC) some PHCs) (PHC)
« Standard GeneXpert (DH)
Clinical evaluation Children with Clinician, nurse, medical doctor Consultation room | Standardized medical charts X X X
presumptive with symptoms and signs of
tuberculosis tuberculosis.
In Uganda NTP algorithm for
the diagnosis of tuberculosis
Optimized chest All children with Radiographer (Performs CXR), Radiology Digital chest X-Ray & simplified | X X
X-Ray presumptive Team (Medical doctor, clinician, department, reading
tuberculosis (DH) Nurse) led by Medical doctor consultation room 1. Enlarged lymph nodes
Still symptomatic at | (Interpret CXR report) 2. Alveolar opacity
Day 7 (PHC)

3. Airways compression
4. Miliary
5. Cavitation

Pleural or pericardial effusion

DH: District Hospital, PHC: Primary Health Clinic.

https://doi.org/10.1371/journal.pgph.0001525.t1001

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.
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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 Cote 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 HCWSs 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

(Céte d’Ivoire, DH, Doctor)
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Table 2. Sociodemographic information of HCWs interviewed, TB-Speed Decentralization study, 2021.

Variables Cambodia | Cameroon |Cote d’Ivoire |Mozambique | SierraLeone |Uganda Total
(N =20) (N=24) (N=16) (N=19) (N=22) (N =29) (N=130)
n (%) n (%) n (%) N (%) n (%) n (%) 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
< 1year 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

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)
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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

Affective attitude

Perceived-
effectiveness

Burden

Self-efficacy

Ethicality

Diagnosis component

Screening

Referral

Screening

Nasopharyngeal
aspiration

Chest X-Ray

Nasopharyngeal
aspiration

Referral

Xpert MTB-RIF Ultra

Chest X-Ray

Clinical evaluation

Nasopharyngeal
aspiration

Illustrative quotes

“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” (Cote d’Ivoire, PHC-focused district, PHC, Nurse).

“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).

“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)

“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)

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)

“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)

"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.” (Cote 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).

“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)

“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).

“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)

“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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Table 3. (Continued)

Acceptability Diagnosis component | Illustrative quotes

domain

Intervention Nasopharyngeal “So, you have to convince the parent first before doing the nasopharyngeal aspiration, and also always measure the
coherence aspiration 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

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. HCWSs 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).
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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?”

(Céte 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 set-
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”

(Céte 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).
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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 PHC:s 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, HCWSs 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

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0001525 October 11, 2023 13/24


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

PLOS GLOBAL PUBLIC HEALTH Acceptability of decentralizing childhood tuberculosis diagnosis

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 o Causing discomfort to children during the nasopharyngeal
« Self-efficacy in diagnosing tuberculosis aspiration procedure
o Trusting the quality of sample collection procedures (NPA, stool « Lack of exposure to some new diagnostic tools and
collection) and the tests (Xpert Ultra) confidence
« Being pro-active in detecting tuberculosis « Not being able to solve referral related issues (transport

« Observing tangible results, positive tests, effectiveness costs for patients)

« Feeling proud to provide quality services
Facility/health « On the job training, support supervision, clinical mentoring o Lack of trained staff
system-level « Functioning sample transportation channels in some countries o Lack of space
« Burden of routine and/or study documentation
Structural-level o No structural-level facilitators reported by HCWs interviewed o Lack of awareness within the community

« Care behaviors (minor or grand-parents accompanying
child)

« Cultural practices

« Stigma related to tuberculosis

o COVID-19-related disruption or interruption of services
« Transport and distance challenges

« Power cuts

https://doi.org/10.1371/journal.pgph.0001525.t004

coverage of services among children in need. HCW's 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
HCWSs 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 HCW's 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

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0001525 October 11, 2023 14/24


https://doi.org/10.1371/journal.pgph.0001525.t004
https://doi.org/10.1371/journal.pgph.0001525

PLOS GLOBAL PUBLIC HEALTH Acceptability of decentralizing childhood tuberculosis diagnosis

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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