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summary

Introduction: Childhood tuberculosis (TB) remains highly underdiagnosed and undertreated, particularly in
high-burden and resource-limited settings. In 2024, an estimated 1.2 million children had TB and 16% of
the deaths from the disease were children. Over 96% of children who died from TB were not on treatment
at the time of death, underscoring the urgency of earlier, accurate diagnosis. In 2022, the World Health
Organization (WHO) introduced Treatment Decision Algorithms (TDAs) to support structured clinical
decision-making for pulmonary TB in children under 10. This qualitative study, embedded within the TB
ALGO PED study, explored the perspectives of key stakeholders on the implementation, use, adaptation,
and sustainability of the TDAs across five countries: Uganda, Niger, Guinea, Nigeria, and South Sudan.

Methods: The study was guided by an adapted Medical Research Council (MRC) process evaluation
framework, with an added focus on sustainability. Data collection took place between February and June
2025 and included a document review, informal conversations, and four focus group discussions with key
MSF and Epicentre stakeholders, including field implementers, researchers, project managers, MSF
advisors, and study coordinators. Data was analyzed using reflexive thematic analysis.

Results: A total of 25 key stakeholders took part in four FGDs. Across settings, stakeholders viewed the
WHO TDAs as a useful and practical tool that strengthened pediatric TB diagnosis, supported clinical
reasoning, and fostered teamwork within health facilities. Implementation was described as progressive
and collaborative, facilitated by training, supervision, and emerging communities of practice. Nevertheless,
several challenges shaped how the TDAs were used in practice. Limited operational guidance, high
caseloads, and constrained diagnostic capacity affected implementation across sites. It was perceived that
the use of the TDAs also varied by clinical background. Clinicians tended to integrate the tool with their
diagnostic reasoning, whereas nurses and community health workers often relied on it more rigidly.
Defining eligibility for the TDA proved particularly challenging in settings with high prevalence of SAM and
affected by food insecurity, where large numbers of children met entry criteria. To maintain feasibility,
teams refined criteria for presumptive TB to better identify which children should proceed into the
algorithm. Once children entered the TDA, further operational adjustments were sometimes applied. These
included broadening the definition of TB contact or asking about TB contact earlier in the process, delaying
the timing of scoring until clinical stabilization or treatment of other comorbidities. In addition, due to
logistical constraints in some settings it was needed to determine whether a chest X-ray would be
performed. Collectively, these adaptations reflected local realities and varied between countries,
depending on the health system structure, available diagnostics, and human resources. Sustainability of
TDA use emerged as a concern across all countries. Stakeholders emphasized that without integration into
national policies, continued training, and alignment with existing child health services, TDA use could
decline once project support ends. To ensure long-term impact, they recommended clearer operational
guidance, ongoing capacity building, integration into pre- and in-service training, alignment with national
programs, and strengthened coordination between all stakeholders.

Conclusion: The 2022 WHO TDAs were widely perceived as effective in improving pediatric TB diagnosis
and fostering collaboration among healthcare teams. Contextual adaptation was central to feasibility, yet
persistent resource and system challenges affected consistent use. Integration into national policies,
continued capacity-strengthening, and local ownership within health systems were seen as essential for
embedding the TDAs into routine practice and achieving sustainable impact.



Introduction

Tuberculosis (TB) remains an important global health issue and a significant cause of morbidity and
mortality in children globally (1). Despite being both preventable and curable, TB accounts for an
estimated 2-5% of the annual deaths in children under the age of five (2). In 2024, an estimated 1.2
million children had TB and 16% of the deaths from the disease were children, underscoring the
substantial burden of the disease within this vulnerable age group (1). Underdiagnosis and inadequate
treatment of TB remain critical challenges in pediatric TB (1,3). Children often present with non-
specific symptoms, and the disease can progress rapidly, particularly in young children under 2 due to
their immature immune systems (4). Alarmingly, an estimated 60% of pediatric TB cases remain
undetected, and 96% of children who die from TB are not receiving treatment at the time of death,
underscoring critical gaps in current diagnostic and treatment approaches (1,4).

The burden of childhood TB is disproportionately high in sub-Saharan Africa, which accounts
for nearly one-third of global TB cases in children under 15 (5). This figure likely underestimates the
true burden, as many pediatric TB cases remain undiagnosed and untreated (6). Despite recognition
of children as a priority group within national TB programs, accurate diagnosis and effective
management of pediatric TB remain substantial challenges (7).

Diagnosis is further complicated by symptom overlap with common pediatric conditions such
as HIV and severe acute malnutrition (SAM), often leading to missed or late diagnosis of TB (8). Both
HIV and SAM are critical risk factors for TB in children due to the profound immune suppression they
cause (5,8,9). Children living with HIV (CLHIV) have an increased risk of 8-20 times of progressing to TB
disease compared to HIV-negative children (9). Additionally, children with SAM are three times more
likely to acquire TB (10). Both conditions not only exacerbate the progression and severity of TB but
also significantly increase the mortality risk (5,10,11).

Timely and effective treatment of TB is crucial to reducing the mortality rates in children.
However, to date, diagnosing TB in children remains challenging due to the lack of simple, reliable, and
accessible tests (3). Conventional diagnostic methods perform poorly in children, primarily due to
several obstacles in detecting the disease, including non-specific clinical presentations, limited
availability of radiography and molecular tests, difficulties in collecting respiratory specimens, and the
paucibacillary nature of pediatric TB (1,12). Additional barriers include poor integration of existing
diagnostic tools into primary healthcare settings, where most pediatric TB cases present, and limited
pediatric TB expertise among healthcare providers (7). These challenges frequently result in delayed
diagnosis or the complete absence of treatment initiation, which can be fatal for affected children (13).

In 2022, the WHO recommended two new integrated treatment decision algorithms (TDAs)
for pulmonary TB in children under 10 years: Algorithm A for use in settings with access to chest
radiography (CXR) and Algorithm B for those without access (14) (Appendix 1). These TDAs are
flowcharts that assign evidence-based scores to microbiological and clinical features, and, where
available, radiographic findings, allowing clinicians to decide whether to initiate TB treatment.
(Appendix 1). Aiming to standardize and accelerate the identification of TB in children, TDAs could fill
the detection gaps in these vulnerable groups (14). The WHO has called for evidence generation on
the diagnostic performance and feasibility of implementing these algorithms to inform potential
revisions to current TB diagnosis recommendations for children (14).

In response, Médecins Sans Frontiéres (MSF) and Epicentre, in partnership with the Ministry
of Health (MoH) and National TB Programs, conducted the multi-country study TB ALGO PED in Niger,



Nigeria, Guinea, Uganda, and South Sudan to assess the diagnostic performance of the 2022 WHO
TDAs as well as the feasibility and acceptability of implementing these algorithms. The present study,
embedded within the TB ALGO PED study and conducted post-implementation, explores how diverse
key MSF and Epicentre stakeholders — including MSF and Epicentre study coordinators, field
implementers, researchers, project managers, and advisors — perceive the implementation, use,
adaptation, and sustainability of the 2022 WHO TDAs across the different settings. The key objectives
were to assess stakeholders’ perceptions regarding: (i) the TDAs as recommended by the WHO; (ii) the
implementation processes of the TDAs across diverse settings; (iii) the use of the TDAs in routine
clinical practice; (iv) adaptations introduced in different contexts; and (v) prospects for long-term
sustainability.

Methods

Theoretical Framework: MRC Process Evaluation Framework

The study design was informed by an adapted version of the Medical Research Council (MRC) process
evaluation framework for complex interventions (Figure 1) (15). The original framework systematically
examines three core components of process evaluation: implementation (how delivery is achieved),
mechanisms of impact (how change is produced), and context (contextual factors shaping delivery and
outcomes). To better capture the long-term integration into routine practice after initial
implementation, we extended the original MRC framework by incorporating a fourth domain,
“maintenance”, drawn from the RE-AIM framework (16). This addition allowed us to explore the
factors that support or hinder the sustainability of the TDAs. For this study, we focused on the four
domains highlighted in blue in Figure 1: Context, Implementation, Mechanisms of Impact, and
Maintenance.

Context

= Contextual factors refer bo the broader environmental, organizational, and social conditions that shape how an intervention is implemented and functions.
= Contextual factors influence —and may also be influenced by—implementation processes, mechanisms of impact, maintenance, and eventual outcomes.

= Health system-level factors (e.g., infrastructure, policy, fragmentation)

a Population-level characteristics [e.g., vulnerability, epidemiclogy, mobility)

a Policy and resource environments {e.g., national guidelines, supply chains, financial structures)

N N

Implementation Mechanisms of Impact Maintenance
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Figure 1. Adapted Medical Research Council (MRC) process evaluation framework used in this sub-study. The model consists
of four key domains — Context, Implementation, Mechanisms of Impact, and Maintenance (Blue boxes). The feedback loops
illustrate how each domain both shapes and is shaped by the others. The arrows illustrate the dynamic interactions between
the different domains, linking a clear description of the intervention and its assumptions to observed outcomes.

Study Design

This study employed a qualitative design, using a transdisciplinary, participatory approach. The study
combined three data sources: informal conversations, document analysis, and focus group discussions
(FGDs). The informal conversations and document analysis were conducted first and served as
complementary data sources that informed the FGD topic guide and enriched the insights from the
FGDs (17). This triangulation generated rich, contextualized data on the implementation and use of
the TDAs across multiple health facilities in Guinea, Nigeria, Uganda, Niger, and South Sudan. The
transdisciplinary approach was supported by regular debriefings and feedback sessions. Insights from
early FGDs informed the refinement of subsequent discussion guides. While the Epicentre research
team collaboratively defined the study objectives, the interpretation of findings was further enriched
through discussions with selected key stakeholders after the FGDs, ensuring their perspectives also
informed the interpretation of the findings.

Study participants

Participants included key MSF and Epicentre key stakeholders who directly contributed to the use,
implementation, or evaluation of the 2022 WHO TDAs for children under 10 across Uganda, Guinea,
Niger, Nigeria, and South Sudan. These stakeholders included Epicentre researchers, MSF advisors,
project managers, field implementers, and study coordinators.

Sampling and Recruitment

Purposive, criterion-based sampling was used to recruit participants. In collaboration with the study
team, individuals were identified based on their relevance to the study objectives. Efforts were made
to ensure diversity in professional roles and representation across all five study countries. Key criteria
for inclusion included direct involvement in the use, implementation, or evaluation of the 2022 WHO
TDAs.

Data collection

Data collection took place between February and June 2025.

Informal conversations and project documentation

Six informal, semi-structured conversations were conducted with researchers closely involved with the
study. Additionally, project documentation was reviewed to identify the main themes related to TDA
use and implementation (18). Through an iterative process of data synthesis, insights from informal
conversations were integrated with document analysis to identify convergent and divergent patterns
(17,18). Building on this preliminary data, a semi-structured FGD guide was co-developed by the lead
researcher and another Epicentre researcher who co-facilitated the FGDs.

Focus Group Discussions



Four FGDs were conducted; three in English and one in French. One FGD was conducted in a hybrid
format at the MSF office in Brussels, allowing both in-person and remote participation. FGDs were
conducted online via Microsoft Teams to enable participation of stakeholders based in other countries.
Participants were grouped into: (1) MSF advisors and project managers, (2) Epicentre researchers, (3)
English-speaking study coordinators and field implementers, and (4) French-speaking study
coordinators and field implementers. This grouping aimed to foster open dialogue within more
homogeneous groups and mitigate potential power dynamics and language barriers that could hinder
participation. After the initial FGD with Epicentre researchers, the discussion guide was revised to
incorporate key insights and feedback. These refinements strengthened its relevance for subsequent
stakeholder groups while remaining aligned with the study framework and core themes. To support
engagement and real-time visual mapping of ideas, the interactive platform Miro was used as a
collaborative tool during the online FGDs.

Data Analysis

The analysis process began with an in-depth review of study-related documents, including
implementation analyses, internal reports, progress updates, meeting summaries, and medical file
templates used to complete the algorithm. Notes from the informal conversations were treated as
supplementary qualitative data and analyzed using an inductive thematic approach. Emerging themes
were compared with findings from the document review to identify convergence and divergence
across data sources. These preliminary insights were iteratively refined through collaborative
discussions during regular meetings with the Epicentre study team.

FGDs were recorded and auto-transcribed using Microsoft Teams, after which the transcripts
were anonymized and manually verified for accuracy. Data were analyzed using reflexive thematic
analysis in ATLAS.ti software, following Braun and Clarke’s six-phase approach (19). An inductive
approach with deductive elements was applied, allowing emergent themes to be identified while being
informed by document review, informal discussions, and the adapted MRC process evaluation
framework. A preliminary coding tree, informed by the adapted MRC process evaluation framework,
was developed through close reading of the transcripts. This enhanced the data analysis by providing
a structured yet flexible means of organizing and refining themes across transcripts (20,21). Iterative
adjustments to the coding tree were made during the analysis to allow for richer and enhanced validity
of the findings (20).

Ethical Considerations

This study was conducted in accordance with the Declaration of Helsinki (World Medical Association,
Ethical Principles for Medical Research Involving Human Subjects, 2013). The TB ALGO PED multi-site
study protocol was approved by the Médecins Sans Frontieres Ethics Review Board (MSF-ERB) and by
local ERBs in the 5 study sites. All participants in the FGDs provided informed consent, received
information about the study’s objectives, and understood that their participation was voluntary.



Results

A total of 25 key stakeholders took part in four FGDs, with the number of participants per FGD ranging
from four to eight (Table 1). Five central themes related to stakeholders’ perceptions of the
implementation, use, adaptation, and sustainability of the TDAs emerged from the data (Table 2).

Table 1. Characteristics of FGD Participants by Gender, Professional Role, and Geographic Representation (N=25)

Participant Characteristics

N

Gender
Female
Male

15

Professional role
Field implementer
Study coordinator
MSF advisor/Project manager
Epicentre researcher

N O 00 b

Countries

National participants
Guinea
Niger
Nigeria
South Sudan
Uganda

International participants

w w N NN

13

Table 2. Alignment of emergent themes with key domains in the adapted MRC process evaluation framework. The domain is

shown in bold, followed by the underlying domains listed below.

Theme

MRC framework domain

lllustrative Quote

1. Operationalizing implementation:
enhanced interdisciplinary
collaboration, shared operational
practice, and persistent systemic
realities

Implementation
Context

“I think there is still room for improvement, but
we have to think about the context where it was
implemented... Overall, | think there are really
substantial improvements [related to the
implementation of the TDA] that we can measure
in different ways.” (P. 20)

2. Variability in TDA use: professional
expertise, limited guidance, and
decision-making under constraints

Mechanisms of Impact
Implementation
Context

“A clinician has many possible diagnoses in mind
and knows a wide range of clinical presentations
that resemble tuberculosis. In contrast, nurses
don’t necessarily have that background to
differentiate between TB and other differential
diagnoses... If the required level of [medical]
knowledge is not there, it becomes even more
difficult to use the algorithm [or] to know when
to assign the specific score.” (P. 14)

3. Context-specific adaptations of
eligibility criteria, access to diagnostics
and timing under systemic constraints

Implementation
- Adaptation
Context

“It [the TDA] isn’t adapted to some populations.
It is the WHO algorithm that has been applied
directly, and all SAM cases need to be scored. So
operationally, this is not feasible and led to a lot
of challenges, with a lot of patients being
missed... Now, they are using it to decide which




patient needs investigation; if the score is greater
than 10, instead of starting treatment, they just
do GeneXpert and CXR. And this is because of the
limited resources they have, and it’s their own
way of adapting for their own context.” (P. 14)

. “A systematic restructuring is required, human
Maintenance

4, Sustaining TDA Use: Perceptions imol tati resources, supply, everything. Otherwise, once
mplementation
and Preconditions c pt X MSF steps back, | don’t see the sustainability.” (P.
ontex
16)

Theme 1. Operationalizing implementation: enhanced interdisciplinary collaboration,
shared operational practice, and persistent systemic realities

Implementation as an iterative process

Across all stakeholder groups, TDA implementation was framed as a phased, iterative process shaped
by ongoing negotiation, collaboration, and adaptations. According to the participants, the TDAs were
implemented through a series of deliberate steps that generated feedback, which was subsequently
discussed and used to inform further adjustments. Training was repeatedly described as central to this
process, as it built initial familiarity and confidence among healthcare workers in applying the TDAs.
Notably, it also facilitated a shift from individual interpretation to a shared operational practice of the
TDAs:

“Rather than each doctor reading it for themselves and figuring out how they should do it with
each patient they see... There's more of a discussion. The team was more involved as a group
rather than individually.” (P. 3)

Participants emphasized that the training sessions often uncovered knowledge gaps extending beyond
the TDAs, particularly in the clinical evaluation of malnourished children. To address these, additional
sessions were organized to strengthen basic and foundational diagnostic reasoning in complex
pediatric contexts:

“Most of the consultants were unable to follow a child’s growth curve, so we also had to provide
training on how to plot the weight curve and how to interpret the weights taken at each
appointment. This ended up costing us even more time to help them understand. Even now,
some are still struggling. As for interpreting X-rays, we again had to provide a great deal of
training to guide them, at least in the basics of reading radiographs.” (P. 9)

Community of practice

Initial implementation was characterized by considerable enthusiasm among frontline workers. As
implementation progressed, this engagement contributed to the consolidation of what several
participants described as a “community of practice” within health facilities:

“If you have a sort of community of practice, we have more people internally who know about
the TDAs and how they work and the nuances and stuff. We can help each other and grow
awareness on the importance of using them.” (P. 7)

According to participants, this community of practice was characterized by cross-disciplinary
collaboration and knowledge exchange between laboratory staff, clinicians, nurses, and sometimes



social workers. Coordination was often facilitated by the presence of a TB focal point, a designated
staff member responsible for overseeing TB-related activities within a health facility. This collective
effort was a significant improvement over the previous, more siloed approaches to TB diagnosis:

“Before the algorithm, people took their time to make a diagnosis to avoid acting too soon and
missing something. There was some hesitation, but now the fact that each time a full team was
present to support everyone else makes things easier than before.” (P. 8)

Different perceptions of implementation success

All stakeholder groups viewed the implementation of the TDAs positively. However, their perceptions
of success varied depending on context and professional role. MSF advisors and Epicentre researchers,
who tended to emphasize broader program indicators and systemic challenges, generally gave more
cautious assessments:

“I think it was more than we hoped for. From my point of view, the problem of pediatric TB being
taken as an important subject within MSF, especially diagnosis through the decision algorithms,
has brought more success in that area than | expected.” (P. 1)

In contrast, study coordinators and field implementers highlighted observable successes in day-to-day
practice, often linking perceived effectiveness to contextual factors such as human resource availability
in Nigeria or access to diagnostic tools in Guinea:

“In Maiduguri (Nigeria), implementation was very successful because there was an adequate
human resource component. With a good patient-to-doctor ratio, doctors had the time needed
to do the scoring.” (P. 14)

Additionally, the TDAs were regarded as valuable for raising the visibility of pediatric TB and for
prompting a broader re-examination of diagnostic pathways, particularly in settings where TB had long
been under-recognized.

“It's really amazing when you see the algorithm used in front of your own eyes, and you see a
child who probably wouldn't have been diagnosed get diagnosed because of the algorithm.
That's a powerful experience.” (P. 23)

Operational enablers and systemic constraints

Participants identified several key factors that enabled the successful implementation of the TDAs.
These included a favorable doctor-to-patient ratio, strong MSF support, adequate treatment provision
by the MoH, and the flexibility in applying either Algorithm A or B depending on staff skills and local
feasibility. Despite these enablers, participants highlighted that significant challenges remained.
Outpatient settings were consistently described as the most difficult environments for
implementation, largely due to structural and contextual barriers that hindered consistent TDA use:

“Most of these [outpatient] settings are usually remote from a healthcare facility within the
community... There, you don't have access to diagnostics [...]. There, patients have to go and
come back, maybe after one week. So in an outpatient setting, it is much more difficult to
implement.” (P. 14)
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In Guinea, children were seen exclusively in outpatient health centers. Although participants did not
explicitly report difficulties in these facilities, they noted that most frontline staff were nurses,
supported by doctors who oversaw activities and performed requested exams or radiography. Follow-
up in outpatient care was described as a particular challenge across contexts, due to scarce diagnostic
resources, geographic distance, and caregivers’ limited ability to return after discharge. For instance,
in Guinea, fewer than 5% of children returned for their second follow-up visit if they had been
evaluated through the TDAs but not started on treatment. Participants emphasized that the feasibility
of conducting more in-depth clinical evaluations was usually restricted to hospital settings, which
enabled better continuity of care and monitoring over time.

Beyond clinical and logistical constraints, participants identified several structural barriers that
influenced the implementation. High patient volumes often coincided with shortages of trained
clinicians, broken X-ray machines, and insufficient GeneXpert supplies. In Nigeria, for example, a
stakeholder described an almost stock-out of TB drugs within the first few months of the
implementation, while in Guinea, participants reported that frequent interruptions in pediatric TB drug
supply persisted despite MSF support.

In an outpatient center in Uganda, participants reported that the high workload sometimes forced
clinicians to revert to habitual practice rather than attempting to follow the full TDA:

“You find a clinician who has 30 patients in a queue, all with different health conditions, and
they're working towards finishing the queue... They might choose to push the TDA out. They will
then just do what they normally do in a typical clinical setting.” (P. 23)

According to the participants, high workload and human resources challenges make follow-up
particularly challenging. Some facilities had more than 400 admitted patients, with only one or two
focal persons responsible for monitoring all follow-up cases. In addition, parallel national guidelines
complicated coherence. Among the South Sudan staff, this created confusion and inconsistent
application of both the national guideline and the WHO TDAs.

Theme 2. Variability in TDA use: professional expertise, limited guidance, and decision-
making under constraints

TDA use is shaped by professional expertise

Across sites, participants emphasized that healthcare workers’ clinical background and level of training
strongly shaped how the TDAs were applied in practice. Stakeholders highlighted that clinicians,
nurses, and community health workers used the algorithms in distinct ways that reflected both their
diagnostic experience and their professional background. The TDAs were widely described as decision-
support tools rather than replacements for clinical judgment. Clinicians often used it as a secondary
check to confirm diagnoses reached through clinical reasoning, drawing on their broader diagnostic
capacity and ability to weigh alternative diagnoses before considering TB, in contrast with nurses of
other clinical workers:

“In reality, it’s [TDA] meant to be a decision-support tool, something that should help broaden
clinical thinking so as not to miss tuberculosis. That’s really the purpose of the algorithms.” (P.
14)

11



“A clinician has many possible diagnoses in mind and knows a lot of clinical presentations that
can look like tuberculosis. You can see the difference compared to nurses, who don’t have that
kind of background to distinguish between TB and other similar conditions.” (P. 10)

Several participants noted that implementation was easier in settings where staff had a strong medical
background. Nurses were described as relying more heavily on the TDA as their primary diagnostic
frame, sometimes interpreting scores more rigidly or hesitating to initiate treatment when test results
were negative. Stakeholders expressed concern that this reliance was problematic, given the TDA's
strong dependence on clinical signs and symptoms. Imprecise history-taking was considered
particularly influential, as it could push scores above the treatment threshold even in the absence of
TB. These challenges were especially pronounced in outpatient settings where community health
workers were responsible for applying the TDAs, reflecting more limited clinical training and
experience:

“When you’re dealing with staff who have a strong medical background, it’s easier to implement.
For example, with doctors, it’s much easier compared to when you’re implementing it in a
community setting with community health extension workers whose medical knowledge is not
as strong. If that level of knowledge isn’t there, it becomes much more difficult to use the
algorithm and to assign specific scores. In such outpatient settings, where community health
workers are often the ones doing the consultations and running the ATFC program,
implementation is harder and requires continuous, on-site training and mentoring.” (P. 14)

Due to differences in clinical training, nurses were primarily trained on Algorithm B (without CXR),
enabling them to focus on the clinical signs and symptoms:

“For nurses, the focus is really on Algorithm B. They are meant to work with Algorithm B, while
Algorithm A is something more specific to doctors. You really need the right [clinical] background
to be able to use Algorithm A.” (P. 8)

However, participants observed that in some settings, persistent staff shortages regularly pushed
clinicians’ responsibilities onto nurses, including CXR interpretation and treatment initiation. Although
clinicians usually made the final treatment decisions, in settings or situations without clinicians, nurses
were reported to implement both algorithms independently:

“It’s the nurses who are on the front line of care, especially in peripheral settings. The main
concern, however, relates to clinical accuracy, particularly their ability to make differential
diagnoses. For instance, a child might have a score above ten but also show clear signs of another
condition that the nurse may not recognize. In such cases, they might diagnose TB instead,
leading to an error. That’s why we have relied heavily on the existing referral system.” (P. 10)

Understanding and applying the TDAs in practice

Across stakeholder groups, the algorithm itself was generally described as conceptually
straightforward and easy to understand. Several participants emphasized that the tool was simple in
design and, in principle, easy to apply:

“It was easy for doctors to use and to be able to actually make a diagnosis for TB in a child
without consultation.” (P. 18)

12



“I think it's not that the algorithm itself is complicated, it’s that implementing it is complicated
because of all these different stages that it has. But it is in and of itself actually quite a simple
tool.” (P. 21)

However, participants consistently noted that applying the TDAs in practice was not always equally
straightforward. While some users found the tool easy to navigate after training, others reported that
consistent and confident use required considerable time and repeated training:

“It took a lot of time to get used to the idea, and this was not a very straightforward tool just
because it's an algorithm. It takes more time or training and so on.” (P. 5)

These experiences reflected differences in clinical background, workload, and implementation setting,
including variation in diagnostic capacity, staffing composition, and the patient populations served
across sites. In complex or high-volume environments, practical application was often more
challenging. As a result, perceived ease of use varied considerably across contexts.

Even when the algorithms were well understood, integrating them into routine practice proved
difficult. According to participants, the TDAs were designed to guide and structure clinical reasoning;
however, in practice, unclear entry criteria and broad case definitions sometimes created uncertainty
about when and how to apply them. In Niger, this ambiguity eventually led some clinicians to stop
using the TDAs altogether:

“The doctors, at some point, stopped using them [the TDAs] because they became confused
about what the algorithm was for: whether to use it as a treatment decision tool or to
understand which patient needs investigation.” (P. 14)

Another challenge was related to scoring based on signs and symptoms, which depended heavily on
the accuracy of caregivers’ accounts and the medical staff’s observations. Participants emphasized that
inconsistencies in reported symptom duration or type were common and directly affected scoring
reliability:

“It’s still very hard... to have good information from the caregivers, especially the issue of the
duration... First, they say the fever is one day, ask again, and it becomes fourteen.” (P. 17)

Participants explained that this lack of clarity was particularly problematic for symptoms that were
recurrent or episodic rather than continuous. In such cases, it was often unclear how symptom
duration should be interpreted and scored, for example, whether duration should be counted from
the first occurrence, the most recent episode, or cumulatively across episodes. Participants further
noted that the non-specific nature of certain symptoms, which often had multiple possible causes,
compounded this challenge. For instance, sweating could reflect hot environmental temperatures,
fever, or night sweats, making accurate scoring dependent on careful interpretation of the clinical
history. Despite repeated training and mentoring, participants reported that applying the signs-and-
symptoms scoring component remained challenging in practice.

Lack of guidance
All stakeholder groups noted that the TDAs offered minimal operational guidance on several aspects
of the algorithms, with one participant referring to it as “one tool with too few instructions.” This

13



included a lack of guidance on when to choose Algorithm A versus B in settings with CXR availability
but constrained diagnostic capacity, as well as how to define signs and symptoms within the scoring
system in specific situations, such as episodes of recurrent fever:

“You'll see a child without fever for some days, and then they start to have fever again. Should
we consider this fever as a continuation of the previous one, or is this one a new onset fever? We
agreed to use 48 to 72 hours. If it's been more than 72 hours, then let's consider it as a new fever,
but if it's less than that, then let's consider it as a continuation and score the patient. These
[definitions] are also not very clear in the WHO guidelines.” (P. 17)

Participants also reported limited guidance on how to define “TB contact”. In Nigeria, this definition
was broadened to include any household member currently undergoing TB treatment, acknowledging
the limited availability of bacteriological confirmation in these contexts. Participants further described
limited guidance regarding the relative weight the TDA should carry in final clinical decision-making:

“I notice differences in how the projects perceive what the algorithm is telling them. In some
places, they take it as gospel. They're like ‘OK, this is the score, so he must be on TB treatment’
and | think in Maiduguri, there is more of that bent.” (P. 3)

While clinicians often combined algorithmic recommendations with their own clinical judgment, in
some settings the TDA was applied more rigidly. In South Sudan, where loss to follow-up was common,
medical staff frequently initiated treatment based solely on a high score:

“If the score is high and results are negative, we start anti-TB; otherwise, the child may never
come back.” (P. 17)

Fear of overtreatment

Concerns about overtreatment further shaped how the TDAs were applied in practice. Several
stakeholders reported a persistent “test-first” norm in MoH-run facilities, particularly among nurses
who had not yet received TDA training and clinicians in tertiary referral institutions. In these settings,
treatment initiation was often delayed until bacteriological confirmation, typically via GeneXpert, was
obtained, even when the TDA score was high. Hesitation to rely solely on the algorithm reflected
concerns about initiating unnecessary treatment. Concerns about potential overtreatment partly
underpinned this cautious approach:

“Few nurses were sometimes doubtful about starting the TB treatment when the results were
negative. They were thinking ‘we are going to treat many, many patients although the results
are not confirmed’.” (P. 16)

According to the participants, some clinicians, particularly when managing children with SAM,
expressed concern that initiating treatment based solely on a numerical score could expose these
patients to unnecessary drug toxicity. Similar concerns were reported in some referral centers or
hospitals, where algorithm-based TB diagnosis in children was occasionally questioned or rejected.

Caregiver perceptions and stigma

Caregiver perceptions also influenced the use of the TDA, according to the participants. In South Sudan,
it was reported that some caregivers initially declined treatment until a counsellor explained the
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regimen in more detail:

“What we do normally when the parents refuse treatment because the results were negative,
but the score was high, the patient is in the high-risk group, and the clinical signs suggest that
this patient could have TB, is to refer them to the counselor. They [the parents] will then have a
session with the counselor for them to understand exactly why we want to treat the child. In the
end, they usually accept.” (P. 16)

Additionally, stigma made caregivers reluctant to discuss household TB exposure, which complicated
the use of the TDAs and lengthened consultations. As a result, staff often described the TDAs as time-
consuming, particularly in settings that were already short-staffed.

Theme 3. Context-specific adaptations of eligibility criteria, access to diagnostics, and
timing under systemic constraints

Eligibility for the TDA

The TDAs were implemented across five diverse contexts, ranging from urban outpatient centers to
remote inpatient therapeutic feeding centers, each serving distinct populations. Participants noted
that defining eligibility for the TDAs was particularly challenging in settings with food insecurity or large
nutritional programs, such as Niger, Nigeria, and South Sudan. Prior to their introduction, TB symptoms
were often overlooked or attributed to malnutrition, contributing to delays in diagnosis and treatment.
However, participants emphasized that in these contexts, it was neither operationally feasible nor
medically appropriate to evaluate all children presenting with SAM using the TDAs. The idea that all
children with SAM should be evaluated using the TDAs was widely regarded as too broad:

“We had a lot of discussions with the field about the feasibility of specific aspects of the TDAs for
a malnourished population; about how we define presumptive TB for those children entering the
algorithm. So those were our two main challenges: How do we define presumptive TB for children
with malnutrition? What criteria should we use? And should we be applying a score to this high-
risk cohort immediately on day one of their admission to the feeding center?” (P. 21)

One participant explained how, in settings where malnutrition is endemic and driven by structural and
seasonal factors, classifying every hospitalized child with SAM as presumptive TB, as was done in Niger,
placed additional strain on services that were already overburdened:

“Take countries like Niger, where malnutrition is highly endemic and linked to many factors
everyone knows... economic, climatic, and others. So, the question is, compared with countries
where malnutrition is not common, isn’t defining malnutrition itself as ‘presumptive TB’ far too
broad? Unfortunately, that’s exactly what happens.” (P. 14)

Participants from Niger reported that this broad eligibility criterion (children with SAM) diverted
limited resources toward children unlikely to require TB evaluation, while those most in need risked
not being assessed, as the universal application of the TDAs was neither feasible nor sustainable. These
challenges made it difficult for teams to define or prioritize which children should be assessed using
the TDAs.
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Therefore, several sites introduced additional criteria to help determine who should be investigated.
For instance, in Nigeria, presumptive TB in children with SAM was defined as those with additional
symptoms such as cough or fever for a specified duration or not responding to nutritional treatment.
In South Sudan, children with SAM and cough or fever, irrespective of the duration, or those not
responding to nutritional treatment, were eligible for evaluation using the TDAs. In Niger, all children
hospitalized with SAM were initially considered eligible. However, after approximately a year and a
half, additional criteria were introduced to identify those requiring assessment using the TDAs:

“According to the WHO algorithm, being SAM alone means you are already eligible for scoring.
But this is not pragmatically possible... During peak periods when many malnourished children
are admitted, it is operationally unfeasible to screen all of them... so we applied a second
screening among the cases to identify who needs to be scored with the algorithm to make it
feasible. For this, we used symptoms of cough, fever, non-responsiveness , and contact with the
TB case.” (P. 14)

In contrast, sites operating in general health centers or hospitals, such as in Guinea and Uganda, did
not report difficulties in defining eligibility because fewer children presented with SAM.

Operational adjustments within the algorithm

Once children were deemed eligible and entered the TDA, field teams encountered additional
challenges in operationalizing the subsequent steps of the algorithm. These challenges were most
pronounced in settings with high caseloads, limited diagnostic capacity, or both. In Niger, participants
highlighted the importance of establishing clear criteria to determine which children should receive a
CXR and, therefore, be evaluated with Algorithm A, as opposed to those assessed with Algorithm B.
This clarification was necessary as the facility’s capacity to perform CXRs could not accommodate all
eligible children:

“Even when radiography is available, it cannot programmatically handle all these children. So
we had to establish filtered criteria to decide which children should actually be evaluated with
the algorithm and who should receive an X-ray.” (P. 10)

Additional operational adjustments across sites included asking about household TB contact earlier in
the process (Nigeria) and redefining ‘history of TB contact with a confirmed case’ to include contact
with any person currently on treatment in situations where bacteriological confirmation was often
unavailable, as was the case in Nigeria.

In contrast, the Ugandan sites, where TDAs were implemented among a general pediatric population
rather than in a nutritional center, did not face comparable constraints. According to the study
coordinators, the clinical context and population in Uganda aligned more closely with the assumptions
underpinning the TDA and therefore required less operational adaptations.

Another component requiring adaptation was the timing of scoring. While the TDAs recommend that
high-risk children be scored on the first day, participants explained that this was often not feasible or
medically pertinent. Scoring was frequently delayed by three to seven days to allow for clinical
stabilization, to rule out differential diagnoses, or due to logistical constraints such as awaiting CXR or
GeneXpert results. Workload pressures during peak seasons also contributed to delayed scoring:
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“But when we see what the differential diagnosis could be... we give it a bit of time to treat the
differential diagnosis. If we see that we are halfway into treatment and the child is not improving,
then we can consider that score to start TB treatment.” (P. 17)

“There were quite strong opinions from many of the clinical staff in the facility, both international
and national staff. About why applying a score on the first day would be challenging, not only
from a kind of feasibility point of view during a peak season of mass starvation, but also related
to whether that was clinically appropriate or not for those children.” (P.21)

South Sudan presented a counterexample. While the TDAs recommend treating for non-TB conditions
first and reviewing the child in 1-2 weeks, the highly mobile, conflict-affected population necessitated
that staff score and collect samples for testing on the first day, for both children not at high risk and at
high risk, to prevent loss to follow-up. If initial laboratory results were negative but the score remained
high, treatment was initiated:

“We do miss some of the children because they are not coming for follow-up. Since people here
in Malakal are moving a lot, if you just make an appointment for the patient to come after seven
days, this patient does not come back. Some of them come later, after one month, and [then]
the condition changed completely. The condition would deteriorate, so that's why we decided to
score these patients at first day to avoid the issue of missing the patient.” (P. 16)

Clinical presentation further shaped decisions on when to apply the score, and this varied across sites.
According to the participants, children with SAM and long-standing symptoms were often scored
immediately at admission, whereas those with more recent symptom onset were first treated with
broad-spectrum antibiotics. If symptoms persisted after four to seven days, scoring was conducted.
Field staff described this staged approach as a way to avoid overdiagnosis and unnecessary drug
exposure. Although the duration criteria and waiting periods differed across settings, most sites
reported similar adaptations.

Theme 4. Sustaining TDA Use: Perceptions and Preconditions

Long-term integration into routine practice

Stakeholders described the integration of TDAs into routine clinical practice as a gradual, evolving
process rather than a single, defined endpoint. Several respondents emphasized that successful
institutionalization requires time, reinforcement, and alighment with existing clinical norms and
workflows:

“It is a circular and kind of ongoing process over time. And | think that probably does take years
to embed something in the consciousness of a clinical institution.” (P. 19)

Across countries, stakeholders agreed that the TDAs provided a standardized and structured tool that
promoted a more unified approach to diagnosing pediatric TB for long-term use:

“Previously, it took some time for one to suspect TB. Before people thought of TB only after two
weeks of failed antibiotics; now it is considered at admission, and we can confirm within two
weeks.” (P. 17)

17



However, confidence in the TDA’s long-term integration into routine practice varied considerably
across stakeholder groups. MSF advisors, speaking from a multi-country viewpoint, were more
optimistic that the TDAs would be integrated “in one form or another.” By contrast, study coordinators
and field implementers assessed sustainability within their specific settings and expressed greater
caution.

In Uganda, the MoH had instructed facilities to revert to the diagnostic protocols used prior to TDA
implementation. Until national guidelines formally incorporate the 2022 WHO TDAs, healthcare
workers are required to follow the existing protocols. While this policy currently limits TDA use, some
participants acknowledged the possibility of future adoption. “Not all hope is lost yet.” remarked one
participant, expressing cautious optimism (P. 23).

By contrast, staff in Niger and Nigeria were confident that the TDAs would be used long-term if the
context does not change, highlighting the MoH's commitment and secured funding for continuation.
In South Sudan, however, sustainability was perceived as unlikely under current conditions:

“IWhat’s needed is] having the good infrastructure, a good structure, good tools. And these
things are all lacking within the MoH system so far in terms of from the perspective of the MoH.
| don't see the sustainability at the moment.” (P. 16)

Across settings, participants emphasized that even successful TDA uptake can collapse without
systemic embedding and long-term resource allocation (summarized in Table 3). This reinforces the
importance of proactively planning for sustainability rather than assuming it will occur organically.
Participants also stressed that frontline healthcare workers are best positioned to understand
operational realities and, therefore, must be central to any long-term strategy. As several stakeholders
explained, sustainable integration will depend on ensuring the algorithm is consistently applied across
broader service delivery structures:

“We need to find ways to integrate the algorithm into either nutrition programs or regular
outpatient care, and ensure that we’re following up as the algorithm states that we should. We
haven’t seen many good examples of implementation or clear successes with that yet, and | think
that’s something we need to look at more closely in the future.” (P.3)

Table 3. Determinants of Sustainability of the WHO TDAs: Enabler, Risk, and Illustrative Quotes

Determinant Contribution to long-term use
Gives the TDA legal status,
secures a budget line, and

requires facilities to continue

Vulnerability if missing
Facilities revert to pre-
existing routines as soon as
the research or MSF-

lllustrative quote

Formal inclusion

in national TB Until this is put in policy, | don’t

see sustainability.” (P. 18)

I
poficy using it. supported project ends.
“When treatments are not

Availability of Conti ly of GeneXpert . .

val .I " on !nuous SUPPIy © .e.ne per TDA cannot be effectively available and you use TDA and
essential cartridges, X-ray capability, and . . . ,
diagnostics and ediatric TB drugs sunports TDA applied and risks losing there's no access for treatment,

8 P €5 supp clinical relevance. the use of the TDA in itself is

treatment use.

threatened.” (P. 21)

Ongoing training
and curriculum
integration

Including the TDA in fundamental
healthcare worker courses and
providing regular refreshers to
counteract high staff turnover.

New medical staff have
little to no knowledge of
the TDAs, and their use

declines.

“Training of providers should be
more like a countrywide training
because of turnover.” (P. 23)
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Alignment of
referral partners

District hospitals and NGOs
accept TDA-based diagnoses of
TB, ensuring treatment and
maintaining continuity of care.

Primary-level decisions are
overturned, and confidence
in the TDA goes down.

“In projects where MISF doesn’t
manage TB, we have another
partner who has another
understanding of the TDA ... We
have to discuss a lot to find an
agreement.” (P. 2)

Integration into
existing child-
health services

Embeds TDAs in nutrition, HIV,
and outpatient workflows,
making it a routine rather than
an ‘extra’ task.

Parallel, uncoordinated
protocols create
duplication and fatigue.

“These activities need to speak
to each other: nutrition, HIV,
and TB.” (P. 5)

Presence of a TB

Designated focal person tracks
TDA use, organizes refresher

Uptake decreases during
medical rotations or

“After we appointed a focal
nurse, the use of the algorithm

Focal Point i d dinat .
ocal Foin sesr5|.or15, and coordinates periods of peak workload. went up.” (P. 17)
activities.
. Transitional mentorship and . " .
Sustained Supply chains and If MSF hands the project over

engagement of
external partners

commodity support from MSF,
WHO, or other NGOs to bridge
the gap to full MoH ownership.

supervision collapse when
the sole donor leaves.

to the MoH, | don’t see the
algorithm lasting.” (P. 2)

Capacity building
and basic
resources

Adequate staffing, functioning
equipment, and safe access allow
every step of the TDA to be
executed.

Gaps in medical staff,
broken machines, or
insecurity impede
implementation.

“The MoH system lacks trained
staff, infrastructure, and tools.”
(P. 16)

Flexibility of the
tool

Ability to switch between
Algorithm A and B and adapt
entry criteria and algorithms’
steps keeps the TDA workable in
diverse contexts.

A rigid protocol becomes
unusable when diagnostics
or staffing change.

“What’s important is its [the
TDAs] flexibility to adapt to
contexts. Feasibility and
acceptability are essential.” (P.
14)

Safety issues

Stable security enables staff
retention, patient access, and
safe, uninterrupted transport of
samples, drugs, and patients.

Clinic closures, disrupted
supply chains, treatment
interruption, and
suspension of TDA use.

“We had to evacuate our
implementer from South Sudan,
because they bombed the
project.” (P. 4)

Advocacy emerged as the critical link between technical success and institutional uptake. According to
participants, sustained advocacy keeps pediatric TB on the national agenda and helps secure dedicated
budget allocations rather than relying on time-limited project funding. In this way, advocacy functions
as a cross-cutting mechanism that translates local evidence into system-level commitment and
reinforces the broader conditions necessary for long-term sustainability.

Stakeholders’ Recommendations to the WHO

Stakeholders offered a series of context-specific and practice-oriented key recommendations to the
WHO for strengthening TDA implementation and sustainability, from providing clear practical
implementation guidance to strengthening training and fostering national collaboration and program
alignment. To reflect the level at which actions are required, recommendations were grouped into
operational strengthening measures and policy and system integration actions (Table 4). These
recommendations were closely linked to broader factors identified as essential for long-term
sustainability and routine integration of the TDAs.

Table 4. Key Stakeholder Recommendations to the WHO on the TDAs, grouped by operational strengthening and
policy/system integration.

Recommendation Description Illustrative quote

Operational Strengthening
A key recommendation was the need for
clearer, more practical operational guidance.

“I think what would be really useful is
to be able to clarify areas of clinical

Provide Clear Practical
Implementation Guidance
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Stakeholders noted that current WHO
guidance lacks sufficient detail for use in
resource-limited, high-volume settings. They
called for more context-specific instructions to
support healthcare workers in implementing
the TDAs.

uncertainty about how these
algorithms should be used specifically
for certain groups and in certain
situations.” (P. 21)

Provide Detailed Guidance
for Contextual Adaptation
of TDAs

There was a strong call for more detailed
guidance on adapting the TDAs to specific
epidemiological and operational contexts.
Participants reported that national programs
are often uncertain about how to adjust
implementation in settings with high rates of
food insecurity, HIV, or SAM.

“It doesn't need to be a one-size-fits-
all thing. It just needs some guidance
on how to adapt better because | see
how the national programs struggle to
adapt these algorithms, and they need
more guidance.” (P. 4)

Strengthen (Refresher)
Training

The need for ongoing, context-responsive
training was widely discussed, particularly
given the limitations of one-off settings with
high staff turnover. Stakeholders
recommended regular refreshers, supported
by practical tools such as manuals, visual aids,
and case-based examples.

“What is needed is guiding the person
who will be using the algorithm.
Whether it’s through theoretical
guidance or maybe self-training or
materials... This has to be reinforced at
the start.” (P. 20)

Ensure Comprehensive
System Support for
Implementation

Participants emphasized implementing TDAs as
a complete package rather than a standalone
guideline. Essential inputs (e.g., GeneXpert,
HIV tests, CXR, drugs, and funding) were often
unavailable or inconsistent, prompting calls for
improved forecasting and supply planning to
ensure continuity.

“And when it comes to thinking about
sustainability, it’s really important that
all these tools, all these packages, are
made easily accessible, In terms of
accessibility, things need to be made
easier.”(P. 8)

Policy and System Integration

Broaden the Focus Beyond
Diagnostic Tools

WHO'’s guidance was seen as placing
disproportionate emphasis on diagnostic tests,
with insufficient attention to the broader
clinical process of diagnosing TB in children.
This tool-centric focus risks excluding children
in contexts where confirmatory tests are
inaccessible, unreliable, or inappropriate.

“It has to be about diagnosis and not
about diagnostic tests. Otherwise,
you're excluding children and other
people. And this also relates to how
it's perceived in WHO.” (P. 1)

Integration into curricula
and national training
packages

Stakeholders recommended embedding the
TDAs within pre-service curricula and national
training packages to normalize their use,
reduce reliance on project-based training, and
reinforce the TDAs as routine care rather than
an additional task.

“It would be normal if people learn
about the TDAs during their studies, so
it’s not considered new anymore. If
everyone has already encountered
them in training, they can see them as
a normal part of care rather than
something extra.” (P. 6)

Validate, Operationalize,
and Advocate the TDAs

Participants called for the WHO to rapidly
analyze and validate implementation data from
TDA use across diverse contexts to refine the
TDAs and update guidance. Stronger advocacy
was also seen as necessary to support visibility
and institutional uptake.

“What remains to be addressed is the
support. Are there ways to advocate
for or attract additional partners to
support the program, especially to
improve pediatric care? That’s really
the big question.” (P. 9)

Foster National
Collaboration and Program
Alignment

Stakeholders recommended stronger
collaboration between WHO, MSF, and MoH
(e.g., technical working groups/TB clusters),
and better alignment with related programs
such as pediatric nutrition and HIV care to
improve coherence across guidance and
implementation.

“[A recommendation is] the
collaboration between MSF and the
WHO to have something like a TB
cluster to have regular meetings with
the MoH to discuss this [TDAs].” (P. 2)
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Discussion

This multi-country qualitative study examined how key stakeholders perceived the implementation,
use, adaptation, and sustainability of the 2022 WHO TDAs for pediatric pulmonary TB across five
diverse settings. Stakeholders valued the TDAs for strengthening clinical reasoning and fostering
collaboration among healthcare teams, but emphasized that feasibility and consistent use were
shaped less by algorithm complexity than by the patient populations served and the type of setting,
alongside interacting contextual and systemic constraints. These included limited operational
guidance, workforce capacity and workload, uneven diagnostic capacity, and broader structural health
system conditions, which often necessitated adaptations. These findings underscore that achieving
sustainable impact will require clear operational guidance and continued capacity strengthening,
alongside stronger integration into routine care and national policy and health system structures.

Context, implementation, and adaptation

Differences in epidemiology, health system capacity, and political support between the settings
fundamentally shaped how TDAs were interpreted and operationalized. These contextual variations
prompted local reinterpretation to better align with realities on the ground. And ensured that TDAs
remained workable under systemic constraints. Similar findings have been documented in other low-
resource settings, where global diagnostic criteria often require local translation to remain feasible
(22,23). Implementation was further constrained by supply chain gaps, such as broken X-ray machines
and GeneXpert stockouts, which have similarly been shown to stall otherwise well-designed TB
initiatives (24,25). Together, these challenges reinforced stakeholders’ recommendations that the
WHO provide more integrated, end-to-end diagnostic planning to apply the TDAs in practice.

Across most sites, teams introduced context-specific adaptations, particularly in nutritional
settings where food insecurity and a high prevalence of SAM shaped both eligibility decisions and
operational feasibility. This mirrors findings from other low-resource contexts in which healthcare
workers adapt inclusion criteria and workflows to manage high caseloads and logistical constraints,
including informal triage to prioritize children most likely to benefit from TB evaluation (26,27). While
these adaptations improved usability, they also introduced variability in the application of TDAs across
settings. Recent literature on implementation fidelity highlights that while adaptation is necessary for
feasibility, it can risk undermining consistency and comparability (28). Stakeholders therefore
emphasized the need for structured guidance to support context-specific modifications without
compromising the integrity of the tool. Without such structured flexibility, the intended benefits,
including standardization, equity, and improved pediatric TB case detection, may not be fully realized
(28).

Uganda was a notable exception, with participants reporting little need for adaptation. This
may reflect a closer alignment between the TDA and the characteristics of the population and service
delivery setting in which it was implemented, as the algorithm was used within a general pediatric
health facility rather than a nutritional program. The comparatively lower caseload of malnourished
children and fewer diagnostic constraints in this setting likely contributed to smoother
implementation, reducing the need to adjust how the algorithm was applied in practice.

Mechanisms of Impact
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The emergence of communities of practice following TDA implementation was a key enabler of uptake,
supporting shared learning and collaborative problem-solving. This aligns with the theory of social
learning and prior TB implementation studies emphasizing the importance of team-based support
systems in sustaining quality improvement efforts (29,30).

In addition, while the TDAs themselves were generally perceived as clear tools, several
stakeholders emphasized the need for additional guidance on specific elements, particularly symptom
definitions and the distinction between identifying presumptive cases and making diagnostic decisions.
Across settings, challenges in TDA use were framed less as issues of algorithm complexity and more as
difficulties in achieving consistent interpretation and application across settings and cadres with
varying levels of clinical training. Stakeholders echoed concerns raised in previous studies about the
risk of overtreatment or missed diagnoses when healthcare workers are expected to make decisions
that extend beyond their clinical training (31). Another study reported similar discordance between
TDA recommendations and clinician judgment, often linked to non-specific presentations and limited
access to confirmatory diagnostics such as CXR (32). They also highlighted the importance of
considering healthcare workers’ clinical competencies, such as conducting specific diagnostic steps or
interpreting CXR results, when implementing diagnostic tools (32). In the present study, such concerns
were partially addressed by prioritizing training on Algorithm B for nurses.

Caregiver response also shaped the effectiveness of the TDAs. In several settings, stakeholders
described initial reluctance to initiate treatment, linked to fear, stigma, or limited understanding of
pediatric TB, consistent with earlier findings (27). Such responses were reported to hinder timely use
of the TDAs, particularly where counselling capacity was limited.

A further influence on impact was the shift in clinical reasoning prompted by the introduction
of the TDAs. Prior to implementation, participants reported that TB was often considered only when
symptoms became advanced. The implementation of the TDAs functioned as cognitive prompts,
encouraging clinicians to consider TB earlier in the diagnostic process. This finding aligns with wider
implementation literature demonstrating that decision-support tools can reorient diagnostic thinking,
particularly when accompanied by training and team support (33).

Maintenance

Stakeholders consistently emphasized that the long-term effectiveness and sustainability of the TDAs
depend on integration into broader health systems and policy frameworks. Participants noted that
improved case detection must be matched with adequate availability of pediatric TB medications,
diagnostics, and adequate human resources to ensure treatment and avoid system overload (34,35).
Without such systemic support, the TDAs risk remaining vertical, project-based interventions with
limited sustainability (36).

Participants identified several preconditions for sustained TDA use and integration into routine
practice, including clearer theoretical and practical guidance, integration into routine child health
services, strengthened resource mobilization, and the validation, operationalization, and advocacy
needed to secure political and financial buy-in (37,38). This aligns with broader evidence that, without
formal policy anchoring and institutional support, even well-accepted tools are unlikely to be sustained
once external support is withdrawn (35,38). Together, these findings highlight that sustaining the TDAs
will require not only continued frontline engagement, but also longer-term structural investment,
policy adoption, and health-system strengthening.
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Strengths and Limitations

By foregrounding the voices of key stakeholders and providing a nuanced, multi-country analysis, the
study offers a comprehensive understanding of the operational realities of TDA use and
implementation in different contexts (39,40). The qualitative design enabled an in-depth exploration
of how TDAs are interpreted and adapted, capturing complexities and nuances that quantitative data
alone may overlook (39). In addition, multidisciplinary analysis strengthened internal validity, which
provided built-in triangulation and increased confidence that the themes are robust and grounded in
diverse perspectives (41). Finally, the study’s actionable, context-aware recommendations are
immediately relevant for policy and practice, as they are closely aligned with the constraints and
realities faced.

Several limitations should also be considered when interpreting these findings. The results are
context-specific and based on purposive sampling, which may limit their generalizability to other
settings or populations (42). The study was conducted in sites supported by MSF and Epicentre, where
additional resources and technical assistance may have been available. This may impact the
transferability to settings with fewer external resources (43,44). Social desirability bias may also have
influenced participants’ responses, as they may have been reluctant to openly critique aspects of TDA
implementation, particularly given that the focus groups were embedded within the broader TB ALGO
PED study that introduced and supported the TDAs (21,45). To mitigate this, we grouped participants
by professional role to promote open discussion within more homogeneous groups and reduce
potential power dynamics.

Future research

Future research should examine experiences with the TDAs after a longer period of routine
implementation. Longitudinal work would help clarify how stakeholders sustain TDA use over time,
how adaptations evolve, and which conditions support continued uptake once project support is
reduced or withdrawn.

Conclusion

This study found that implementation and use of the 2022 WHO TDAs for pediatric TB were widely
perceived as improving diagnostic practices and fostering collaboration among healthcare teams.
However, stakeholders highlighted persistent logistical, systemic, and resource-related barriers that
continued to limit consistent and effective use. Contextual adaptation emerged as critical to
operational feasibility across diverse settings, underscoring the importance of structured flexibility in
implementation. Sustaining long-term use remains a key concern, particularly where the TDAs are not
yet integrated into national policies and adoption by national programs is limited. To achieve durable
impact, efforts to scale and sustain the TDAs will need to extend beyond technical training and
infrastructure to include alignment with health system priorities, national policy support, and
meaningful local ownership.
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Appendix 1

Algorithm A: For settings with X-ray

Child <10 years with symptoms suggestive of pulmonary TE
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Treat most likely non-TB
condition(s)
Fallow-up in 1-2 weeks

¥
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Score signs and symploms and CXR features
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Signs and symptoms Chest X-ray
Cough longer than 2 weeks +2
Fever longer than 2 wesks +5 CavityiCavities
Lethargy +3  Enlarged lymph nodes
Weight loss +3  Opacities
Haemoptysis (cough up blood)  +4  Miliary Pattern
Night sweals +2 [Effusion
Swallen lymph nodes +4
Tachycardia +2
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Initiate appropriate TB treatment

27

+6
+17
+5
+15
+8

Do ot treat
with TB
Ireatment.
Follow-up
in 1-2
weeks.

ESUMA+SUM B 3 107 eeecececriecesinins



Algorithm B: For settings without chest X-ray

Child =10 years with symptoms suggestive of pulmonary TE

Presence of danger signs requiring  YES  Stabilize andfor ranster
A]gqrithm urgent madical care? as neaded

B M RETAIN o TRANSFER
Child <2 years old, living e
with HIV, andior severe ... el it
acule malnutrition
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v v
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ar Uitra), including in children living with HIV, urine LF-LAM, if available

¥
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