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ABSTRACT

Paediatric tuberculosis (TB) is often underdiagnosed in low- and middle-
income countries (LMICs) due to limited healthcare worker (HCW) capacity.
This review assesses the impact of HCW training on improving paediatric
TB detection and notification. A systematic search of international databases
from January 2020 to April 2025 identified studies on HCW training related to
paediatric TB diagnosis, notification, and HCW knowledge or confidence. Nine
studies from LMICs (Kenya, Indonesia, Egypt, China, South Africa) met the
criteria. Training formats included workshops and digital platforms, with most
improving HCWSs' knowledge and confidence. Five studies showed a 35-60%
increase in paediatric TB detection, while four showed improved notification,
particularly with training, supervision, and TB register use. Barriers included
poor internet access, staff turnover, and a lack of mentorship. Digital platforms
showed promise but required adaptation. HCW training improves paediatric
TB outcomes in LMICs, especially when incorporating interactive content,
supervision, and practical tools. Ongoing paediatric TB training should be
integrated into national TB programs.

Keywords: paediatric tuberculosis; healthcare workers; training; detection;
reporting.
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Introduction

Tuberculosis (TB) is a major global health issue, affecting an estimated 10.6
million people in 2022, including 1.1 million children under 15 years."
Paediatric TB represents a significant burden, especially in high-incidence, low-
and middle-income countries (LMICs). However, its detection and management

lag behind that of adule TB.1

Diagnosing TB in children is challenging due to non-specific symptoms,
paucibacillary disease, and frequent smear-negative results, leading to under-
diagnosis, delayed treatment, and preventable morbidity and mortality.?+¢*
Missed cases disrupt surveillance and hinder national TB control efforts.

In LMICs, healthcare workers (HCWs) outside TB programs often lack adequate
knowledge and confidence in diagnostic algorithms, contributing to misdiagnosis
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and under-reporting.®>**! Better training is needed to

improve early detection and reporting of paediatric TB.!**!

While traditional training methods like workshops and
mentoring are common, digital platforms and blended
learning approaches are becoming more popular, helping
overcome logistical barriers. For example, Indonesia’s
Plataran Sehat platform supports ongoing TB management
training for primary healthcare workers. Despite these
efforts, evidence on their impact is fragmented.!"*!*

Although reviews on general TB detection exist, few focus
on healthcare worker training for paediatric TB diagnosis
and notification. This review aims to assess the impact of
various training interventions (offline, online, or blended)
on paediatric TB outcomes and identify key training
types, delivery modes, and implementation challenges.

Method

We included studies assessing HCWSs training
interventions aimed at improving paediatric TB diagnosis
and reporting. Participants included general practitioners,
nurses, midwives, and community health workers. Eligible
interventions involved structured programs (workshops,
mentoring, e-learning, or blended formats). We considered
RCTs, quasi-experimental designs, cohort studies, and
before-and-after studies reporting on outcomes related
to diagnosis, notification, or intermediate outcomes
(knowledge, confidence, and skills). Only English-
language studies published between January 2020 and
June 2025 were eligible.

We searched PubMed, Scopus, Web of Science, Embase,
and Cochrane Library using keywords related to TB,
paediatrics, HCW training, and diagnostic outcomes.
Reference lists of relevant studies were screened. Two
independent reviewers screened titles and abstracts,
followed by a review of the full texts. Disagreements will
be resolved by consensus or a third reviewer.

Data extraction focused on study characteristics,
training formats, and outcomes (diagnosis, notification,
knowledge, confidence, barriers/facilitators).  Two
reviewers independently extracted data and assessed study
quality using Cochrane RoB2 for RCTs and ROBINS-I
for non-randomized studies. We grouped studies by
intervention type and delivery mode, with thematic
analysis of barriers and facilitators.

Results

Out of 121 records identified, 79 remained after removing
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duplicates. After excluding 27 studies, 9 were included
(Figure 1).

The studies, conducted in LMICs (Kenya, Indonesia,
Libya, Egypt, South Africa, Brazil), involved quasi-
experimental (3), RCTs (2), before-after studies (2), one
systematic review, and one qualitative study. Training
formats included workshops (5), e-learning (2), and

blended (2), with durations from 3 days to several weeks
(Table 1).

Seven studies evaluated paediatric TB diagnosis, with five
showing a 35%-60% improvement in detection.!'11214151¢]
Amare et al. (2023) reported a pooled relative risk of
1.60 (95% CI: 1.53-1.66) following training.!"® Several
studies have also shown an increased use of standardized
diagnostic algorithms. [

Six studies assessed the impact of training on TB case
notification, with four showing improved paediatric TB
reporting to national systems. Key enablers included
post-training supervision, TB registers, and mobile
tools.'""1311¢ Tn Kenya, training enhanced the use
of TBData4Action, leading to improved data-driven
responses.!”!

The number of subjects who met
the criteria during the first data
collection (n=122)

Not eligible for inclusion (n=22)
Patients with severe cognitive impairment: 15
Refused to participate: 7

Respondents in this study
(n=100)

Allocation

Wound documentation for 4 weeks
(n=100)

Respondents analyzed (n=100)

Figure 1. Flow diagram
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Table 1. Characteristics of included studies

Author (Year) Country Study Design Participants Training Type Key Outcomes
Angala et al. Kenya Quasi- TB coordinators In-person ‘M Notification, 1" Data use, |,
(2022) i experimental (n=331) workshops + field Training cost
practicals
Elbahloul et al. Libya Quasi- Nurses (n=100) Educational N Knowledge, attitude,
(2023) B! experimental module practice at 6 months
Madzinga et al.  South Africa Qualitative HCWs (n=24) TB management Barriers to IPC and
(2022) 14 training implementation
(unspecified)
Amare et al. Multi- Systematic review Multiple studies  Mixed (varied)  RR =1.60 for TB case detection
(2023) 13! country + meta-analysis
Elgazzar et al. Egypt Quasi- Nurses (n=36) Structured N Practice, 1* Self-efficacy
(2023) 2 experimental educational
program
Sianturi et al. Indonesia Interventional TB instructors OCB-based N Competence (p=0.001)
(2023) 1o study (n=60) training
Russo et al. Brazil Scoping review Not specified N/A Missed diagnosis opportunities
(2024) © in children
Chan et al. Indonesia Qualitative Physicians No formal Barriers to notification (private
(2025) B! (n=15) training sector)
Wang et al China Quasi- N=757 E-learning N TB knowledge, key
(2021) experimental programs for TB facilitators: content quality,

Six studies reported improvements in HCWs’ knowledge
and confidence in paediatric TB management post-
training.[**14!7) Elbahloul et al. (2023) observed a
40-point knowledge increase, lasting up to six months
reported a 40-point knowledge increase, lasting up to
six months," while Elgazzar et al. (2023) observed
improved self-efficacy in nurses."” Long-term retention
and behaviour change were inconsistently evaluated.

Five studies identified barriers and facilitators.!'0-12141¢]

Barriers included staff turnover, time constraints, poor
internet, and lack of post-training support, while
facilitators included strong leadership, integration into
child health modules, and localized mentorship. Chan et
al. (2023) noted gaps in private sector reporting and the
need for policy-driven support.!

Discussion

This review underscores the importance of HCWs training
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barriers: content difficulty,
relevance, and hardware
limitations

in improving pediatric TB detection and notification,
addressing a significant gap in global TB control. Nine
studies showed that training, whether via workshops,
blended formats, or digital platforms, consistently
improved HCWSs' knowledge, confidence, and TB

outcomes [5,6,10-13,15,16]

Our findings align with global evidence that enhancing
HCWs competencies is critical for addressing pediatric
TB under-diagnosis and underreporting, particularly
in resource-limited settings. Notably, several studies
reported substantial improvements in TB detection rates
after targeted training, with Amare et al. reporting a 60%
increase.!'>!>1)

Outcomes varied due to differences in training methods,
duration, and local factors like pre-existing skills and
available diagnostic tools. However, interventions
with post-training mentorship or supervision were
more successful in  translating knowledge into
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10121315161 emphasizing the need for ongoing

10,11,13]

practice,®
support to sustain improvements.!

Digital and blended training models showed promise,

g g p

particularly in Indonesia and Kenya,"*' but challenges

like poor internet access and low digital literacy remain.
g cy

Success depends on offline support and continuous

p PP
technical assistance.[!®11:13.10]

While all studies showed immediate improvements in
HCW knowledge and confidence, few assessed long-
term outcomes. Only Elbahloul et al." evaluated impact
beyond six months, highlighting the need for longitudinal

research to explore the sustainability of training effects.

For national TB programs, integrating paediatric TB
training into continuous professional development and
ensuring ongoing supervision are crucial to closing the
paediatric TB reporting gap. Monitoring training outputs
and case detection rates will help refine programmes.5%!!

This review’s strengths include a comprehensive search
strategy and robust evaluation, though limitations
include study heterogeneity and short-term focus.
Future research should compare training models, assess
cost-effectiveness, and investigate impacts on treatment
outcomes. Qualitative studies, like those by Chan et al."”
and Madzinga et al,"¥ could provide valuable insights into
the sustainability of these interventions.

Conclusion

This systematic review highlights the positive impact of
healthcare worker training on paediatric tuberculosis
detection and notification in low- and middle-income
countries. The training methods most effective in
improving HCWSs knowledge and clinical practices
incorporated interactive content, supervision, and
practical tools. Future research should focus on long-term
sustainability, cost-effectiveness, and the role of structural
and behavioural factors in enhancing training uptake and
outcomes.
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