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Introduction: Over 14.5 million infants remain unvaccinated globally, predominantly in low- and middle-
income countries (LMICs), where health system gaps and inequities impede progress toward the Immu-
nisation Agenda 2030.

Objective: This scoping review synthesised health system strengthening strategies aligned with the WHO
Health Systems Framework to enhance vaccine uptake among children under two years of age in LMICs.

Keywords: Methods: Following the PRISMA-ScR guidelines, six databases were searched until January 2025.
Strategies Results: Of 2897 records, 53 studies met the inclusion criteria: 54.7% from lower-middle-income and
Children

41.5% from low-income countries, with 81.1% being community-based interventions. The mean interven-
tion duration was 39.3 months (SD = 62.1). Health information systems (83.0%), leadership and gover-
nance (79.2%), and service delivery (60.4%) were the most frequently targeted, while the health workforce
was the least addressed (35.8%). The key strategies included data monitoring (88.7%), coverage tracking
(86.8%), and data-driven decision-making (86.8%). Community-centred, data-informed interventions im-
proved service accessibility (67.9%) and quality (41.5%).
Conclusion: Multiple interventions addressing multiple WHO building blocks have demonstrated bet-
ter outcomes. Strengthening workforce capacity, adopting an integrated health system approach, and ad-
dressing financing barriers are essential for achieving the Global Immunisation Agenda 2030.
© 2026 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Vaccine uptake
WHO Health System
LMICs

Introduction

Globally, one in five children lack access to routine immu-
nisation programmes. Vaccines prevent an estimated 3.5-5 mil-
lion deaths annually [1] and are projected to avert over 50 mil-
lion deaths between 2021 and 2030. Despite successful global
programs, nearly 14.5 million children worldwide miss essential

* Registration: This scoping review was registered with the Open Science Frame-
work (OSF). The registration details are available at https://doi.org/10.17605/0OSEIO/
M3WUK.

* Corresponding author: Dr. Saima Afaq, Department of Health Sciences, Univer-
sity of York, Heslington East, York YO10, UK.

E-mail address: saima.afag@york.ac.uk (S. Afaq).

https://doi.org/10.1016/).ijid.2026.108376

routine vaccines, with the majority residing in LMICs [2,3]. Post-
COVID-19 pandemic, an additional 2.7 million children under 1
year received no routine vaccines, the “zero-dose” children, where
health system gaps and inequities impede progress toward the
Immunisation Agenda 2030 [4]. This alarming situation in rou-
tine vaccination rates continues to pose significant global health
challenges, with coverage remaining suboptimal particularly in
resource-limited settings [5].

Most zero-dose children live in Africa and Southeast Asia, with
over half in ten countries: Angola, Afghanistan, the Democratic Re-
public of Congo, Ethiopia, India, Indonesia, Nigeria, Pakistan, the
Philippines, and Sudan [2]. This clustering highlights systemic de-
livery weaknesses, where geographic, socioeconomic, and struc-
tural barriers hinder equitable immunisation access in the region.

1201-9712/© 2026 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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Each dollar spent on immunisation yields an estimated return of
US$52, costing only US$18 per child, demonstrating both health
and economic benefits [6].

The WHO Immunisation Agenda 2030 aims to maximise vaccine
impact through better equity [6]. However, achieving this requires
addressing persistent challenges in LMICs, including limited infras-
tructure, workforce shortages, logistical challenges, financial bar-
riers, and sociocultural factors affecting vaccine acceptance [7-9].
Vaccine delay and administering vaccines after the recommended
age pose additional threats through prolonged susceptibility and
increased outbreak risk [10]. Common reasons include parental
concerns about immune system overload, scheduling difficulties,
insufficient professional advice, and lack of understanding about
timely vaccination benefits [11,12].

The WHO Health System Framework provides a structured ap-
proach through six building blocks: Service Delivery, Health Work-
force, Health Information Systems, Access to Vaccines, Financing,
and Leadership and Governance [13]. This framework offers a valu-
able perspective for examining vaccination coverage interventions
and identifying system-strengthening strategies. However, limited
evidence exists regarding health system approaches aligned with
this framework in LMICs. This review synthesises evidence by sys-
tematically mapping interventions designed to enhance vaccine
uptake among children under 2 years in LMICs, focusing on strate-
gies aligned with the WHO framework to inform immunisation
policies, strengthen vaccination systems and promote sustainable,
equitable services.

Review questions

1. What are the characteristics of health system strengthening in-
terventions aligned with the WHO Health System Framework
that aim to enhance vaccine uptake among children under two
years of age in LMICs?

2. How have these interventions/strategies been used to
strengthen routine immunisation systems, and what are
their capabilities in improving equitable vaccine coverage in
early childhood?

3. How have barriers and facilitators shaped the implementation
of interventions targeting the WHO Health System Building
Blocks to improve vaccine uptake among children under two
years of age in LMICs?

Methods

The protocol followed the Joanna Briggs Institute and PRISMA-
ScR guidelines [14] and was registered on the Open Science Frame-
work (osf.io/M3WUK) [15]. Studies were included if they focused
on children under 2 years of age in LMICs (World Bank definition),
evaluated interventions to improve vaccine uptake, and mapped to
WHO Health System components. Only English-language publica-
tions until January 2025 were included.

From date of inception, six databases were searched: Medline,
APA PsycINFO, Embase (via Ovid), PubMed, Cochrane Library, and
Google Scholar. These databases were selected to provide compre-
hensive coverage of biomedical literature (Medline, PubMed, Em-
base), psychological and behavioural research relevant to vaccine
acceptance (APA PsycINFO), and systematic reviews (Cochrane Li-
brary). For grey literature, we followed the guidelines of Haddaway
et al. [16] and searched the first 300 results via Google Scholar,
as evidence suggests that relevance ranking diminishes substan-
tially beyond this threshold and additional screening yields min-
imal relevant results while significantly increasing workload. The
search terms combined children, vaccines, immunisation (adapted
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from Jain et al. [17]), and LMICs keywords from Cochrane EPOC [18]
(Supplementary File 1: Search Strategy). Records were managed
using Rayyan.ai [19]. Two researchers (MH and SI) independently
screened all titles and abstracts, and any disagreements were re-
solved by consensus and/or by consulting a third reviewer (BAK).
Full texts were retrieved for studies that were considered eligible
or had insufficient information in the abstract. The full texts were
screened again using the same process to determine which studies
should be included in the review.

Interventions were classified according to the six WHO Health
System Building Blocks using a pre-defined classification frame-
work based on WHO definitions [13]. Studies frequently addressed
multiple building blocks simultaneously; therefore, each interven-
tion was mapped to all relevant blocks, rather than a single pri-
mary category. Two reviewers (MH and BAK) independently clas-
sified each intervention, and discrepancies were resolved through
discussion and consensus. When consensus was not reached, a
third reviewer (SI) was consulted. To minimise misclassification,
the reviewers used explicit criteria derived from the WHO frame-
work: Service Delivery encompassed interventions targeting acces-
sibility, availability, or quality of immunisation services; Health
Workforce included training, supervision, or deployment strategies;
Health Information Systems covered data collection, monitoring,
or feedback mechanisms; Access to Essential Medicines addressed
vaccine availability, supply chain, or cold chain issues; Financing
included cost reduction, incentives, or funding mechanisms; and
Leadership and Governance encompassed policy development, co-
ordination, or accountability structures.

Data extraction captured study details, intervention charac-
teristics, WHO building blocks addressed, outcomes, and barri-
ers/facilitators using standardised Microsoft Excel forms. Narrative
synthesis followed the SWiM guidelines [20] and was performed
by authors MH and BAK. Studies were categorised by WHO frame-
work building blocks. Outcomes were synthesised to identify ef-
fectiveness patterns, and barriers and facilitators were thematically
analysed.

Results

The search identified 2897 records; after removing 297 dupli-
cates, 2600 titles/abstracts were screened for eligibility. Following
a full-text review of 126 articles, 53 studies met the inclusion cri-
teria (Figure 1: PRISMA flow Diagram; Supplementary File 1: Char-
acteristics of the included studies). The included studies spanned
35 years from 1989 to 2024, with a notable increase in publica-
tions after 2010, reflecting the growing interest in health-system
approaches to improve vaccination coverage Most studies origi-
nated from lower-middle-income (54.7%) and low-income (41.5%)
countries. Regarding the study setting, the majority (81.1%) were
conducted in community-based settings, with the remainder in
hospital (17.0%) or combined community and hospital (1.9%) set-
tings. The study designs included non-experimental (43.4%), mixed
methods (17.0%), and experimental (17.0%) designs (Table 1). Mean
intervention duration was 39.3 months (SD = 62.1; median = 11;
range = 0.5-228).

WHO building block distribution

Health Information Systems were the most frequently targeted
(83.0%), followed by Leadership & Governance (79.2%) and Ser-
vice Delivery (60.4%). The health Workforce was the least ad-
dressed (35.8%). Most studies addressed four (26.4%) or three
(24.5%) blocks, while only 3.8% addressed a single block and 11.3%
incorporated all six blocks. No study addressed all blocks uniformly
(Figs. 2-5).
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Figure 1. PRISMA flow diagram.

Key implementation strategies

Data-related strategies were the most consistently applied, in-
cluding data monitoring (88.7%), coverage tracking (86.8%), and
data-driven decision-making (86.8%). Service delivery improve-
ments focused on accessibility/availability (67.9%) and quality
(41.5%). Governance interventions emphasised policy improve-
ments (60%) and structured mechanisms (36%). Health workforce
strategies included capacity building (34%) and personnel deploy-
ment (26%). Access-related efforts addressed logistical challenges
(57%), vaccine availability (30%), and supply chain enhancement
(17%). Financial interventions were the least represented: reducing

costs (23%), removing barriers (23%), and improving affordability
(17%).

Effective intervention approaches

Service delivery

Integration with other health services improves coverage and
efficiency [21,22]. SMS and manual reminder systems enhance
vaccine timeliness and reduce dropout rates [23,24]. Community
engagement involving religious leaders, local influencers, and
community health workers increases trust and uptake [25,26].
Outreach services addressed geographical barriers through mobile
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Table 1
Study characteristics by income group.

Characteristic Overall Low income Lower-Middle Upper-Middle p-value
N =53 N =22 N =29 N =

WHO building Blocks Targeted by Income Group

1 Service delivery 32 (60.4%) 14 (63.6%) 17 (58.6%) 1 (50.0%) 0.9

2 Health workforce 19 (35.8%) 7 (31.8%) 11 (37.9%) 1 (50.0%) 0.9

3 Health information systems 44 (83.0%) 18 (81.8%) 24 (82.8%) 2 (100.0%) >0.9

4 Access to essential medicines 36 (67.9%) 17 (77.3%) 17 (58.6%) 2 (100.0%) 0.3

5 Health financing 20 (37.7%) 8 (36.4%) 11 (37.9%) 1 (50.0%) >0.9

6 Leadership & governance 42 (79.2%) 18 (81.8%) 23 (79.3%) 1 (50.0%) 0.6

Study Design and Setting Characteristics by Income Group

1 Experimental 9 (17.0%) 4 (18.2%) 5(17.2%) 0 (0.0%) 0.3

2 Mixed-methods 9 (17.0%) 3 (13.6%) 6 (20.7%) 0 (0.0%)

3 Non-experimental 23 (43.4%) 12 (54.5%) 9 (31.0%) 2 (100.0%)

4 Qualitative 6 (11.3%) 3 (13.6%) 3 (10.3%) 0 (0.0%)

5 Review/secondary analysis 6 (11.3%) 0 (0.0%) 6 (20.7%) 0 (0.0%)

Study Setting Characteristics

1 Community 43 (81.1%) 17 (77.3%) 24 (82.8%) 2 (100.0%) 0.8

2 Community & hospital 1(1.9%) 1 (4.5%) 0 (0.0%) 0 (0.0%)

3 Hospital 9 (17.0%) 4 (18.2%) 5(17.2%) 0 (0.0%)

Urban/Rural Area

1 Rural 15 (28.3%) 6 (27.3%) 8 (27.6%) 1 (50.0%) 0.5

2 Rural & urban 24 (45.3%) 9 (40.9%) 15 (51.7%) 0 (0.0%)

3 Urban 14 (26.4%) 7 (31.8%) 6 (20.7%) 1 (50.0%)

Vaccine Type and Intervention Materials by Income Group

1 DPT/OPV 8 (15.1%) 5(22.7%) 3(10.3%) 0 (0.0%) 0.02

2 Hepatitis B/Tetanus 2 (3.8%) 0 (0.0%) 1(3.4%) 1 (50.0%)

3 Measles 2 (3.8%) 0 (0.0%) 1(3.4%) 1 (50.0%)

4 Multiple vaccines 17 (32.1%) 5(22.7%) 12 (41.4%) 0 (0.0%)

5 Routine childhood immunizations 24 (45.3%) 12 (54.5%) 12 (41.4%) 0 (0.0%)

Material Type Used

1 Data & research tools 23 (43.4%) 7 (31.8%) 16 (55.2%) 0 (0.0%) 0.065

2 Digital tools 6 (11.3%) 2 (9.1%) 4 (13.8%) 0 (0.0%)

3 Media & communication 4 (7.5%) 1 (4.5%) 2 (6.9%) 1 (50.0%)

4 Not specified 1 (1.9%) 0 (0.0%) 1 (3.4%) 0 (0.0%)

5 Physical tools 6 (11.3%) 4 (18.2%) 1 (3.4%) 1 (50.0%)

6 Printed/educational materials 13 (24.5%) 8 (36.4%) 5 (17.2%) 0 (0.0%)

7 Duration (months) Mean Median Standard deviation Minimum-Maximum
393 11 62.1 0.5-228

vaccination teams, substantially raising full immunisation coverage
[27,28]. Educational interventions targeting caregivers have been
shown to improve knowledge and awareness [29,30].

Health workforce

Continuous quality improvement interventions, including train-
ing, supportive supervision, and performance monitoring, enhance
immunisation capacity [27]. Training on microplanning, data mon-
itoring, and decentralised management has proven effective [31].
Community health worker deployment in underserved areas sig-
nificantly improves outreach [26,32].

Health information systems

Data collection and defaulter tracking systems improve coverage
monitoring [33]. Household mapping guided health worker assign-
ments and outreach effectiveness [26]. Even basic paper registers
for dropout recording have been proven functional [22].

Access and supply chain

Informed push models reduce stockouts and improve cold
chain management [34]. Innovative delivery devices addressing
cold chain challenges showed promise [28]. Ensuring that outreach
teams-maintained vaccine stocks prevented delivery interruptions
[22].

Financing

Standardised vaccination fees, free services, and incentives
(food/medicine vouchers) addressed economic barriers and im-
proved timely vaccination [22,35].

Leadership and governance

Decentralisation, microplanning, and performance-based agree-
ments improved resource utilisation and accountability [31]. In-
teragency coordinating committees enhance program coordination
and information sharing [36].

Multicomponent interventions

Comprehensive approaches that simultaneously address multi-
ple building blocks have demonstrated superior effectiveness. Ex-
amples include The Bamako Initiative, which revitalises primary
healthcare through integrated service delivery, workforce devel-
opment, financing, and governance reforms [37], and community-
based approaches that combine mobilisation, CHW training, house-
hold mapping, and service provision [26].

Barriers and facilitators

Implementation barriers included geographic challenges limit-
ing rural access [38], limited caregiver knowledge requiring tar-
geted education [29], insufficient healthcare worker capacity and
poor service quality [27], financial constraints affecting imple-
menters and recipients [39], weak health system infrastructure, in-
cluding cold chain deficiencies [34], and technical/logistical issues
in monitoring systems [27,31].

Vaccine uptake barriers included distance to facilities and
transportation difficulties [32,38], knowledge gaps and misconcep-
tions about vaccine safety [29,30], cultural beliefs and social norms
influencing acceptance [40], poor service quality and healthcare
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Figure 2. WHO health system’s six building blocks by country income groups.

system distrust [22,24], and financial
service access [35,39].

Key facilitators included community involvement and participa-
tion [26,41], educational interventions enhancing caregiver knowl-
edge [29,30], healthcare worker capacity enhancement and ser-
vice quality improvements [27,31], mobile services and outreach
activities [22,28], financial incentives and cost-reduction strategies
[22,35], improved infrastructure, supply chains, and coordination
[31,34], and technological innovations, such as mobile reminders
[23,28].

constraints preventing

Discussion

This scoping review synthesised evidence from 53 studies
across multiple LMICs, revealing significant insights into health
system strengthening interventions for increasing childhood vac-
cination coverage. Service delivery interventions predominated
(71.69% of studies), followed by information systems (75.5%) and
governance (77.4%), suggesting that researchers and implementers
focus primarily on direct service provision rather than on upstream
determinants such as financing and governance structures.

The geographical concentration in sub-Saharan Africa, particu-
larly Ethiopia, reflects the global burden of under-immunisation

and the urgent need for evidence-based interventions. The pre-
dominance of community-based interventions (81.1%) underscores
the recognition that effective vaccination strategies must extend
beyond traditional health facilities to reach vulnerable populations.
Most importantly, multicomponent interventions that simultane-
ously address multiple WHO building blocks have demonstrated
superior effectiveness compared to single-component approaches,
aligning with health systems thinking that emphasises intercon-
nected components [22,37].

These findings align with the growing literature emphasising
the importance of health system approaches. Previous reviews
have identified community engagement, health worker training,
and integrated service delivery as key components [17]. The promi-
nence of reminder systems aligns with high-income country evi-
dence demonstrating their effectiveness in improving vaccination
timeliness [23,24]. Geographic barriers are well documented in the
broader LMIC literature, with distance, transportation costs, and
challenging terrain significantly impeding uptake [27,30]. The out-
reach strategies and mobile vaccination teams documented in this
review provide practical solutions, building on decades of evidence
supporting community-based delivery models.

Knowledge and information barriers reflect the broader health
literacy challenges documented globally. Educational intervention
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Figure 3. Occurrences of WHO building blocks and distribution across studies.

success aligns with social and behavioural change communication
theories emphasising knowledge, attitudes, and social norms for
sustained behavioural change [29]. Community leaders and trusted
influencers roles support extensive research on innovation diffu-
sion and social network theories. Economic barriers are consistent
with extensive literature documenting the disproportionate impact
of healthcare costs on poor households. The effectiveness of finan-
cial incentives and fee removal strategies supports the broader uni-
versal health coverage movement and elimination of financial bar-
riers [35,37].

Evidence from high-burden countries demonstrates the practi-
cal impact of integrated approaches. In Ethiopia, the Reaching Ev-
ery District using Quality Improvement (RED-QI) approach signifi-
cantly improved vaccination coverage, with tetanus seroprotection
increasing from 59.6% to 79.1% in intervention districts, alongside
improvements in vaccination timeliness and fewer missed oppor-
tunities [42]. Between 2000 and 2019, Ethiopia’s basic vaccina-
tion coverage progressed from 14.3% to 44.1% through health ex-
tension worker programmes and expanded primary healthcare ser-
vices [43]. Similarly, Nigeria's implementation of the Global Polio
Eradication Initiative contributed to a threefold increase in DPT3
coverage (from 21% to 66%) between 1989 and 2014, while geo-
graphic information system tracking of vaccination teams enabled
identification and vaccination of previously missed settlements in
northern states [44]. In Pakistan, the Lady Health Worker pro-
gramme, encompassing over 100,000 community health workers,
demonstrated that areas with active LHW coverage showed signif-
icantly better health indicators, with a randomised controlled trial
showing that targeted pictorial educational messages delivered by
community health workers improved DPT-3/Hepatitis B completion

rates by 39% [45,46]. These national-level successes underscore the
importance of context-specific, community-based approaches com-
bined with systematic strengthening of the health workforce.

Implications and recommendations

Healthcare services should prioritise multicomponent interven-
tions that simultaneously address multiple aspects of vaccination
delivery systems. Facilities should establish robust reminder sys-
tems using both traditional (appointment cards) and innovative
(SMS) approaches adapted to local contexts [23,24]. Comprehensive
healthcare worker training programs should extend beyond tech-
nical skills to include communication, counselling, and community
engagement competencies [27]. The integration of vaccination with
other maternal-child health services should be systematised rather
than isolated [22,38].

Communities should be engaged as active partners, rather than
passive recipients. Evidence demonstrates that community mobili-
sation strategies are most effective when they involve local leaders,
utilise existing social structures, and address community-specific
barriers [25,26]. Community health worker programs should be
strengthened and expanded, with ongoing training, supervision,
and support to ensure quality and sustainability [26,32]. Communi-
ties should be supported in developing local vaccination barrier so-
lutions, particularly regarding geographic access and social norms
[37].

Policymakers should prioritise comprehensive immunisation
policies that address all six WHO building blocks rather than indi-
vidual components. Fragmented approaches are less effective than
integrated strategies that simultaneously address service delivery,
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workforce, information systems, access, financing, and governance.
National programs should be designed and funded as comprehen-
sive health system-strengthening initiatives. Governments should

establish sustainable financing mechanisms that address both
supply- and demand-side barriers [35,39]. National health informa-
tion systems should support evidence-based decision-making by
investing in infrastructure and regular feedback mechanisms [31].

Governance structures should ensure multisectoral coordina-
tion. Interagency coordinating committees provide models for
multi-stakeholder coordination that are adaptable to different con-
texts [36]. Regulatory frameworks should support innovative de-
livery approaches, including digital technologies and alternative
service delivery models [23,28]. Research priorities should fo-
cus on comprehensive multicomponent interventions and exam-
ine the cost-effectiveness of different health system strengthening
approaches, particularly in underrepresented regions such as Latin
America and parts of Asia.

These findings have important implications for global efforts to
achieve universal vaccination coverage and Sustainable Develop-
ment Goals. Evidence demonstrates that achieving high coverage
in LMICs requires comprehensive health system strengthening
rather than narrow disease-specific interventions. This suggests
the need for greater integration and coordination among programs
targeting different health outcomes. The emphasis on community-
based approaches has implications for healthcare workforce
planning, requiring significant community health worker program
expansion. The success of technological innovations (mobile health
interventions, innovative delivery devices, and digital tracking)
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suggests that technology can address traditional barriers, although
solutions must be contextually appropriate and implemented
within comprehensive strengthening efforts.

Conclusion

This review identified diverse health system strengthening in-
terventions that enhance vaccine uptake among children under
2 years of age in LMICs. Service delivery interventions were
the most common, with reminder systems, community-based ap-
proaches, outreach services, and health education being promi-
nent strategies. Multicomponent interventions addressing multi-
ple WHO building blocks simultaneously showed the most sub-
stantial improvements. Significant barriers include geographic ac-
cess challenges, knowledge gaps, service quality issues, eco-
nomic constraints, and health system weaknesses. Facilitators in-
cluded community engagement, education, service quality im-
provements, accessibility enhancements, financial support, health
system strengthening, and technological innovations. Context-
specific integrated approaches that simultaneously address multi-
ple health system components are essential. Strengthening work-
force capacity, integrated systems, and addressing financing barri-
ers remain vital for achieving global immunisation goals. Future re-
search should focus on developing and evaluating comprehensive
interventions, particularly in regions with persistent immunisation
challenges.

Limitations

This scoping review has several limitations that should be con-
sidered when interpreting its findings. First, the review was re-
stricted to English-language publications, which may have ex-
cluded relevant studies published in other languages, particularly
from francophone African and Spanish-speaking Latin American
countries, where significant immunisation research exists. Second,
as a scoping review following the PRISMA-ScR guidelines, we did
not conduct a formal quality assessment of the included stud-
ies, which is consistent with the scoping review methodology
but limits our ability to assess the strength of evidence. Third,
the predominance of studies from sub-Saharan Africa, particularly
Ethiopia, may limit the generalisability of findings to other LMIC
regions such as Latin America and parts of Asia, where fewer stud-
ies were identified. Finally, the classification of interventions under
the WHO building blocks involved subjective judgment, as many
interventions addressed multiple components simultaneously. Al-
though two reviewers independently classified the data with con-
sensus resolution, some degree of misclassification may have oc-
curred.
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