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Abstract

Digital transformation is redefining pediatric immunisation systems worldwide. With nearly 25 million
children missing one or more essential vaccines annually, digital innovations such as mobile health
(mHealth), electronic immunisation registries, artificial intelligence (Al), blockchain, and the Internet of
Things (loT) are helping to improve coverage, timeliness, and equity.

This review synthesises global evidence on how technology strengthens immunisation delivery and
monitoring, analyses implementation frameworks under WHO’s Immunization Agenda 2030 (1A2030),
and discusses governance, ethical, and equity implications.

Tables summarise major digital interventions and emerging technologies, while a conceptual figure
illustrates the interconnected ecosystem for vaccine delivery.

The review concludes that digital health solutions, when integrated with policy and community
engagement, can ensure equitable, data-driven, and sustainable immunisation coverage for every child.
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1. Introduction

Vaccination remains the cornerstone of global child survival, preventing an estimated 4-5 million deaths
annually. Yet, global coverage for essential vaccines such as DTP3 and measles remains suboptimal, with
nearly 25 million children worldwide missing one or more doses in 2023 (WHO & UNICEF).

Challenges include supply chain disruptions, misinformation, and fragmented paper-based record systems.

Digital health tools are transforming immunisation ecosystems enhancing visibility, traceability, and trust.
WHO’s Immunization Agenda 2030 (IA2030) calls for data-driven, people-centred immunisation systems,
and global partners such as UNICEF and Gavi have prioritised digital health transformation as essential
for universal vaccine coverage.
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2. Global Need for Digital Transformation

Despite decades of progress, several challenges impede full immunisation coverage: logistical
inefficiencies, delayed reporting, limited data interoperability, and vaccine hesitancy.

Digital innovations can address these gaps by enabling real-time monitoring, automated scheduling, and
predictive analysis. WHO, UNICEF, and Gavi recommend investment in scalable, open-source platforms
to improve coverage and accountability.

Digital transformation aligns with Sustainable Development Goal 3.8 on universal health coverage.

Table 1. Global Evidence on Digital Interventions and Outcomes

Technology Example / Country|{Impact on Coverage or Compliance Reference
SMS reminders|Kenya, Nigeria, : I
+15— 0,
(mHealth) India 15-25 % timely vaccination [6, 7]
EHR /IS USA, Canada 95 % data completeness + automatic alerts [8, 9]
Identification of low-coverage areas in real
Al dashboards WHO, UNICEF time [12,13]
5 —— — —
loT (eVIN, Nexleaf) India, Kenya 80. /0 reduction in stock-outs; 1 cold-chain [16]
efficiency
Blockchain pilots Switzerland, UAE |[Improved supply transparency and data trust |([[14, 15]
Telehealth / Chatbots  |[USA, UK Improved parental confidence and follow-up ||[18]

3. Major Digital Innovations in Pediatric Immunisation
3.1 Mobile Health (mHealth) and SMS Reminders

Mobile applications and SMS alerts have shown measurable improvements in vaccine compliance.
Rwanda’s RapidSMS and India’s ReMiND programs improved timeliness by 20 %. These systems connect
caregivers and health workers, schedule appointments, and send automatic follow-ups. Meta-analyses
show mHealth interventions raise full-course completion rates by 10-25 %.

3.2 Electronic Health Records (EHRs) and Immunisation Information Systems (11S)

EHRs and 1S provide real-time validation of vaccine eligibility, contraindication alerts, and centralised
population tracking. The U.S. CDC’s IIS covers > 95 % of children under six years; Canada’s Panorama
platform and WHO’s DHIS2 Tracker extend this model to > 80 countries. Integration with primary care
EHRs ensures continuity of care and supports school-entry verification.
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3.3 Artificial Intelligence (Al) and Predictive Analytics

Al algorithms forecast outbreaks, identify coverage gaps, and optimise vaccine distribution. WHO’s EARS
system monitors millions of social posts to track misinformation trends. UNICEF’s Al-based dashboards
map at-risk populations, and machine-learning models predict missed doses for targeted outreach.

3.4 Blockchain for Trust and Traceability

Blockchain ensures tamper-proof records across the supply chain. UNICEF Modum (Switzerland) and
IBM Watson Health pilots have proven that ledger-based systems reduce counterfeit risk and improve
audit transparency.

3.5 Internet of Things (IoT) and Smart Cold-Chain Monitoring

0T sensors transmit temperature, humidity, and GPS data to central dashboards. India’s eVIN network
reduced stock-outs by 80 % and cut operational costs by 25 %. PATH’s Nexleaf Analytics in Africa
reduced vaccine spoilage through real-time alerts.

3.6 Digital Education and Social Media for Vaccine Confidence

The WHO/UNICEF Verified initiative (2022) reached > 300 million people, debunking vaccine myths
online. Gamified apps like VaxScenes and interactive videos help teenagers understand HPV and influenza
vaccines.

3.7 Telehealth and Virtual Counselling

Teleconsultations and Al chatbots such as Johns Hopkins’ VIRA system increase trust among hesitant
parents and enable remote catch-up scheduling.

4. Measuring Impact and Global Outcomes

Digital tools have improved timeliness, accountability, and trust. The U.S. IIS covers 95 % of children;
Rwanda’s RapidSMS raised measles coverage by 15 %; India’s eVIN cut stock-outs by 80 %. Al-driven
dashboards help WHO and UNICEF detect low-coverage clusters and guide outreach. Overall, countries
report greater data quality and public confidence in digitalised immunisation systems.

5. Governance, Ethics and Policy Considerations
Digital immunisation requires robust governance:

» Data privacy and security: Compliance with GDPR, HIPAA, and WHO’s Digital Health Ethics
Framework IS essential.
* Interoperability: Open standards such as HL7 FHIR and OpenHIE enable system integration.
* Equity: Only two-thirds of the world has internet access; offline apps and voice interfaces are vital for
inclusion.

« Algorithmic transparency: Al models must undergo bias audits to ensure fairness and accountability.
» Digital literacy: Training for health workers and caregivers enhances system uptake.
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6. Integration with Global Initiatives and Frameworks
Digital immunisation is anchored in global policies:

— WHO 1A2030 - Digitally enabled, people-centred systems.

— UNICEF Data for Children Framework (2023) — Open data for equity.
— Gavi Digital Health Roadmap — Identity-linked tracking.

— CDC I1S Model — Registry governance benchmark.

Countries like Rwanda, Estonia, and India demonstrate that interoperability and policy alignment drive
scalability and sustainability.

7. Future Horizons - Next Generation Digital Immunisation

Technology Function Potential Benefit

Predictive Al Identify unvaccinated children Targeted micro-planning
Blockchain identity ||Unified immunisation records Cross-border traceability

10T cold-chain Continuous temperature / GPS monitoring||Reduced spoilage

Digital twins Virtual simulation of programs Policy optimisation

Voice-based Al Local-language reminders Inclusion for low-literacy parents
MRNA + digital QC|[End-to-end traceability Quality assurance & trust

Emerging technologies like digital twins and voice Al will enhance precision planning. Blockchain-linked
immunisation IDs will support migrant children. IoMT integration will enable real-time vaccine safety
monitoring.

8. Conceptual Figure — Digital Health Ecosystem for Pediatric Immunisation

[Parent & Child] 2 [Mobile App / SMS] 2 [Health Worker Dashboard]

v v
[Electronic Registry / EHR] 2 [Al Analytics Engine]

v v
[Vaccine Supply Blockchain] 2 [loT Cold Chain Sensors]

v v
[Policy & Global Dashboards (WHO, UNICEF, CDC)]

This ecosystem illustrates how data flows between families, providers, and global agencies to ensure real-
time accountability and equitable coverage.
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9. Discussion

Digitisation has transformed vaccine delivery from paper-based to predictive, data-driven processes.
Evidence shows digital systems improve stock management, coverage tracking, and public trust.

However, sustainability requires national financing, workforce capacity, and community acceptance.
Hybrid approaches digital tools plus community outreach offer the best results. Building trust through
ethical governance and transparent Al use is crucial for long-term success.

10. Conclusion

Digital health has redefined pediatric vaccination. Integration of mHealth, Al, blockchain, and I0T ensures
timely and safe immunisation for every child.

Achieving the WHO 1A2030 vision of “leaving no child behind” depends on data-driven, equitable, and
sustainable digital ecosystems. With strong governance and collaboration, technology can close the final
immunisation gap and secure global child health.
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