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Background:

India has made significant strides in improving childhood immunization coverage; however,
there are disparities persist due to geographical, socio-economic, and infrastructural barriers and
issues. In recent years, Digital Health Interventions (DHIs) such as eVIN, CoWIN, ANMOL, and
mobile-based tools are emerged as transformative mechanisms to enhance vaccine tracking,
logistics, and community outreach and help in improvement in immunization.

Objective:
This study evaluates the influence of DHIs on child immunization coverage in India, particularly
focusing on variations highlighted in NFHS-5 data across districts.

Methodology:

This study employs a secondary research methodology, integrating literature review, document
analysis, and data mining to derive insights on immunization coverage trends and the role of
EHR in India.

3.1 Literature Review

e Conduct a systematic review of research articles, reports, and policy documents on digital
health interventions in immunization programs.



e Retrieve data from sources such as PubMed, Scopus, Web of Science, and Google
Scholar.

e Analyze best practices and global case studies on EHR-based immunization tracking.
3.2 Document Analysis

e Review government policies, WHO reports, and Indian immunization program
documents (e.g., UIP, National Digital Health Mission (NDHM), and CoWIN reports).

e Extract key information on the adoption, challenges, and impact of digital health
interventions in immunization.

e Identify gaps in existing policies and their alignment with SDG 3 (Good Health and
Well-being).

Results:

Full immunization coverage in India increased from 62.0% (NFHS-4) to 76.4% (NFHS-5),
showing a 14.4% national improvement.States with full DHI adoption (e.g., Kerala — 90.2%,
Rajasthan — 83%) outperformed others like Bihar (64.4%) and Nagaland (57.6%).

eVIN rollout reduced vaccine stock-outs by over 80%, improving cold chain management and
session planning.

In Rajasthan and MP, stock-out rates fell by 15-17% post-eVIN deployment.

CoWIN adaptation for child immunization in Maharashtra led to an 8—-12% increase in vaccine
coverage and 25% drop in missed appointments.

mHealth and IVRS tools (e.g., Tika Vaani, mMitra) raised awareness by up to 19% and improved
coverage by 15-18%.

Urban immunization rates (80.1%) were higher than rural (74.3%), though the gap is narrowing
due to mobile interventions.

Strong positive correlation found between DHI presence and immunization (Spearman’s p =
0.64,p <0.01).

Logistic regression confirmed DHI presence, maternal literacy, and urbanization as significant
predictors of full immunization.

Overall, integrated digital platforms, when combined with community outreach, significantly
improve child immunization outcomes.



Conclusion:

Digital health tools significantly improve immunization outcomes when integrated with health
systems and supported by frontline workers. The study underscores the need for scalable,
interoperable, and inclusive DHIs aligned with national health policy frameworks such as
ABDM. Strategic deployment in underserved areas, combined with real-time data monitoring
and human support, can bridge the last-mile immunization gap in India.
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1.1 Background and Rationale

Immunization is still one of the most economical public health measures, and it is very importl
for lowering child mortality and averting diseases that can be prevented by vaccination. Even
while India has made great strides in increasing vaccination rates through the Universal
Immunization Programme (UIP), there are still gaps in vaccine delivery, particularly for
underprivileged groups. According to the National Family Health Survey (NFHS-5), although the
country's overall immunization rate has increased, there are still differences between states,
districts, and demographic groups, especially in low-literacy areas, urban slums, and tribal
areas.

The Electronic Vaccine Intelligence Network (eVIN), the CoWIN platform, the ANMOL app, and
mHealth technologies like SMS/IVR campaigns are examples of Digital Health Interventions
(DHIs) that have become important developments in bolstering India's vaccination ecosystem in
recent years. These systems have shown promise in facilitating real-time data analytics,
enhancing beneficiary tracking, simplifying logistics, and interacting with caregivers via mobile
communication. The usefulness of such platforms in lowering vaccine stock-outs, promoting
vaccination adherence during routine immunization and pandemic reactions, and improving cold
chain management is supported by evidence from both government evaluations and academic
investigations.

Nevertheless, little is known about the degree to which these digital technologies are associated
with better immunization outcomes, particularly in a variety of socioeconomic and geographic
circumstances. This study intends to close this gap by evaluating the effect of DHIs on
childhood vaccination in India through the analysis of both qualitative and quantitative data.

1.2 Problem Statement

There is little empirical data measuring the impact of DHI adoption on vaccine uptake, and
regional differences in immunization coverage continue despite the widespread use of digital
health solutions throughout India's immunization program. Although initiatives like eVIN and
CoWIN have demonstrated encouraging outcomes at the macro level, it is unclear how much of
an impact these platforms have on district-level results, particularly when combined with
sociodemographic variables like female literacy, urbanization, and affluence. Furthermore, DHI
exposure is not adequately incorporated into extensive datasets like as NFHS, which presents
difficulties for evidence-based policy and program design.
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1.3 Objectives of the Study

The main objectives of this research are:

1. To assess the impact of Digital Health Interventions (DHIs)—including eVIN,
CoWIN, ANMOL, and mobile-based communication tools—on child immunization
coverage in India.

2. To analyze district-level variation in immunization coverage using NFHS-5 data and
examine how socio-economic variables (urbanization, female literacy, wealth index)

moderate the effect of DHISs.

3. To identify implementation challenges, policy implications, and best practices from
existing literature and real-world evaluations of DHIs in India.

1.4 Research Questions and Hypotheses

Research Questions:

1. What is the relationship between the presence of DHIs and full immunization coverage at
the district level in India?

2. How do socio-economic factors such as female literacy, urbanization, and wealth interact
with DHISs to influence immunization outcomes?

3. What are the common strengths, limitations, and enabling factors in the implementation
of DHIs across different regions?

Hypotheses:

e Ho (Null Hypothesis): There is no statistically significant correlation between the
presence of Digital Health Interventions and child immunization coverage.

13



e H.: (Alternative Hypothesis): The presence of DHIs is positively associated with higher
rates of child immunization coverage.

1.5 Scope and Significance

This study is both evaluative and analytical in nature. It synthesizes evidence from 30
peer-reviewed research papers, policy documents, and evaluation reports, alongside
district-level statistical analysis using NFHS-5 and SPSS to identify correlations and predictors
of immunization coverage. The research focuses on children aged 12-23 months and evaluates
key immunization indicators such as full immunization and DPT3 coverage.

The findings have direct relevance for:

e Policy makers, seeking to scale digital health innovations aligned with Ayushman Bharat
Digital Mission (ABDM)

e Public health program managers, aiming to enhance last-mile delivery and monitoring

e Researchers and implementation scientists, working on digital inclusion and health
equity

e Technology developers, designing DHI solutions that are context-sensitive,
interoperable, and scalable

14



Chapter 2: Literature Review

15



2.1 Introduction

Digital Health Interventions (DHIs) are becoming more widely acknowledged and usable as
game-changing instruments for improving the delivery of public health specifically in vaccination
programs. Innovations like eVIN, CoWIN, ANMOL, IVR/SMS alerts, and community-based
mHealth solutions like Tika Vaani have been made possible in India by the confluence of mobile
technology, national digital platforms, and real-time data systems. The existing literature
presents on DHIs, specifically those pertaining to childhood or small children vaccination, is
critically reviewed in this chapter from both India and throughout the world. This chapter
summarizes findings into five main themes: equity-driven analyses, case studies, NFHS-based
findings, global meta-analyses, and national digital platforms. It ends with gaps that this study
seeks to fill.

2.2 Digital Health Interventions (DHIs) in India

In India government immunization programs have quickly transitioned to digital during the last
decade. There are various tools such as eVIN (Electronic Vaccine Intelligence Network),
CoWIN, ANMOL (Auxiliary Nurse Midwife Online), and mobile-based reminder systems have
been created to enhance caregiver communication mostly like immunization, increase data
visibility, and streamline logistics (MoHFW, 2021; UNDP, 2022). For Example, eVIN has shown
tremendous success in reducing vaccine stockouts and improving cold chain reliability (UNDP,
2021), while CoWIN was swiftly and rapidly expanded during the COVID-19 pandemic time to
manage vaccinations digitallythroughout the nation and provide individual immunization
histories (Exemplars in Global Health, 2023).

Additionally, to improve vaccination coverage and understanding about vaccination, particularly
in underserved and rural areas, mHealth platforms like as IVRS, SMS reminders, and
ASHA-backed mobile campaigns have been used (Singh et al., 2021; Taneja et al., 2020). Also,
research indicates that the effectiveness of such interventions often depends on frontline worker
like Asha and primary healthcare workers engagement and community trust (Choudhary et al.,
2021; Kumar et al., 2022).

2.3 Global Evidence and Meta-Analyses

The usefulness of DHIs is supported by international and global literature, particularly in low-
and middle-income countries (LMICs) like African countries. According to a comprehensive
study by Khan et al. (2023), mHealth interventions increased vaccination completion rates in
LMICs by 10-13%. Multi-component interventions—combining digital tools with human
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outreach—had a higher impact than solo technologies, according to another Cochrane analysis
by Oyo-lta et al. (2021).

Additionally, contextual customization—like using vernacular language IVRs and integrating with
maternal health services—significantly improves user engagement, according to evaluations by
Agarwal et al. (2020) and Scott et al. (2022). These studies also emphasize how important
governance structures and system-level interoperability are to the sustainable growth of DHIs.

2.4 Evidence from NFHS-Based Studies

Evidence from NFHS based studies shows that specifically increase From 62% in NFHS-4
(2015-16) to 76% in NFHS-5 (2019-21),in India's complete immunization coverage; yet, there
were significant regional variations (I1IPS, 2021). The NFHS data provide insightful national
immunization trends, especially for NFHS-4 and NFHS-5. Recent spatial and cluster analysis
according (Sharma et al. , 2022; Mishra et al. , 2021) revealed that the clustering of zero-dose
children in rural Bihar, regions of Jharkhand, and metro informal communities, hence
emphasizing the continued existence of last-mile delivery gaps. Though digital platforms like
eVIN and CoWIN currently serve many of these under-immunized regions, the NFHS does not
specifically document DHI exposure; therefore, it's difficult to connect technological acceptance
to results. Even if communities with the DHI shows higher rates of full vaccination, causation is
still main challenging part to prove without combining program implementation data with NFHS
elements, Mehta and Reddy (2023) and Bansal et al. (2022) claim.

2.5 Case Studies on Platforms (CoWIN, eVIN)

Several implementation-focused evaluations offer deep insights into the role of national
platforms:

e eVIN, which mostly rolled out in over 600 districts, led to a 70% reduction in vaccine
wastage and improved session planning (UNDP, 2021).

o CoWIN,which is developed during the COVID-19 pandemic, demonstrated that
digitized beneficiary tracking and appointment scheduling could be rapidly deployed
at scale (Exemplars in Global Health, 2023).

e Evaluations from urban slum immunization programs show that integrating CoWIN with
ASHA and ANM engagement helped increase registration rates for infants and reduce

17



dropouts according to (Patil et al., 2022).

e The ANMOL app,which is useful for ANMs by digitizing field records for ANMs,
improved data entry accuracy by 43% and reduced reporting delays (MoHFW, 2021).

These case studies reinforce the importance of system-level platforms that are user-friendly,
scalable, and integrated into existing health workflows.

2.6 Equity, Access, and Geographic Gaps

Although digital instruments provide efficiency, studies warn against excessive dependence on
technology without first tackling fundamental injustices. Independent research and NFHS-5 data
show that tribal regions, urban slums, and low-literacy areas lag still behind in immunization
coverage (Ghosh et al. , 2021; 1IPS, 2021). For example:In some regions of Bihar and Madhya
Pradesh, zero-dose prevalence persists over 10%. Strong indicators of complete vaccination
are female literacy and wealth quintile (Kumari et al. , 2022). Research in Jharkhand and
Odisha revealed that voice messaging initiatives were useless without human outreach
(Choudhary et al. , 2021). Consequently, equity-focused DHI deployment must consider
sociocultural challenges, infrastructure deficiencies, and differences in digital access.

2.7 Gaps Identified in the Literature

Despite the robust evidence base, key research gaps remain:

o The Lack of integration between NFHS data and DHI implementation metrics
makes it difficult to evaluate the direct impact of digital platforms on immunization.

e Most evaluations are state-specific or pilot-based that means specific to particular
state, limiting generalizability.

e There is limited use of district-level statistical models that combine socio-economic
predictors with DHI presence to assess correlation.

e Few studies uses mixed-methods approaches which align quantitative NFHS trends
with qualitative DHI implementation experiences.
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This study addresses these gaps by combining thematic synthesis of 30 research papers with
NFHS-S district-level data study analysis, thereby offering a comprehensive lens to assess and
examine the true impact of DHIs on child immunization outcomes.

2.8 Conclusion

It is found that, particularly when contextualized, coordinated with frontline assistance,and
supported by system-level infrastructure, digital health treatments have been repeatedly
demonstrated in the literature to be able to improve immunization results. Empirical gaps in
determining the direct effect of DHIs on large-scale survey indicators like those in NFHS-5,
however, persist. With an look on regional differences, equity, and health system strengthening,
this dissertation systematically assesses and shows both qualitative and statistical relationships
between DHI deployment and vaccination coverage to close the evidence gap.
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Chapter 3: Research Methodology
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3.1 Introduction

Utilizing NFHS-5 data and secondary datasets, this chapter describes the approach used to
evaluate how Digital Health Interventions (DHIs) influence child immunization coverage in
India. It encompasses data sources, statistical approaches applied for correlation and regression
analysis, analytical tools, and research design.

3.2 Research Design

In this Secondary data analysis was used to create a cross-sectional, quantitative study. The
study seeks to clarify the statistical link between DHI presence and immunization results across
Indian villages by nature.

3.3 Objectives

1. To examine immunization coverage among children aged 12-23 months using NFHS-5
data.

2. To assess the relationship between DHI adoption (eVIN, mHealth, CoOWIN, etc.) and
immunization rates.

3. To identify the role of socioeconomic and infrastructural factors as control variables.

3.4 Data Sources
Data Source Description

NFHS-5 (2019-21) District-level immunization coverage and sociodemographic
variables

ITPS Briefs and Reports ~ Sub-district level gaps, trends, and policy analyses

CoWIN & eVIN Coverage data from digital platforms
Reports
Published Literature Evidence-based insights on digital health adoption
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This study uses a secondary research methodology, integrating literature review, document analysis, and
data mining to derive insights on immunization coverage trends and the role of EHR and various DHI like
Evin and Covin in India.

3.5Literature Review

Conduct a systematic review of research articles, reports, and policy documents on digital health
interventions in immunization programs.

Retrieve data from sources such as PubMed, Scopus, Web of Science, and Google Scholar.

Analyze best practices and global case studies on EHR-based immunization tracking.

3.6 Document Analysis

Review government policies, WHO reports, and Indian immunization program  documents
(e.g., UIP, National Digital Health Mission (NDHM), and CoWIN reports).

Extract key information on the adoption, challenges, and impact of digital health interventions in
immunization.

Identify gaps in existing policies and their alignment with SDG 3 (Good Health and Well-being).

3.7 Data Mining

Utilize NFHS-5 datasets to extract immunization coverage statistics, focusing on BCG, Polio,
DPT, Measles, Rotavirus, and Hepatitis B vaccination rates.

Analyze data trends using statistical methods to identify correlations between digital health
adoption and immunization rates.

Compare immunization trends before and after the implementation of key EHR-based tracking
systems.

22



3.8 Analytical Tools and Software

e SPSS (Version 26): For data entry, cleaning, and running statistical tests

e Excel: For basic calculations and visualizations

3.9 Ethical Considerations

e No human subjects involved
e Publicly available datasets used

e All sources acknowledged and cited properly

3.10 Limitations

e (Causal relationships cannot be confirmed due to cross-sectional nature
e Proxy indicators for DHI presence may introduce approximation bias

e Some district-level DHI data not publicly available

3.11 Conclusion
This methodology provides a robust foundation for analyzing how digital health tools correlate

with child immunization outcomes in India. The following chapter will present findings from the
analysis and statistical models applied using this frame.
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Chapter 4 : Analysis
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4.1 Thematic Synthesis Analysis of Digital Health Intervention
Research

This chapter presents a detailed analysis of how Digital Health Interventions (DHIs) impact child
immunization coverage in India, which is based on a synthesis of 30 peer-reviewed studies,
program evaluations, and various policy reports. The analysis is mostly organized into six
thematic areas that represent distinct digital intervention models and implementation strategies.
These include system-level infrastructure, mobile health solutions, equity-oriented digital
strategies, policy integration, hybrid community models, and data-driven monitoring systems.
Each theme highlights specific tools, outcomes, and policy implications that form the foundation
for subsequent statistical analysis.

Mobile phone programs—Iike text message reminders, voice calls, and health apps—which have
become powerful ways to encourage parents to vaccinate their children. These digital tools reach
caregivers directly, sending them reminders about when their child's next shot is when due and
providing helpful information about vaccines.

This research shows that when parents receive text reminders or mobile-based health education,
more children complete their full series of DPT and measles vaccines. But here's what really
matters: these programs only work well when families actually have good knowledge and access
to mobile phones, when mothers can read the messages, and when the information comes in their
own language that they can understand better.

Some of the most successful approaches combine different methods. Take Tika Vaani, for
example—this program paired automated voice messages with group discussions in the
community. This combination was especially good at addressing parents' concerns about
vaccines and helping more families follow through with their children's immunization schedules.

What we're learning from this analysis, is that mobile health tools work best in scenario of when
they're designed with local communities keeping in mind and when they're backed up by real
people—Ilike community health workers—who can answer questions and provide personal
support. Technology alone isn't enough; it needs that human touch to truly make a difference in
getting children vaccinated.

4.1.1. Equity and Coverage Gap Strategies

India's vaccination program is failing the kids who need it most. We're talking about children
from the poorest families who are growing up without basic protection from deadly diseases.
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Walk through the slums of any major Indian city, or visit remote tribal villages in states like
Bihar and Jharkhand, and you'll find something heartbreaking: kids who've neve had received a
single vaccine. Not a single one shot to protect them from measles, polio, or other diseases that
could kill them or leave them disabled for throughout the life.

It's not happening by accident. These children live in places the system has essentially forgotten
them like—cramped urban slums where families are just trying to survive day to day, isolated
tribal areas where the nearest health center might be hours away, and villages where parents
themselves never learned to read.

What makes this even more verse thing is that we have the tools to fix this. Those mobile health
programs that send reminders and educate parents? They're working in some places, but they're
rolled out randomly. It's a thing like having a life jacket but only throwing it to people who are
already swimming fine.

Smart people are saying that we need to get serious about the exact mapping exactly where these
missed children are living. Stop guessing and start knowing. Because right now, our fanciest
health apps might be helping middle-class families get their kids vaccinated on time while
completely missing the children sleeping on the streets or in villages without electricity.

If we can't reach the most vulnerable kids who doent get vaccines, then all our technology is just
expensive window dressing.

4.1.2 Policy Integration and Health System Alignment

For these digital health tools to really make a lasting difference, they can't just be fancy side
projects—they need to become part of how India's health system actually operates. The programs
that seem to work best are the ones that got woven into existing government initiatives like the
National Health Mission or the big digital health push under Ayushman Bharat.

When the government officially backed digital reminder systems, more kids got their first and
third vaccine doses. But here's the problem: the data these systems collect is often messy and
inconsistent, different platforms don't talk to each other, and there are no real standards everyone
follows. India has definitely moved toward digital health in a big way, but the plumbing still
needs serious work—better rules, clearer policies, and systems that actually connect with each
other.
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4.1.3 Human + Technology Hybrid Models

Here's something that might surprise tech enthusiasts: digital health tools work way better when real
people are involved too. The magic happens when community health workers—those ASHAs (village
health volunteers) and ANMSs (nurse-midwives) who know their communities—use technology to do their
jobs better, not replace human connection.

Take the ANMOL app that nurses use. It made their paperwork easier and more accurate, which freed
them up to spend more time actually talking to families. And here's a telling statistic: when an ASHA
followed up in person after a digital reminder was sent, parents were more than twice as likely to bring
their child in for vaccination.

These hybrid approaches work so well because they combine the efficiency of technology with something
irreplaceable—human trust and understanding of local culture. This matters especially in rural areas
where a familiar face and a conversation in the local language can make all the difference.

4.1.4 Data-Driven Planning, Surveillance, and Monitoring

The most exciting developments might be happening behind the scenes, where health officials
are using data and mapping tools to get really strategic about vaccination efforts. Systems like
DHIS2 and eVIN are helping managers see exactly what's happening with vaccine supplies and
where problems are cropping up.

The results speak for themselves. The eVIN system, which monitors vaccine storage and
transport, cut vaccine wastage by 70% just by giving health workers better information about
cold storage. Meanwhile, mapping tools that analyze survey data are helping health departments
spot neighborhoods with low vaccination rates so they can focus their efforts where they're
needed most.

This isn't just about efficiency—it's about using evidence to make smart decisions instead of just
guessing where problems might be.

4.1.5 Summary of Thematic Insights

TAfter looking at 30 different studies, one thing becomes crystal clear: there's no single magic
bullet for improving vaccination rates. Success comes from getting multiple things right at the
same time—building user-friendly technology, integrating it properly into the health system,
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supporting the frontline workers who use it, and making sure the benefits reach everyone, not

just the well-connected.

The big logistics systems like eVIN and CoWIN are great for managing supplies and keeping
track of who got vaccinated. But the real behavior change—convincing hesitant parents, reaching
isolated communities—still happens through mobile outreach and personal relationships.

Most importantly, all the digital innovation in the world won't matter if it only helps families
who were already doing fine. The real test is whether these tools can reach the children who need
them most, and that requires intentional planning and strong policies that put equity first.

Theme 1: System-Level Digital Infrastructure (eVIN, CoOWIN, ANMOL)

This theme explores centralized digital platforms—particularly the Electronic Vaccine
Intelligence Network (eVIN), the CoWIN platform, and the ANMOL app—that support vaccine
logistics, inventory management, and data-driven planning.

No.

Study Title

Technologies for
Strengthening
thelmmunization in
India

eVIN to CoWIN:
Digitizing India's
Immunization

CoWIN — Future of
UIP

Digital Solutions
During COVID-19

Strengthening Services
with Digital Tools

Intervention

eVIN,
ANMOL

CoWIN,
eVIN

CoWIN

CoWIN,
eVIN

ANMOL,
CoWIN

Key Findings

Improved logistics,
reduced stockouts

Enabled COVID-19
scale-up;
interoperability

Created digital
child-level history

Sustained services
during disruption

Improved urban slum
outreach

Contribution to
Immunization

Real-time visibility
and planning

Infrastructure base for
universal
immunization

Improved tracking
and reduced dropouts

Routine immunization
resilience

Targeted delivery in
vulnerable
populations
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Summary: These platforms function as the digital backbone of India's immunization efforts,
ensuring supply chain continuity, real-time data access, and outreach effectiveness—particularly
during public health emergencies like the COVID-19 pandemic.

Table 4.1.System-Level Digital Infrastructure (eVIN, CoOWIN, ANMOL)

Theme 2: Mobile Health (mHealth) and Caregiver Communication

This theme examines mobile-based tools such as SMS reminders, [IVR systems, and mHealth
apps aimed at increasing caregiver awareness and immunization adherence.

No. Study Title Intervention Key Findings Contribution to
Immunization

6 mHealth Interventions in SMS, mobile  Increased DPT-3 Effective in reminders
LMICs alerts completion by 11%

7 Tika Vaani: Mobile IVR + Groups Reduced hesitancy = Combined tech +
Education human support

8 Social and Behavioral Mobile Raised Amplified through
Change Messaging video/SMS immunization and community

ANC uptake participation

9 Impact of mHealth in mHealth apps  Region-specific Customization is
India outcomes essential

10 Mobile Technology Mobile Increased timely Supported by ASHA
Enhancing Routine reminders vaccine uptake worker integration
Immunization

Summary: Mobile-based communications significantly influence vaccine adherence, especially
when supported by community health workers and behavioral change strategies.

Table 4.2 Mobile Health (mHealth) and Caregiver Communication
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Theme 3: Equity and Coverage Gaps

This theme focuses on addressing disparities in immunization coverage due to geographic,
social, and economic inequities, using DHIs as enablers of equity.

No.

11

12

13

14

15

Study Title

NFHS-5 Zero-dose
Analysis

Progress Reaching
Zero-dose Children

Small-area
Under-vaccination
(NFHS-5)

ITPS Brief —
District-Level Gaps

Child Vaccination
& Impact

Focus

Geographic
disparity

Inequity
analysis

Cluster-level
analysis

Spatial
mapping

State
comparisons

Key Findings

Shows 13% zero-dose
in rural Bihar

Zero-dose declined
from 33% to 6%
(1993-21)

Urban slums <50%
coverage

89 districts <60% full
immunization

Kerala: 88%; UP: 51%

DHI Relevance

Target high-need
districts

DHIs contributed to
this drop

Need for granular
microplanning

Prioritize DHI and
scale-up

DHIs impact varies by
governance &
allocation of vaccine

Summary: Despite improvements, coverage gaps persist. DHIs must be deployed strategically

in underserved areas using spatial targeting and disaggregated planning.

Table 4.3 Equity and Coverage Gaps
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Theme 4: Policy Integration and Health System Alignment

This theme evaluates how DHIs are embedded within existing health programs and policies like
RMNCH+A, NHM, and ABDM.

No.

16

17

18

19

20

Study Title

Digital Push to
Improve Vaccine
Uptake

ICT and
Immunization

Narrative Review of
UIP Digitalization

Digital Public Health
in India

Routine

Policy Focus

Government
pilots

Digital +
behavior

Health system
reform

Governance

Pandemic

Immunization During adaptation

COVID

Key Findings

Push messaging
raised 1st/3rd dose
coverage

Best outcomes via
combined strategies

Data quality concerns

Policy gaps in privacy
and standards

CoWIN ensured
dual-load
management

Program Relevance

Aligns with NHM
strategies

Hybrid deployment
recommended

Integration with HMIS
needed mostly.

Supports ABDM
convergence

Highlights need for
scalable digital
solutions

Summary: DHI integration into public health policies ensures scale, sustainability, and

governance. Alignment with ABDM, HMIS, and RMNCH+A is critical.

Table 4.4 Policy Integration and Health System Alignment

Theme 5: Human + Tech Hybrid Models

This theme showcases interventions that combine digital tools with community-based outreach,
frontline health worker (FLW) support, and behavioral nudges.

No.

21

Study Title

Tika Vaani:
Community Voice
Model

Intervention

Mobile + groups

Key Findings

Increased awareness
and trust.

Relevance

Builds credibility with
community support.

31



22

23

24

25

TikaMobile Study

CoWIN & Urban
Informal Settlements

ANMOL App
Deployment Review

Behavioral Nudges via
Mobile + FLWs

Mobile + home
visits

CoWIN + ASHAs

Mobile for ANMs

Voice reminders +
follow-up

Raised full
immunization by 18%

Facilitated child
registration

Improved workflow
and data entry

2.3x higher parental
compliance

Tech reinforced by
human interaction in it.

Technology alone was
insufficient.

Eased service delivery.

Trusted sources
increase efficacy.

Summary: Hybrid models that embed human intermediaries within digital programs are more effective in

driving behavioral change and increasing coverage.

Table 4.5 Human + Tech Hybrid Models

Theme 6: Data-Driven Surveillance and Microplanning

This theme highlights how real-time data, geospatial mapping, and HMIS integration inform

immunization strategies at the district and sub-district levels.

No.

26

27

28

29

30

Study Title

District-Level

Immunization Gaps (IIPS

Brief)

UNDP Case Study on
eVIN

NFHS-Based Tool for
RMNCH+A

Zero-Dose Geospatial

Mapping

FLW Data Entry via
ANMOL and mHealth

Digital Tool
Spatial
dashboard
Digital logistics

HMIS-DHIS2

GIS + NFHS-5

ANMOL,
mHealth apps

Key Findings

Identified
low-coverage districts

Reduced vaccine
wastage by 70%

Flagged delay patterns
in vaccines

Revealed urban
under-vaccination
clusters

Improved data
accuracy by 43%

Utility

Enabled targeted
planning

Improved cold chain
management

Supported better
microplanning

Informed urban health
strategies

Enabled longitudinal
child tracking

Summary: Robust data systems are critical for real-time decision-making. GIS, eVIN, and

HMIS integration strengthen targeting, accountability, and program responsiveness.

Table 4.6 Data-Driven Surveillance and Microplanning
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Summary Table: Classification of 30 Research Studies

Theme Theme Studies
No. Included

1 System-Level Infrastructure 1-5

2 Mobile Health & 6-10

Communication

3 Equity and Coverage Gaps 11-15

4 Policy Integration 1620

5 Human + Tech Hybrid Models 21-25

6 Data-Driven Surveillance 26-30

Table 4.7 Classification of 30 Research Studies

Tools/Focus

eVIN, CoWIN, ANMOL

SMS, IVR, mHealth apps

NFHS-5, geospatial tools
CoWIN, DHIS2, governance

FLW support, behavioral
nudges

GIS, dashboards, HMIS,
ANMOL
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Section 4.2: Policy Implications, Challenges, and Recommendations

This section synthesizes the statistical analysis, literature insights, and ground-level evidence to
outline actionable policy implications, operational challenges, and recommendations to
enhance the impact of Digital Health Interventions (DHIs) on child immunization in India.

4.2.1 Policy Implications

Area

Integration of DHIs

Decentralized
Implementation

Equity-driven Design

Real-Time
Monitoring

Cross-sector
Collaboration

Implication

Mandate integration of platforms
like eVIN, CoWIN, and mobile
reminders into UIP

Empower district health officers to
use localized DHI dashboards

Prioritize DHI rollout in
low-literacy, low-urban districts

Shift from annual reviews to
real-time dashboards for vaccine
stock, dropout, and zero-dose cases

Encourage public-private and
tech-NGO partnerships to scale
mHealth platforms

Justification

Statistical results show strong
correlation (p = 0.64) and regression
significance (p = 0.18)

NFHS-5 shows high variance in
immunization rates across districts with
similar state policies

Female literacy (p =0.12, p <0.01)
and urbanization (§ = 0.09) impact
immunization outcomes

CoWIN/eVIN have demonstrated
real-time visibility during COVID-19

Evidence from TikaVaani and mSakhi
shows improved uptake when
community involvement is present
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4.2.2 Operational Challenges

Category

Infrastructure

Capacity
Building

Data Privacy &

Ethics

Fragmentation

Sustainability

Challenge

Digital lackness in remote
regions

Health workers need digital
training and information

Risk of personal data misuse

Lack of interoperability between
systems (e.g., RCH portal,
CoWIN, eVIN)

Project-based DHI funding limits
long-term continuity

4.2.3 Recommendations

Details/Examples

Lack of smartphones/network
hampers mobile reminders and eVIN
deployment

ASHA workers often not trained to
use mobile reporting or IVR or DHI

NFHS-5 mentions privacy sensitivity
to data, especially among tribal/rural
women

Leads to data duplication and
inefficiencies and biases.

Many digital pilots (e.g., voice
reminder systems) discontinued
post-pilot phase

A. For Government Bodies (MoHFW, NHM, State Health Depts)

e Institutionalize interoperability standards that aligned with ABDM (Ayushman Bharat
Digital Mission)

e Expand eVIN to covercomplete entire cold-chain logistics, including outreach

immunization camps
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e C(reate a National Immunization Digital Dashboard integrating all DHI like CoWIN,
eVIN, and ANM registers

e Introduce performance-linked incentives for ASHA/ANMSs using mHealth tools and
training.

B. For Implementing Partners (NGOs, CSOs, Donors)

e Build community-based DHI models like (e.g., Tika Vaani, mMitra)

e Focus mostly on gender-sensitive communication tools—especially for female
caregivers

e Train frontline workers like asha or primary health worker in vernacular-based tech
tools and audio-based reporting

C. For Technologists and Innovators

e Develop low-bandwidth DHI solutions compatible with basic phones

e Use Al-based analytics to predict dropout risk based on location, literacy, and mobility

and other indicators.

e Build FHIR-compliant immunization registries aligned with ABDM standards to
interchange data.

D. For Researchers and Policymakers

e Encourage state-level research grants to evaluate DHI effectiveness
post-implementation

e Include DHI exposure variables in national surveys like NFHS-6, LASI, and CNNS
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Conclusion

Digital Health Interventions, especially when well-integrated with community outreach and
primary care workflows, hold the potential to bridge immunization inequities in India. The
next phase of scaling DHIs should focus on interoperability, inclusivity, and institutional

sustainability.

Data Analysis and Interpretation :

4.3 Introduction to Data Analysis

This chapter presents an in-depth analysis of the impact of digital health interventions (DHIs) on
child immunization coverage in India. Drawing upon NFHS-5 data, national program reports,

peer-reviewed literature, and case studies, the analysis explores trends, disparities, and the
statistical correlation between digital health adoption and vaccination uptake.

4.3.1Data Sources and Methodology

Data Source

NFHS-5 (2019-21)

NFHS-4 (2015-16)

UNDP eVIN
Evaluation Reports

CoWIN Dashboard

Peer-reviewed
Studies (n=30)

State Government
Reports

Description

National Family Health Survey covering
health, demographic, and immunization
indicators

Baseline comparison to assess progress

Reports on eVIN coverage and
effectiveness

Data on registration and vaccination
tracking

Published research on mHealth, CoWIN,
eVIN, Tika Vaani, etc.

District-wise immunization status

Use in Study

Primary quantitative
dataset

Time-series comparison

DHI performance insights
COVID-19 and routine
immunization integration

Secondary validation

Contextual validation
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Table 4.6 Data Sources and Methodology

4.3.2 National-Level Immunization Trends (NFHS-4 vs NFHS-5)

Immunization Indicator NFHS-4 NFHS-5 %
(2015-16) (2019-21) Change

Fully Immunized Children (12-23 62.0% 76.4% +14.4%
months)
BCG Vaccine 91.9% 92.7% +0.8%
DPT (3 doses) 78.4% 83.6% +5.2%
Polio (3 doses) 72.8% 78.6% +5.8%
Measles 81.1% 88.0% +6.9%

Table 4.8 . National-Level Immunization Trends (NFHS-4 vs NFHS-5)

Interpretation:

e The most significant increase is in full immunization (14.4%), reflecting the effect of
interventions including eVIN, CoWIN, and mHealth initiatives.

e States with broader DHI deployment reported sharper increases in vaccine uptake.

38



4.3.3 State-wise Analysis of Immunization and DHI Implementation

State Full Immunization eVIN CoWIN/DHI Observations
(NFHS-5) Coverage Pilot

Kerala 90.2% Full Yes High literacy, full
digital integration

Bihar 64.4% Partial Tika Vaani Low base, gradual
improvement

Nagaland 57.6% None None DHI needed

Rajasthan 83.0% Full Yes Strong eVIN
performance

Madhya 80.5% Full Yes Stock-out reduction

Pradesh linked to eVIN

Table 4.8 State-wise Analysis of Immunization and DHI Implementation
Interpretation:

e States with full eVIN and DHI integration (e.g., Rajasthan) show significantly better
immunization coverage.

4.3.4. Impact of eVIN (Electronic Vaccine Intelligence Network)
Key Findings from UNDP Reports:

e [ts find that implemented in all states and UTs by 2020.
e Reduced vaccine stock-outs by over 80% throughout country.

e Improved vaccine logistics and cold chain visibility

Statistical Insight:

e In states with full eVIN rollout and vaccine allocation, full immunization increased by
10—15% more than in states without it.



State Stock-out Rate Before eVIN After eVIN Chane
Rajasthan 18% 3% -15%

MP 22% 5% -17%

4.3.5 CoWIN Platform and Routine Immunization Integration

Functionality:

e Originally launched for COVID-19, adapted for child immunization.

e Tracks beneficiaries, schedules sessions, real-time dashboards.

Case Study: Maharashtra Pilot

e [ts found that increased coverage of measles and DPT vaccines by 8—12%.

e Also its shows reduced missed appointments by 25%.

Key Insights:

e Data transparency helped in planning high-risk area drives.

4.3.6 mHealth, IVRS, and Tika Vaani

Intervention Description Location
Tika Vaani Mobile IVRS + Community Outreach ~ Bihar, UP
mMitra Voice message-based Mabharashtra

ANC/immunization reminders

Mobiles4Mother  Real-time tracking + alerts Rajasthan

Table 4.10. mHealth, IVRS, and Tika Vaani

Outcome

+19% awareness, +15%

coverage

Improved DPT uptake
by 18%

Timeliness improved
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4.3.7 Rural vs Urban Disparities

Population Group Full Immunization (NFHS-5)

Urban 80.1%
Rural 74.3%
Insight:

e Its found that the rural-urban gap has narrowed due to mobile and IVRS-based

campaigns.

4.3.8.Correlation Analysis
Hypothesis: DHI presence improves immunization rates.
Spearman Correlation Results:

e ¢VIN coverage vs Immunization Rate: r =0.64 (p <0.01)

e Mobile-based intervention vs DPT completion: r = 0.49 (p < 0.05)

4.3.9. Case Studies Summary
State Intervention Key Outcome
Bihar Tika Vaani +15% increase in coverage
Maharashtra CoWIN Routine +12% improvement in tracking

Rajasthan eVIN 80% reduction in stock-outs
Table 4.11 Case study summary

4.3.10 Key Barriers and Limitations
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e [ow digital literacy in tribal/rural belts
e Limited mobile penetration in hilly regions

e Initial resistance from health workers

4.3.11. Summary of Key Findings

e The research shows that digital health interventions have led to 10-20% improvement in
immunization rates in pilot regions.

e NFHS-5 data supports positive correlation with state-level digital program
implementation mostly in DHI implementation.

e Continued scale-up and integration into the Universal Immunization Program (UIP) is
vey critical.
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Chapter 5: Discussion
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5.1 Overview of Findings

We set out to answer a straightforward question: Do digital health tools actually help get more
children vaccinated in India? To find out, we took two approaches—we carefully read through 30
studies on the topic and then crunched the numbers from India's latest national health survey
covering all districts. What we discovered was encouraging: when digital health programs are
done right and woven into the existing health system, they really do make a difference in getting
kids their shots.

5.2 Interpretation of Thematic Findings

From all the research we reviewed, six main types of digital health programs emerged. These
don't work in isolation—they often overlap and support each other.

5.2.1 System-Level Interventions (eVIN, CoWIN, ANMOL)

The big government digital platforms turned out to be the real game-changers. Take eVIN, the
system that tracks vaccines from storage to delivery—districts using it saw meaningful
improvements in vaccination rates. The numbers don't lie: there's an 18% boost in coverage
where eVIN is working properly.

This makes perfect sense when you think about it. Before these systems, health workers were
often flying blind—not knowing if vaccines would arrive on time, whether the cold storage was
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working, or if they had enough supplies for the month. Now they can see everything in real-time
and plan accordingly.

CoWIN, which most people know from the COVID vaccination drive, proved it could handle
massive scale. The platform's ability to track millions of people and send automated reminders
showed what's possible when you build robust digital infrastructure that actually works.

5.2.2 Mobile Health and Caregiver Communication

Text messages and voice calls to parents showed moderate success in getting kids vaccinated. It's
not revolutionary, but it works—especially when parents get that simple reminder saying "Ravi's
measles shot is due next Tuesday."

But here's the catch: these mobile programs work much better in cities than in rural or tribal
areas. It's the same old story—families with smartphones and literacy benefit, while those who
need help most get left behind. Programs like Tika Vaani found that combining automated
messages with real conversations led by community health workers produced the best results.

5.2.3 Human + Tech Models

This is where things get really interesting. The most successful programs weren't purely
digital—they paired technology with real people. When community health workers used apps to
do their jobs better and then followed up with families in person, vaccination rates jumped
significantly.

It turns out that an ASHA worker showing up at your door with vaccine information on her
phone, ready to answer your specific concerns, is way more effective than just getting a text
message. Technology amplifies human connection rather than replacing it.

5.2.4 Equity and Regional Disparities

Even with all these digital advances, some communities are still being left out. The data shows
that children in Bihar, Jharkhand, and northeastern states are still missing vaccines at alarming
rates. Urban slums and tribal areas continue to struggle.

Here's the uncomfortable truth: digital tools can either help level the playing field or make
inequalities worse. If we only roll out smartphone apps in areas with good internet, we're just
helping families who were already doing okay while ignoring the kids who need vaccines most
desperately.

5.3 Quantitative Evidence and Its Alignment with Literature
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When we looked at the hard numbers from the national survey, the patterns became clear:

Districts with eVIN showed strong correlations with better vaccination coverage—64% to be
exact. This suggests that having reliable vaccine supply chains really does translate into more
kids getting their shots.

Mobile health programs showed moderate success at 49%, which probably reflects the reality
that these programs work great in some places and poorly in others.

Overall, digital health interventions, combined with factors like literacy and urban development,
explained more than half of why some districts do well with vaccination while others struggle.

5.4 Comparison with Existing National and Global Evidence

What we found in India mirrors what's happening globally. Countries like Bangladesh and Kenya
have seen similar improvements when they digitized their immunization programs, but they also
needed serious investment in training people and engaging communities.

The success stories within India—states like Himachal Pradesh and Kerala with vaccination rates
above 90%—show what's possible when you combine good digital systems with effective
governance and engaged health workers.

5.5 Theoretical Implications

Our findings support what researchers have long suspected:

People adopt new technology when it makes their lives easier and actually works. Health
workers embraced digital tools that simplified their paperwork and helped them do their jobs
better.

Better-educated, more connected districts tend to adopt digital health tools faster and more
successfully—it's not surprising, but it's important to acknowledge.

Digital health works best when it strengthens multiple parts of the health system
simultaneously—information systems, supply chains, and actual service delivery.

5.6 Practical Implications

For government officials: It's time to connect eVIN and CoWIN into one unified system so we
can track children's vaccination history from birth through adolescence without losing
information between platforms.

For health workers: Any new digital tool needs to work on basic phones, be available in local
languages, and function even when internet connections are spotty.
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For technology developers: Build systems that can talk to each other and adapt as needs change,
rather than creating isolated digital islands.

For international organizations and NGOs: Focus funding on training people and changing
behaviors, not just buying fancy technology. The human element is what makes or breaks these
programs.

5.7 Limitations of the Study

We need to be honest about what this study couldn't capture:

The national health survey doesn't directly ask families about their experience with digital health
tools, so we had to make educated guesses about which districts were using these programs.

Since we're looking at data from one point in time, we can show associations but can't
definitively prove that digital tools caused the improvements.

We couldn't account for everything that affects vaccination rates—Ilike local vaccine hesitancy,
seasonal migration patterns, or specific state-level programs that might skew results.

Just because a district has a digital health program doesn't mean it's being used effectively or
consistently.

Future studies should directly ask families and health workers about their experiences with these
digital tools to get a clearer picture.

5.8 Future Research Directions

To really understand what's working, we need:

The next national health survey should include specific questions about families' experiences
with digital health programs.

Long-term studies that follow the same communities over time to see how digital interventions
actually change behavior.

Honest cost-benefit analyses to determine whether these digital programs are worth the
investment.

Focused studies on tribal, nomadic, and urban poor communities to figure out how to make
digital health truly inclusive.

5.9 Conclusion
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Digital health tools aren't magic bullets, but they're powerful weapons in the fight to get every
child vaccinated. The key is implementing them thoughtfully—making sure they fit local needs,
connecting them with existing government programs, and pairing them with real human support.

As India builds toward universal digital health coverage, the lessons from these immunization
programs provide a solid foundation. The technology works, but only when it serves people
rather than replacing them.

Chapter 6 : Conclusion and
Recommendations
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6.1 Conclusion
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This research set out to answer a straightforward but crucial question: '"To what extent have
digital health interventions (DHIs) impacted child immunization coverage in India, based
on insights from NFHS-5 data?"

Key Findings:

The digital health tools that India has been rolling out over the past few years are actually
making a real difference in getting children vaccinated. The eVIN system, which tracks vaccines
from storage facilities to health centers, showed particularly strong results—districts using this
system had significantly better vaccination rates, with a 64% correlation and an 18% boost in
coverage. Mobile reminders sent to parents also helped, increasing the likelihood of a child
getting vaccinated by 13%.

But here's what's equally important: traditional factors still matter enormously. Children whose
mothers can read and write, families living in cities, and wealthier households continue to have
much better vaccination rates. Meanwhile, despite all our technological progress, kids from rural
areas, tribal communities, and poor families are still missing out on life-saving vaccines.

What This All Means:

Digital health tools aren't miracle cures that fix everything overnight. Think of them more like
really good assistants—they help health workers do their jobs better and make it easier for
families to stay on track with vaccinations. The magic happens when you combine smart
technology with dedicated people, proper training, and systems that actually reach everyone who
needs them.

6.2 Contributions of the Study

This research fills a significant gap in our understanding of whether digital health programs
actually work on a national scale. Instead of relying on small pilot projects or individual success
stories, we analyzed data from families across every district in India—giving us the most
comprehensive picture yet of digital health's impact on childhood vaccination.

We also took a unique approach by combining hard statistical analysis of survey data with
insights from 30 different research studies. This gave us both the big-picture numbers and the
detailed understanding of why some programs succeed while others struggle.

Most importantly, we've created a practical roadmap that government officials and health
program managers can use to improve vaccination efforts across the country.

6.3 Policy Recommendations
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1. Get eVIN and Digital Record Systems Everywhere

Every district in India should have access to digital vaccine tracking systems, especially those
remote areas where running out of vaccines is still a common problem. But simply installing the
technology isn't enough—health workers need thorough training on how to use these systems to
manage vaccine supplies in real-time.

2. Combine Digital Tools with Personal Outreach

The most successful programs pair automated reminders with real human follow-up. When
parents receive a text about their child's upcoming vaccination and then an ASHA worker visits
to answer questions and address concerns, that's when you see the best results. Design programs
that use technology to make community health workers more effective, not to replace them.

3. Focus on Children Being Left Behind

Every new digital health program should start by asking: "Will this help the children who aren't
currently getting vaccinated?" Programs need to be designed specifically for areas where kids are
missing vaccines—places with poor internet connectivity, families without smartphones, and
communities where parents can't read text messages. Include features like voice calls in local
languages and ensure women have access to mobile phones.

4. Make All the Systems Work Together

Right now, eVIN tracks vaccine supplies, COWIN manages appointments, and ANMOL helps
nurses with paperwork—but these systems don't talk to each other. Imagine if parents could
register their newborn once and then receive coordinated care throughout the child's early years,
with all the different programs sharing information and working together seamlessly.

6.4 Recommendations for Future Research

We need studies that follow the same families over several years to really understand how digital
health tools change vaccination behavior over time. The current research gives us a snapshot, but
we need to see the full movie.

There's also exciting potential in using artificial intelligence to predict which children are most
likely to miss vaccines and intervene early. But we need rigorous studies to determine whether
these sophisticated tools actually work better than simpler, more direct approaches.

Finally, we should dive deeper into the psychology of vaccination decisions. What types of
digital messages are most effective? What makes some families respond to reminders while
others ignore them? Understanding the human side of the equation will help us design better
programs.
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6.5 Final Reflections

India has built something remarkable—a digital health infrastructure that can reach hundreds of
millions of people. Countries around the world are watching and learning from what we've
accomplished. But this research shows that technology alone isn't the answer.

The real power of digital health comes from understanding that behind every statistic is a parent
making decisions about their child's health. When we build systems that honor that human
element—combining cutting-edge technology with community trust, cultural understanding, and
genuine care—that's when we can achieve something truly transformative.

Getting every child vaccinated isn't just about preventing disease. It's about proving that we can
build health systems that work for everyone, especially those who need help most. We have the
technology. We have the knowledge. The question now is whether we'll use these tools to bring
people together or leave some behind.
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