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ABSTRACT
BACKGROUND AND OBJECTIVE:

Emerging zoonotic diseases pose increasing threats to urban populations in India,
exacerbated by high population density, rapid urbanization, and global connectivity.
mRNA vaccines, accelerated through artificial intelligence (Al)-guided design, offer a
promising translational public health intervention to prevent outbreaks. This study
evaluates the framework for deploying Al-driven mRNA vaccine strategies for emerging

zoonotic diseases in urban India.
METHODS:

A translational public health framework was developed integrating epidemiological
modeling, Al-based antigen prediction, and vaccine distribution planning. Urban
population data, zoonotic disease incidence reports (2015-2025), and health
infrastructure metrics were analyzed. The framework incorporates predictive modeling
for outbreak hotspots, real-time vaccine efficacy simulation, and scenario-based
deployment strategies.
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RESULTS:

Al-guided antigen prediction reduced mRNA candidate selection time by 65% compared
to traditional methods. Urban hotspot mapping identified 12 high-risk districts in five
metropolitan cities. The framework projected a 48% reduction in outbreak incidence
with rapid mRNA vaccine deployment coupled with targeted community vaccination.
Cost-effectiveness analysis indicated a 1.8-fold improvement in resource utilization for

vaccine prodsuction and distribution.
CONCLUSION AND IMPLICATIONS FOR TRANSLATION:

Al-driven mRNA vaccine strategies offer a feasible and scalable approach for controlling
emerging zoonotic diseases in Indian urban contexts. Integrating Al with translational
public health planning can optimize vaccine design, deployment efficiency, and

outbreak mitigation, informing policy-level decisions for epidemic preparedness.

Keywords: Al-driven vaccines; mRNA; zoonotic diseases; translational public health;

urban India; epidemic modeling; vaccine distribution

INTRODUCTION
Background of the Study

Emerging zoonotic diseases, including Nipah virus, H5N1 influenza, and novel
coronaviruses, present significant public health challenges in urban India.[1,2] Rapid
urbanization, human-animal interface expansion, and global travel increase outbreak
risk, necessitating advanced preventive strategies.[3,4] Traditional vaccine
development is often time-intensive, limiting rapid response during outbreaks. mRNA
vaccines, enhanced by Al-driven antigen prediction and optimization, enable

accelerated development, offering potential for timely translational interventions.[5,6]
Objectives of the Study

1. To design a framework for Al-driven mRNA vaccine strategies targeting emerging

zoonotic diseases in urban India.

2. To evaluate the effectiveness, feasibility, and scalability of Al-guided vaccine
deployment in urban health settings.

2

AI-DRIVEN mRNA VACCINES IN URBAN INDIA

Miss. Srishti Pawar et al



International Journal of Nursing and Medical Science 2026:15(05), 01-09
[JINMS ISSN: 2454-6674

3. To assess the translational public health implications of integrating Al with mRNA

vaccine strategies.
Specific Aims and Hypothesis
Aims:

e Develop predictive Al models for identifying zoonotic antigens suitable for mRNA

vaccine design.
o Simulate urban outbreak scenarios and optimize vaccine deployment strategies.
* Analyze cost-effectiveness and public health impact of Al-guided vaccine programs.
Hypothesis:

Al-driven mRNA vaccine strategies can significantly accelerate vaccine development
and improve outbreak mitigation outcomes in urban India compared to conventional

vaccine approaches.[7]
METHODS
Study Design:

A translational public health framework study integrating epidemiological data, Al-

assisted mRNA vaccine design, and urban health deployment simulations.
Data Sources:
e Urban population and density metrics from Census of India (2011-2021)

e Zoonotic disease incidence from National Vector Borne Disease Control
Programme (NVBDCP) and Integrated Disease Surveillance Programme (IDSP)

reports

e Health infrastructure data from Ministry of Health and Family Welfare (MoHFW)

databases
Reporting Guideline:

The study follows the STROBE (Strengthening the Reporting of Observational Studies in

Epidemiology) guidelines for translational public health research.[8]
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Figure 1. Urban mRNA Vaccine Deployment Simulation
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Study Variables:
Dependent Variable: Projected outbreak incidence reduction (%)

Independent Variables: Al-driven mRNA vaccine deployment, hotspot prioritization,

urban population density

Covariates: Health infrastructure availability, socioeconomic status, population

mobility, prior immunity levels
Statistical Analysis:

Data were analyzed using R software version 4.3.2 (R Foundation, Vienna, Austria).
Predictive modeling employed Al-based antigen selection algorithms and machine
learning classifiers (random forest and XGBoost). Cost-effectiveness analyses used
standard health economic modeling techniques.[9,10] Data visualizations and urban

hotspot mapping were performed using QGIS version 3.32.
RESULTS
Sociodemographic Characteristics

Urban populations analyzed included 5 metropolitan cities: Delhi, Mumbai, Bengaluru,
Hyderabad, and Kolkata. Population densities ranged from 11,000 to 29,000
individuals/km?. High-risk groups identified were individuals in informal settlements

and healthcare workers.
Main Variable (Dependent) Results

Al-guided mRNA vaccine candidate selection reduced development timelines from 8
months to 2.8 months. Model simulations projected a 48% reduction in outbreak
incidence when vaccines were deployed within two weeks of outbreak detection in

hotspot districts.
Other Variables (Covariates) Results

Health infrastructure availability influenced vaccine coverage, with higher coverage in
districts with 280% hospital accessibility. Population mobility was a significant
covariate affecting outbreak spread, with urban migration patterns increasing potential
secondary transmission by 23%.
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Table 1. Urban Hotspot Districts and Risk Levels

City Districts Population | Risk Level | Outbreak
Identified Density (High/Medium) | Probability
(/km?) (%)
Delhi North, East 28,500 High 71
Mumbai Andheri, Kurla 29,000 High 68
Bengaluru | Mahadevapura 13,200 Medium 52
Hyderabad | Secunderabad 18,500 High 63
Kolkata Howrah 11,000 Medium 50
Table 2. AlI-Guided Vaccine Development Timeline Comparison
Method Candidate Clinical Trial Prep | Total Timeline
Selection Time
Traditional 6 months 12 months 18 months
Al-Driven 2.1 months 7 months 9.1 months
mRNA
DISCUSSION

The study demonstrates that integrating Al with mRNA vaccine development can
significantly reduce outbreak response time in urban Indian settings. Rapid antigen
prediction, hotspot prioritization, and scenario-based deployment enhanced
translational effectiveness. Previous studies have validated Al-assisted vaccine design

for COVID-19 and influenza, supporting feasibility for emerging zoonotic threats.[11,12]
Strengths and Limitations
Strengths:

e Novel translational framework integrating Al and public health strategies

e Real-time simulation of outbreak scenarios

e Cost-effectiveness assessment
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Limitations:
e Reliance on secondary epidemiological data may introduce reporting biases
e Limited real-world validation; pilot studies recommended
e Urban focus may not generalize to rural settings

Recommendations:

Future studies should incorporate longitudinal surveillance and real-world vaccine

deployment trials to validate Al-guided mRNA strategies.
CONCLUSION AND IMPLICATIONS FOR TRANSLATION

Al-driven mRNA vaccines provide a transformative approach for managing emerging
zoonotic diseases in urban India. Policymakers should integrate Al-guided frameworks
into epidemic preparedness programs, ensuring timely vaccine design, optimized
resource allocation, and effective outbreak mitigation. This strategy represents a critical

step in bridging translational research with actionable public health interventions.
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Key Messages
1. Al-driven mRNA vaccines significantly accelerate outbreak response in urban India.

2. Hotspot-based vaccine deployment improves translational public health efficiency.
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3. Integrating Al with public health frameworks enhances cost-effectiveness and

scalability.
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