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Forecasting Infectious Diseases: 

• Allows communities to allocate 
resources/budget, inform public policy, 
improve preparedness.

• Traditional methods are based on 
ordinary differential equations and agent-
based models. Calibration is non-trivial.

• Data collection has increased, but 
traditional methods have difficulties 
ingesting these data sources.

Why computational data-driven models?

• Epidemic spread is a spatiotemporal 
phenomena over multi-scale networks.

• New end-to-end methods available 
capable of modeling data with minimal 
assumptions.

INTRODUCTION

IMPACT & OUTREACH

DEEP LEARNING FRAMEWORKS

During our real-time forecasting experience, we have identified multiple 
challenges, which we study in our work:
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AI Frameworks for Data-centric Epidemic Forecasting
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Our response to the COVID-19 pandemic:

• Explored performance and utility of purely data-driven models 
in short-term forecasting in CDC initiatives real-time forecasting 

Target 1: Influenza like 
illness per week

Target 2: Weekly Covid 
Mortality

Target 3: Daily Covid 
Hospitalizations

Out of 115 global participants

Organized by

Out of 777 participants

Only individual Deep 
Learning model in top-5 
accuracy in the CDC-led 
evaluation for 1+ year

Tutorial at KDD 
2022 &
Workshop for 
West-African 
Countries

Top-5 in CDC Forecast Hub Workshops and Tutorials
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Differentiable ABM+ deep neural networks        Best paper award at AI4ABM@ICML

[1] Steering a historical influenza model for the COVID pandemic

Spatio-temporal modeling + heterogenous domain transfer learning

Recurrent graph neural networks

[2] Leveraging data revision dynamics to refine forecasts

[4] Differentiable Agent-based Epi Modeling for End-to-end Learning
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Revision Week
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CONCLUSIONS

Revision Error

Stabilization time

Revision Dynamics

Real-time Model 
Evaluation

Novel forecasting scenario Historical Models Do Not Adapt

Positive and Negative 
Transfer Learning Performance in Adapting

Refined Model 
Evaluation

Average 
Improvement

% of Improvement 
per Week

We have showed different facets of the utility of data-driven and theory-
informed neural models in epidemic forecasting, even in emerging 
pandemics. Our methods have enabled applications and moved forward 
the state-of-the-art performance in epidemic forecasting. 

Physics-informed neural networks + sequential networks

[3] Epidemiologically-informed neural networks
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Disease transmission via message passing

Forecasting COVID-19 and Influenza

What-if analysis

Categorical reparametrization
and disease progression

Robustness to noise

Forecasting COVID and influenza Summary of resultsGradient approx.:

Epi-domain constrains

Overcome spectral bias: 
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