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Scope

• Scope of this talk:
• Digital/computational trends in influenza surveillance
• Models of influenza spread at the population level

• Types of forecasts that get generated
• Involvement of human experts in the process

• Not covered:
• Influenza evolution at the sub-human level
• Viral phylodynamics 

• Hospitalization and mortality Surveillance
• Interventions and counterfactuals

• Pandemic preparedness efforts
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Introduction



Influenza surveillance in the United States
• CDC ILINet

• U.S. Outpatient Influenza-like Illness Surveillance Network 

• WHO/NREVSS Virological Surveillance



State level ILI surveillance

Made available before start of 2017-18 season. Covers past 6 influenza seasons



Spatial activity map

Using proportion of outpatient ILI visits to healthcare providers to measure activity level within a state



Other data streams

Participatory 
surveillance

Search-based 
surveillance

Social/News media
surveillance



Modeling



Disease Model

Kermack and 

McKendrick SIR 
model

• Individuals in the population step through S, E, I and R states
• The duration spent in Exposed (E) and Infectious (I) states are given by 

incubation and infectious periods
• Probability of infection of a susceptible individual is proportional to:

• Duration of time spent in contact with an infected individual
• Number of infected individuals in the population

Compartmental
(all-meet-all)



Population interaction models

Compartmental
(all-meet-all)

Agent-based
(contact network)

Patch model
(mixed)

Models can be deterministic or stochastic.



National mobility based model
Commuter flow network

Airline network



High resolution social contact networks

Schedule creates contacts

Contacts represented 
as a graph



Forecasting



Statistical forecasts
• Time series models

• Look for trend and seasonality in the data

• ARMA models (Auto-regression and moving average)

Forecasts made for 2017-18 at the beginning of season



Short-term vs Seasonal forecasts

• Short-term: Forecasting next four 
weeks ILI %

• Seasonal: Forecasting peak intensity, 
peak week



Flu Forecasting 2017-18



data 
collection

GHT

CDC ILINet 
region data

CDC ILINet 
state data

Production Pipeline for AccuWeather

ensemble

AWS

causal 
methods

EpiFast/DL

ODE/Bayesian

baseline 
methods

Naïve

Markovsynthetic 
pop. data

other 
data

cleaning

imputation

merging

scaling

ground truth

case counts

activity levels

predictions

case counts

activity levels

AccuWeatherevaluation



Activity level forecasts
1 week ahead 2 weeks ahead 3 weeks ahead

Observed ground truth

Forecasts



EpiCaster
• National level influenza forecasts down to the county resolution
• Calibration/validation done at state level. 
• http://epicaster.vbi.vt.edu/epicaster/epicaster.html 

http://epicaster.vbi.vt.edu/epicaster/epicaster.html
http://epicaster.vbi.vt.edu/epicaster/epicaster.html


High resolution forecasts
• Case study with New York City ILI ED visits.  (Available from https://a816-

healthpsi.nyc.gov/epiquery/) 

Borough level data
 - Mechanistic model between counties
 - Short term and long term forecasts

Zip code level data
 - Regression model for short-term forecasts

https://a816-healthpsi.nyc.gov/epiquery/
https://a816-healthpsi.nyc.gov/epiquery/
https://a816-healthpsi.nyc.gov/epiquery/


Crowdsourcing



CDC FluSight Challenge

predict.phiresearchlab.org/

Participating 
Teams

Seasonal
forecasts

Short-term
forecasts



EpiCast (Delphi CMU)

https://epicast.org/

• Crowd-sourced forecasting of ILI curve

Ground
truth

Forecast



Crowd Wisdom: Flu



My4Sight

• Crowd-sourced evaluation of other teams’ predictions using My4Sight
• Weekly evaluations by NDSSL staff/students



Narrative Summary
• Current situation and model forecasts summarized verbally with 

highlights (partially automated)

Sample from the Narrative summary for EW10



Going forward…

• Global dynamics modeling  - Multiple strains (FluA, FluB)

• What-if forecasts (vaccine coverage, school/work closures)

• Better LONG-term forecasts – for planning purposes

• Holy grail: Personalized forecasts 

We need you!

• Expert feedback on improving models and forecasts

• Narrative summary aimed at clinicians/hospital administration

• Finer resolution modeling within VT Blacksburg campus



Thank you!

vsriniv@vt.edu
@sriniv_venkat

mailto:vsriniv@vt.edu
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