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Colorado’s HPAI Response
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● ~ 4.25 million laying hens - 5 commercial sites

○ ~900M table eggs per year

● W. Slope - broiler breeders

○ ~650,000 breeders; 80.5M eggs year

● Niche layer flocks, specialty flocks

● Waterfowl, gamebirds

● Backyard, exhibition

Colorado Poultry Industry
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● ~ 200,000 milking cows

● 105 licensed dairy farms

○ 86 individual dairy cow premises

● 2nd nationally - milk per cow

● 13th nationally - total milk production

● 5.2 billion pounds of milk annually

Colorado Dairy Industry
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● One Health, balanced response

● State and federal animal health officials

● State, federal, local public health officials

● Industry - dairy, poultry

● Veterinarians

● Academia and research

Partnerships



Dairy Cattle:

● 64 confirmed positive (63 released from QT)

Poultry:

● 2 backyard confirmed positive 

● 3 commercial confirmed positive - 3.3M

Domestic Cats:

● 6 confirmed positive

Human Cases: 

● 10 confirmed positive

April 2024 - present

H5N1 2.3.4.4b
B3.13

Colorado HPAI 
Outbreak



Epi Curve by Presumptive Positive Date
Mandatory Testing Order 



CO Bulk Tank Testing Results
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● Define state and national goals in response

○ elimination of HPAI/H5N1 in dairy cattle?

● Long-term surveillance strategy

● Update response as we understand disease

● Understand the long-term impacts to dairy herds

● Lessons learned from outbreak

○ biosecurity for FADs

Next Steps



Computational Epidemiology 
Perspective:
Foresight and Preparedness Across 
Public Health, Health Care, 
and Farming Systems
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October 23rd, 2024
Bryan Lewis PhD MPH  
on behalf of Abhijin Adiga,  Ayush Chopra, Mandy Wilson, S. S. Ravi, 
Dawen Xie, Samarth Swarup,  Andrew Warren, Ramesh Raskar, 
and Madhav Marathe

Funding Acknowledgement: Work funded 
in part by CDC PGCOE, NSF Expeditions, 
USDA NIFA-sponsored AgAID Institute, 
NSF PIPP-Phase 1 and DTRA Grants as 
well as University SIF Funds. 

http://biocomplexity.virginia.edu/


Where are we?

●COVID-19 lessons learned, and knowledge are still fresh

○ Accessible tools & methods 

●HPAI (H5N1) spillover and spillback 
is more complicated than COVID-19

●Have more data and attention than 
previous potential pandemics

●Memory of COVID-19 and eroding of
trust remains, challenges tracking and response



Limitations and Gaps

●Siloed nature of relevant data sources 

●Communication channels between policy and researchers

○ What questions are most relevant to whom?

●  Responsibilities and goals are myriad and split across 
several governmental agencies

○ Industry’s role is central, yet has limited involvement

●COVID fatigue



Digital Similar of the System 

●Need to account for multiple 
entities and the interactions in 
this complex system

○Understanding the dynamics

○Test  significance of pathways

○Design of robust surveillance 

○Evaluate courses of action for  
response and policies



Digital Similar

A US-scale multi-layered high-
resolution digital representation of

● Livestock
○ Multiple livestock populations
○ Operations by size

● Processing centers: 
○ milk and meat

● Wild birds
○ Multiple species of migratory birds
○ Abundance & movement

● Human population
○ By size and occupation type.

Standardized to a grid-level 
representation. (approx. 5mile x 
5mile)



Datasets & Literature
Diverse data fusion
● Census
● Location data
● (data+model) derived synthetic datasets

Purpose: Construction & validation



Livestock

● A high-resolution spatial 
distribution of livestock at 
subcounty-level that is consistent 
with farm operations.

● Gridded representation
● Cattle, poultry, hogs and sheep.

fid,state_code,county_code,livestock,subtype,x,y,heads
0,1,1,hogs,all,1122,692,24
1,1,1,hogs,all,1120,692,24
852,687,35,17,sheep,1,24,1,12
0,1,1,ckn-broilers,all,1120,692,107160
0,1,1,cattle,beef,1122,692,8
0,1,1,cattle,other,1122,692,1
0,1,1,cattle,all,1122,692,9

Number of large 
farms

● Farm id
● Corresponding state, county
● Livestock type=chicken
● Coordinates x=1120, y=692
● Total heads: 107160



Processing centers

● Pasteurization plants
○ Food Safety and Inspection Service, 

USDA
○ Types of processing and products are 

provided
○ Large plants covered

● Meat processing
○ Agricultural Marketing Service, USDA
○ Poultry
○ Slaughter



Human Population and Activities

● Population distribution with special emphasis on subpopulations associated with 
livestock and related activities.

● Data: National-scale digital twin of population and activities derived from open, 
as well as proprietary datasets

● Population was filtered by occupation code (SOCP) and industry code (NAICS).
○ SOCP/NAICS codes corresponding to livestock activities were identified: farm workers, 

veterinarians, equipment handlers, processing, etc.
○ Population assigned to grids based on residence location.



Web Portal for digital similar

https://ditto.bii.virginia.edu/



Web Portal and Data access through APIs
The web portal will allow users to 
view our datasets aggregated to 
the county level, download our 
datasets, and get more information 
about how the datasets were 
created.

Choose between 
species types

Toggle between heatmaps (# 
of animals, abundance, etc.)

Click on the map to get information about the selected 
region or to drill down to the county level.

The Data tab allows for data 
browsing and download.

https://ditto.bii.virginia.edu/

Download Dataset



Ag Workers and Dairy Cattle

Estimated Risk Levels for 
States with Reported Cases 

● Unconditional risk estimates 
aggregated from grid-level 
colocation of agricultural 
workers with dairy cattle.



Next Steps and Priorities

●Starting more collaborative hubs
○ Focuses work towards a common goal and 

unifies data sources and analyses

●Continued support of projects focused 
on Pandemic Preparedness as well as 
data and tool provision

●Studies that capture the ”denominator” 
of drivers of transmission

○ For example, volumes of cattle transfer 
without transmission



H5N1 Communication 
Research & Implementation 

Needs 

INFORMATION 
FUTURES LAB

Stefanie Friedhoff
Professor of the Practice

Director, Information Futures Lab
Brown University School of Public Health

From Pandemic Fatigue to Readiness:



Where we (as responders) are finding ourselves

● Pandemic eroded trust in authorities & public 
health.

● Effective communications is articulated as a key 
priority in preparedness and response efforts. 

● Nobody wants to think about another outbreak, 
let alone a pandemic. 

● Politics are making cross-agency and federal-
state collaboration complicated. 



Where people are finding themselves 



‘Virus in milk’: Google Trends



‘Virus in milk’: Where people were searching



Where people make sense of new information



Who is present where people make sense of information



While validators don’t have what they need to validate



Meanwhile, e.g. in farmworker communities, 
quality information often…

● lacks appropriate language & cultural cues 
● is designed solely for high-speed access  
● is behind a paywall  
● is not in the language spoken by the information seeker 
● is not present in places where people spend their time consuming 

information
● is not designed for people with varying levels of literacies 
● is delivered by messengers people trust only a little/ not at all
● is easily weaponized by bad actors who want to confuse & 

manipulate



Misinformation & conspiracies
Overfocus on this top 20%

People’s concerns, questions & confusion
Big opportunities for building trust and communicating 
effectively are in the lower 80% of the information 
ecosystem 

Current approaches are not where the people are.



Current approaches not made for participatory 
information ecosystems

Source: Edelman Trust Barometer 2024



We need to create a new evidence base for 
effective responses in this changed landscape 

Invest in behavioral sciences, digital humanities and computational social 
science research and evaluation on:

➔ Barriers to changing outdated communications practices.
➔ Information inequities & access challenges for high-risk populations. 
➔ The role of online and offline relationships (instead of messages) in 

trust-building. 
➔ How health information consumption and sensemaking are changing 

alongside new technologies. 
➔ How people are groomed into increasingly non-scientific belief frames 

over time (online & offline). 
➔ What is working and not as we test new approaches, e.g. Infodemic 

management. 



There are no silver bullets. Readiness means…

● Building coalitions of partners and infrastructures of trust before 
a crisis. (E.g. NIH CEAL Alliance) 

● Training the public health workforce AND its partners in updated 
communications practices and infodemic management.

● Making communications and countermeasure demand part of 
the preparedness and response framework & including those 
leaders in high-level decision making. 

➔ Making the shift from a message-based framework to an 
infrastructure-based framework.



Thank you!
stefanie_friedhoff@brown.edu
@stef_friedhoff

Learn more at:
sites.brown.edu/informationfutures

Twitter: 
@ifl_brown

LinkedIn: 
https://www.linkedin.com/company/information-
futures-lab

INFORMATION 
FUTURES LAB



© Photo: Peter Hudson

© Photo: Michael Furtman

Raina Plowright
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Looking left: Prevention of pandemics 
through the prevention of spillover 

NASEM HPAI workshop October 2024



Plowright et al. 2024 Nature Communications

Stages of a Pandemic: A series of unfortunate events



Plowright et al. 2024 Nature Communications
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Plowright et al. 2017 Nature Reviews Microbiology

Requisite factors for spillover:.



Requisite factors for spillover:.

Host distribution
Pathogen Infection & 
shedding & survival
Behaviors that lead to 
exposure
Compatibility of pathogen 
with recipient host

Plowright et al. 2017 Nature Reviews Microbiology



Plowright et al. 2017 Nature Reviews Microbiology



Virus evolves in 
bridging host to 
become supercritical 
in humans

Bridging host amplifies 
the virus, shedding high 
doses in proximity to 
humans

Ruiz-Aravena et al. 2021 
Nature Reviews Micro



Source: https://bluedot.global/why-organizations-
should-start-preparing-for-bird-flu-now/

Chains of transmission and cross-species transmission events 
= opportunities for evolution

Antia et a. 2003 Nature



Can we prevent spillover at its  
source?

Photo: © Fer Arce



Until we invest in 
understanding spillover it 
will be a pipe dream

https://www.niaid.nih.gov/sites/default/files/prefusion%20spike.jpg



Missing research investments:

1. Investigate spillovers with a 
transdisciplinary One Health approach 
(immediately, because conditions that 
aligned are fleeting)

Online Coursera on One Health investigation of spillovers and 
outbreaks  to be released in 2025 (led by Emily Gurley at Hopkins)



Investigation of Hendra virus spillovers

https://live-production.wcms.abc-cdn.net.au/

Hendra virus: transmission 
from fruit bats to horses, 
then humans in Eastern 
Australia



Spillover investigations: bats on affected horse 
properties were eating starvation avoidance foods

Peggy Eby

Photo: Doug Gimsey



Eby et al. 2023 Nature



Ducks using cattle facilities in areas where 
wetlands have been destroyed

• Are we investigating the 
role of natural habitat in 
determining foraging 
distribution and behavior of 
migratory birds? 

McDuie et al. 2021 Transboundary & Emerging Diseases



Missing research investments:

1. Investigate spillovers with a 
transdisciplinary One Health 
approach

2. Investigate reservoir host 
ecology (long-term, multi-
scale studies)



Environmental stressors (e.g., Land-
use change, climate change) can lead 

to increased OVERLAP between 
reservoir hosts and bridging 

hosts/humans 

Habitat loss (e.g., wetland destruction)
Climate change (e.g. warming, extreme weather 
events)

 Migratory patterns
 use of agricultural areas

 Foraging behavior in agricultural areas 
(e.g., searching for alternative food)



…..leading to an increased risk 
of viral infection and shedding

Environmental stressors can lead to increased stress and 
decreased energy available…

 Stressors (e.g., longer or mistimed 
migrations, lack of habitat/food) that affect viral 
load, infectious period 

Habitat loss (e.g., wetland destruction)
Climate change (e.g. warming, extreme weather events)



Understanding how spillover happens and 
what drives it leads to new solutions that 
can be combined with traditional 
approaches to prevent and respond to 
pandemics



Thank You

© Photo: Michael Furtman





Potential Explanations for Limited Cooperation

• Dairy community does not feel this is as great a 
threat as we do

• Transient impact on dairy cattle and herds
• Illness among workers mild to moderate

• Financial concerns 
• Distrust of/antagonism towards authority

• Especially post-Covid
• Misinformation



Federal 
level

Health
 Departments

Dairy 
Industry

Human 
 Public Health

Agricultural
Interests

One Health

State
level

Local 
level

Agriculture
Departments

Veterinary
Public Health

• With HPAI H5N1, suboptimal cooperation can result in “no health”
• Some notable exceptions to the rule, e.g. Michigan
• But one health needs to be the rule, rather than the exception

Wildlife
Departments



27 recognized human cases



“If we build it,
 they will come.”



Gaps in National H5N1 Priorities
Implementation Research

• Only reference under human health component:
• Evaluate strategies to increase uptake of 

possible health interventions such as 
diagnosis, treatments and vaccines

• Implementation research will require studies:
• Identify reasons for non-cooperation
• Strategies to promote cooperation
• Evaluation of these strategies
• Refinement as needed



Gaps in National H5N1 Priorities
Animal Health

• Potential reinfection in cows and other mammals
• How much herd immunity is needed to 

protect a dairy herd?
• Will previously infected cows need to be 

vaccinated?
• Companion animals (e.g. cats, ferrets):

• Exposure to raw pet foods
• Exposure to raw milk
• Risk to humans



Gaps in National H5N1 Priorities
Human Health

• Surveillance for conjunctivitis in addition to ILI 
and ARI

• Vaccine:
• Research universal and supra-seasonal 

vaccines that incorporate broadly conserved 
immunogens into existing seasonal vaccine to 
mitigate impact during the time needed to 
develop and deploy a matched vaccine

• Quadrivalent seasonal vaccine now trivalent
• Add H5 antigen into seasonal vaccine

• Assess immunogenicity and safety
• Potential trials in hi-risk individuals
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