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Presenter Notes
Presentation Notes
On behalf a large interdisciplinary collaboration, I’d like to present the Surveillance Optimization Project for Chronic Wasting Disease or SOP4CWD. 
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Growing Distribution of CWD

2000
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CWD continues to spread into new areas of North America. Here it is in 2000.
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Growing Distribution of CWD

2010
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In 2010. 
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Growing Distribution of CWD

2022
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And just recently in 2022. The expansion in the eastern US and Canada is particularly concerning, because it has seemingly gone from nowhere to everywhere in a flash.  
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The Early Days of SOP4CWD (2020)

Participation by federal agencies does not imply endorsement by the U.S. Government.

Presenter Notes
Presentation Notes
Rather than going at it alone, a small group of us decided to try a novel approach to CWD surveillance. Our goal was to build a surveillance network to help wildlife agencies use the best available local and regional data to guide their annual surveillance planning. We called this network the SOP4CWD. 

Led by Krysten Schuler of the Cornell Wildlife Health Lab and Sonja Christensen at Michigan State, we kicked off the project in early 2020 with an in-person meeting of stakeholders. We brought together an interdisciplinary team of modelers, wildlife agency professionals, and regulators to discuss the needs of the perfect surveillance system.

We immediately realized the need for standardized terminology around CWD. The MSU team is publishing a glossary of CWD terminology to help modelers, managers, and regulators communicate with each other as well as with their stakeholders. 






SOP4CWD
SOP4CWD Today (2023)

Participation by federal agencies does not imply endorsement by the U.S. Government.

26 Wildlife Agencies 
7 Research Institutions
99 People get Project Updates Each Month

Presenter Notes
Presentation Notes
The project has snowballed. In only three years, we have accumulated partners at 26 wildlife agencies and 7 research institutions coast to coast. We keep these partners in the loop via monthly project updates, which go out to a listserv of about 100 recipients. 
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Organizational Infrastructure

The Warehouse

(𝑥𝑥)𝑓𝑓

Current Models 
and Outputs

Agency 
Participation

Pending 
Models

The Future

Presenter Notes
Presentation Notes
To undertake a project this size, we first needed an organizational infrastructure. Specifically, we had to spell out the guidelines for agency participation when it came to publishing new science using shared data. 







SOP4CWD

Partnership and Contribution of Data

Presenter Notes
Presentation Notes
Our first development was the data use agreement, or DUA. 

This DUA basically says, “we have a lot of different players here with a lot of differing priorities, but everyone involved pledges to be collaborative and ethical”. 

To participate an agency collects tissues, sends them off for testing, collates their data into electronic format, signs the dua, then pushes that data into the shared storage location for later use in models. 
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Presenter Notes
Presentation Notes
That shared location is called the Data Warehouse. Developed in partnership with DJ Case explicitly for SOP4CWD, this system is state-of-the-art database complete with user privacies, privileges, passwords. 

As a quick note - only agencies have access to the Warehouse – the public can’t see any of this.
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The CWD Warehouse

Presenter Notes
Presentation Notes
The warehouse currently stores 5 types of data that are relevant to CWD surveillance and the models. 

The first type is the CWD testing data – all the records your agency collects on CWD status of individuals from hunter harvest, roadkills, clinical suspects, etc. Key variables include species, age, sex, date and location of harvest, and CWD status. 
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The CWD Warehouse

Presenter Notes
Presentation Notes
The second type is basic farmed cervid data. 

While the next step of the project is to incorporate fine scale captive data collected by ag departments, the current status of the Warehouse only includes rudimentary non-wild cervid data such as the number and types of facilities in each area in each year.
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The CWD Warehouse

Presenter Notes
Presentation Notes
Similarly, the next type of data is meat processor and taxidermy data from businesses who deal in cervid species. These data involve basic attributes such as counts of facilities in business in each area each year. 



SOP4CWD
The CWD Warehouse

Presenter Notes
Presentation Notes
Recall that the goal of Sop is to develop a surveillance framework of CWD in wild cervid herds. To do that, w need a bit of data on the free-ranging populations of interest. The Warehouse stores demographic data such as fertility rates, harvest rates, abundance estimates, etc. 
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The CWD Warehouse

Presenter Notes
Presentation Notes
Finally, the warehouse holds expense data, defined loosely at the cost of conducting surveillance at your agency. 

Once all these data are uploaded into the warehouse, then they are eligible for use in state specific models. 





SOP4CWD

Organizational Infrastructure

The Warehouse

(𝑥𝑥)𝑓𝑓

Current Models 
and Outputs

Agency 
Participation

Pending 
Models

The Future

Presenter Notes
Presentation Notes
Which brings us to the models themselves. 

The Warehouse is not just a storage facility, it has automated code to inform models using the data to produce visualizations to support decision making at the agencies. 



SOP4CWD

The CWD Warehouse

Adapted in the Warehouse from: 
Mitchell et al. 2021. Regional Wildlife Disease Positives Software. Cornell 

University Library eCommons Repository. DOI: 10.7298/mchw-3e31.

Confirmed CWD+ Cases

Sampling Intensity

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

*Maps contain only the data 
currently shared with the 
project.*

Presenter Notes
Presentation Notes
The first visualization doesn’t come from a model, but from the data itself. On the top, you can see the counties with confirmed CWD positive cases. On the bottom, you can see the intensity of sampling. A benefit of this is that you can see across state or even international boundaries. Already you can use these outputs to form a more complete picture. 

Indeed, you can use the functions in the warehouse to draw these maps by season-year, age/sex segment, state.
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The CWD Warehouse

Adapted in the Warehouse from: 
Mitchell et al. 2021. Regional Wildlife Disease Positives Software. Cornell 

University Library eCommons Repository. DOI: 10.7298/mchw-3e31.

Confirmed CWD+ Cases

Sampling Intensity

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

*Maps contain only the data 
currently shared with the 
project.*

Presenter Notes
Presentation Notes
You can also zoom out to see the extent of data in the Warehouse. Again, you can draw this regional map based on season, age/sex segment, etc. 

Similarly, there are capacities to make maps of cervid facility data, taxidermy data, demographic data, all the other various data that has stored in the warehouse.  



SOP4CWD

The CWD Warehouse

Presenter Notes
Presentation Notes
I will now move on to how the Warehouse generates outputs using automated models. The first model is the Hazard model, which quantifies the risk that CWD will be introduced somewhere across a vast jurisdiction.
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Hazard Model

Internal Hazards

RISK 
ASSESSMENT 

SURVEY

w

Anthropogenic
Risk Score

Demographic
Risk Score

x

x

Point Sample 
Quotas

w

Adjacent State Conditions 
& Regulations

Schuler et al. Novel Detection of Chronic Wasting Disease Using Risk-Weighted 
Surveillance: A Tale of Two States. In Preparation.

Presenter Notes
Presentation Notes
The model considers known hazards within the state of interest, including potential sources of CWD introduction, such as cervid facilities, and meat processors. 

The model next considers hazards posed by conditions or activities in neighboring jurisdictions.

It further considers an assessment of risk obtained from the expert opinion of agency biologists versed in CWD.

Because each of these have to do with human activity, they collapse into the anthropogenic risk score.

The model further accounts for the potential that CWD will be introduced though natural movements of cervids, and converts these data into a demographic risk score. 

Finally, the model meshes the anthropogenic with the demographic layers to set surveillance quotas for the upcoming sampling season.

The quotas are point-based to give the greatest flexibility to the agency during collection season. 
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Hazard Model

Adapted in the Warehouse from:
Hanley et al. 2021. Wildlife Disease Hazard Software. Cornell University 

Library eCommons Repository. DOI: 10.7298/w4rn-xq85.

Given the data in the Warehouse, the hazard model suggests 
locations for intensive sampling. 

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

*Given data uploaded into the 
Warehouse from the states, 
this model will run 
immediately.*

Presenter Notes
Presentation Notes
Here is an example output from New York. The dark purple shows places where the agencies out to intensively sample, whereas the light purple shows places the agencies can sample less. Anytime the agency in the state of interest or in any neighboring state updates their data, this model can be rerun to accommodate this new information. 
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The Susceptible-Latent-Exposed-Infective (SLEI) Model

Live Cervid Population

Hanley et al. 2022. Informing Surveillance Through the Characterization of Outbreak 
Potential. Ecological Modelling. DOI: 10.1016/j.ecolmodel.2022.110054

Presenter Notes
Presentation Notes
Our next model is a compartment type epidemiological model that describes CWD behavior produced by demographic dynamics of a live cervid population. We call it the SLEI model, short for Susceptible, Latent, Exposed, and Infectious.

The main output is R0, which is a summary of disease potential in a hypothetically healthy population. A R0 value above one means introduction of the disease will lead to spread through the live population. A R0 value below one means introduction of the disease will likely be squashed out through population dynamics alone. 

To understand this model, lets start with a live cervid population.
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SLEI Model

Live Cervid Population

Presenter Notes
Presentation Notes
We add new individuals through birth or dispersal. 

Individuals die and contribute nutrients to the habitat.
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SLEI Model

Live Cervid Population

Presenter Notes
Presentation Notes
But that is where humans get involved. We hunt and then take our harvest home for dinner.
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SLEI Model

Susceptible Exposed InfectiveLatent

Presenter Notes
Presentation Notes
Now lets break that live population into disease compartment. We have a unidirectional process from Susceptible to latent to exposed to infective, and if the deer doesn’t die from other means first, then eventually to death.
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SLEI Model

Susceptible Exposed InfectiveLatent

Presenter Notes
Presentation Notes
We still have births and deaths of all these deer, but with CWD in the system, some of those deaths have bad consequences. 

Natural deaths of diseased deer contribute infectious prions to the environment. 

Harvest mortality of diseased deer mean we don’t get to eat the meat. 
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SLEI Model

Susceptible Exposed InfectiveLatent

Presenter Notes
Presentation Notes
Diseased deer shed infectious prions into the environment while they walk around, which makes for a double whammy to the habitat.
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SLEI Model

Susceptible Exposed InfectiveLatent

Presenter Notes
Presentation Notes
Now lets add all the ways a healthy deer can incur CWD. 

A deer can get CWD from direct contact with an exposed or infective deer, or from consuming contaminated material from the environment. 
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SLEI Model

Ergo, if you agree with this model:

Then a novel infection in the live population 
fails to persist (i.e., R0 <1) when:

Hanley et al. 2022. Informing Surveillance Through the Characterization of Outbreak 
Potential. Ecological Modelling. DOI: 10.1016/j.ecolmodel.2022.110054

Presenter Notes
Presentation Notes
Albeit complicated, we collapse all these processes into R0, which depicts which assortment of rates equate to a disease that spreads vs a disease that attenuates. 

We can inform some of these parameter using data in the warehouse, but even if we don’t yet have data, we can use an epidemiological technique called matching to map areas of disproportionally high CWD outbreak potential. 
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SLEI Model

Adapted in the Warehouse from: 
Hanley et al. 2022. SEI Model Software. Cornell University Library 

eCommons Repository. DOI: 10.7298/csew-h225.

Given the demographic data in the Warehouse, if prions were introduced into 
an otherwise healthy herd, then the model suggests how the 

underlying population dynamics would act on the disease.

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

*Given data uploaded into the 
Warehouse from the states, 
this model will run 
immediately.*

Presenter Notes
Presentation Notes
In our example using MD, the underlying demographics of deer create a mosaic of disease potential. In the purple areas, hypothetical introduction of disease into an otherwise healthy herd would spread like wildfire, whereas in the green areas, the same introduction may naturally die out from deer demographics alone. 
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We want to pinpoint a CWD surveillance program that 
maximizes the benefit of surveillance to the agency while

staying within allowable surveillance cost. 

Optimal Surveillance

Hanley et al. A Tool to Allocate Surveillance Resources of 
Chronic Wasting Disease. In Preparation.

Presenter Notes
Presentation Notes
Our last model is a knapsack algorithm that we use to optimize sampling across a state or province. 

The algorithm is conceptually simple. Suppose you are stuffing your pack for a hike, and you need to decide what to put in it. You can take an infinite set of items, but really, you only want the set that maximizes the benefit of the pack while staying within its volume. 

In terms of CWD surveillance, we have costs, or the volume of our pack, and benefits, or usefulness of the items in the pack to our journey.



SOP4CWD

Optimal Surveillance

Costs of Sampling        |        Benefit of Sampling

Adapted in the Warehouse from:
Hanley et al. 2023. Chronic Wasting Disease Surveillance Optimization Software. 

Cornell University Library eCommons Repository. DOI: 10.7298/c8xm-wx39.

Landscape of Cost

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

Presenter Notes
Presentation Notes
On the cost side, we have the actual cost of sampling - the transportation, the diagnostic fees, the salaries of the agency reps, etc. We can use differentials across the state to determine the cost landscape.
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Optimal Surveillance

Benefits of Sampling        |        Benefit of Sampling

>700,000 
individual 
deer 
sampled 
for CWD

Guinness et al. Risk Factors for Chronic Wasting Disease in 
Eastern North America. In Preparation.

14,616 unique 
county/season-year 
combinations

35 covariates

Presenter Notes
Presentation Notes
The benefits of sampling requires a slug of additional complicated considerations, such as the location of confirmed CWD, sampling intensity, hazards, outbreak risks, regulations, etc. In fact, we came up with 35 variables that might contribute to CWD. 

We collated data from two dozen agencies including ¾ of a million deer statuses to produce a dataset with 14000 unique county/season year combinations. 
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Optimal Surveillance

Benefits of Sampling        |        Benefit of Sampling
14,616 unique 
county/season-year 
combinations

35 covariates

>700,000 
individual 
deer 
sampled 
for CWD

CWD 
Event

Surveillance Category Year T Year T+1 Conditions

0-1 First Detection No CWD CWD No CWD anywhere near

0-1 Early Detection No CWD CWD CWD in an adjacent area

1-1 Monitoring CWD More CWD --
Adapted in the Warehouse from:

Them et al. Chronic Wasting Disease Benefit of Surveillance Matrix Software. 
Cornell University Library eCommons Repository. DOI: 10.7298/xc5z-hs96.

Presenter Notes
Presentation Notes
We compartmentalized this dataset into CWD event types:

Counties with no CWD one year to the next. 
No CWD one year then CWD the following year. 
Counties with CWD one year to the next. 

We made an additional consideration regarding the 0-1 events. If CWD was nowhere near an area, we called it first detection county. If CWD was in an adjacent county to one that popped positive, then we called it early detection county. We called all 1-1 events monitoring counties. 
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Optimal Surveillance

Benefits of Sampling        |        Benefit of Sampling

First Detection

Early Detection

Monitoring

Adapted in the Warehouse from:
Hanley et al. 2023. Chronic Wasting Disease Surveillance Optimization Software. 

Cornell University Library eCommons Repository. DOI: 10.7298/c8xm-wx39.

Landscape of Benefits

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

Eligible Counties

Presenter Notes
Presentation Notes
We analyzed the regional dataset to pinpoint covariates associated with each CWD event type, the quantified how close each county in the state of interest was to sharing those conditions.

On the left you can see the counties eligible for first detection in our example state of Maryland. On the right you can see how close those counties are to sharing conditions with places that have discovered CWD out of the blue.
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Optimal Surveillance

First Detection

Early Detection

Monitoring

Benefits of Sampling        |        Benefit of Sampling

Adapted in the Warehouse from:
Hanley et al. 2023. Chronic Wasting Disease Surveillance Optimization Software. 

Cornell University Library eCommons Repository. DOI: 10.7298/c8xm-wx39.

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

Eligible Counties

Presenter Notes
Presentation Notes
Similarly, on the left you can see the counties eligible for early detection. On the right you can see how close those counties are to sharing conditions in counties that found CWD in areas contiguous to known infections. While we aren’t showing the neighboring states, the Warehouse considers the data of these neighbors to determine risk. 
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Optimal Surveillance

Adapted in the Warehouse from:
Hanley et al. 2023. Chronic Wasting Disease Surveillance Optimization Software. 

Cornell University Library eCommons Repository. DOI: 10.7298/c8xm-wx39.

First Detection

Early Detection

Monitoring

Benefits of Sampling        |        Benefit of Sampling

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

Eligible Counties

Presenter Notes
Presentation Notes
On the left you can see the counties eligible for monitoring. On the right you can see how close those counties are to sharing conditions that require monitoring of known infections.
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Optimal Surveillance

Adapted in the Warehouse from:
Hanley et al. 2023. Chronic Wasting Disease Surveillance Optimization Software. Cornell 

University Library eCommons Repository. DOI: 10.7298/c8xm-wx39.

Given the user inputs and data in the Warehouse, the optimization model suggests that 
intensive surveillance should occur in the following locations:

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

*The CWHL must preprocess 
data before this model can be 
run in new states.*

Presenter Notes
Presentation Notes
We used these landscapes of costs and benefits to pinpoint the overall set of counties to target for sampling to maximize the benefit of the information to the agency while staying within total allowable cost. 

Like the other models, predictions will get better and better as new data streams in.
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Presenter Notes
Presentation Notes
SOP4CWD continues to grow. We are currently adding additional models to the warehouse.



--Pending-- SOP4CWD Capacity
Biologically Focused Sample Size Model

Booth et al. Sample Size for Estimating Disease Prevalence in 
Free-Ranging Wildlife Populations. In Peer Revision.

Presenter Notes
Presentation Notes
The first is the sample size model, which lets users compute target sizes under specific biological scenarios.

One such scenario is when segments of deer congregate on the landscape at certain times per year. 





--Pending-- SOP4CWD Capacity
Habitat Risk Model

Walter et al. Predicting the Odds of Chronic Wasting Disease With 
the Habitat Risk Software. In Preparation.

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

Presenter Notes
Presentation Notes
A second is the habitat risk, which depicts the likelihood that a culled deer will test positive for CWD. This model predicts disease by age/sex segment and home range.



--Pending-- SOP4CWD Capacity
Agent-Based Model

Gonzalez-Crespo et al. Using a Spatially-Explicit Agent-Based Disease Spread 
Model for Chronic Wasting Disease. In Preparation.

**Maps are for the illustrative 
purpose of this presentation 
and should not be used, 
copied, or distributed.**

Presenter Notes
Presentation Notes
A third is an agent-based model that identifies high risk areas for CWD introduction. Our collaborator Dr. Carlos will present this model later in the conference.
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Presenter Notes
Presentation Notes
We see no reason to stop growing this system. In fact, why not add more models?



--Future-- Warehouse Models?
Linking Models With Data to Benefit Agencies

Prevalence Models

Presenter Notes
Presentation Notes
Such as prevalence models, 



--Future-- Warehouse Models?
Linking Models With Data to Benefit Agencies

Spatial Diffusion Models

Presenter Notes
Presentation Notes
Spatial diffusion process models



--Future-- Warehouse Models?
Linking Models With Data to Benefit Agencies

Scan-Type Models

Presenter Notes
Presentation Notes
Scan type models.



--Future-- Warehouse Models?
Linking Models With Data to Benefit Agencies

Machine Learning Models

Presenter Notes
Presentation Notes
Machine Learning models.



--Future-- Warehouse Models?
Linking Models With Data to Benefit Agencies

Structured Decision Models

Presenter Notes
Presentation Notes
Structured decision-making models, 



--Future-- Warehouse Models?
Linking Models With Data to Benefit Agencies

Home Range Models

Presenter Notes
Presentation Notes
Or even home range and contact models. 



--Future-- Warehouse Models?
Contact sop4cwd@cornell.edu

Your Model? 

Presenter Notes
Presentation Notes
In fact, why not add your model? If you have a model that you’d like to connect with data to benefit the agencies, contact us to discuss its inclusion in the warehouse. 



--Future-- Project Partners?

Your Agency?

Contact sop4cwd@cornell.edu

Presenter Notes
Presentation Notes
Similarly, we invite the remaining agencies in North America to join this network. To do so, please contact the Cornell Wildlife Health Lab for details. Everyone is welcome.



Funding & Support

Presentation brought to you by:

Cornell Wildlife Health Lab
a New York State Wildlife Health Program partner

Participation by federal agencies does not imply endorsement by the U.S. Government.

Presenter Notes
Presentation Notes
Finally, we’d like to thank the state wildlife agencies in New York, Alabama, Tennessee, Michigan, and Maryland for funding various components of this project. 

As well, we’d like to thank the Fish and Wildlife Service and the Association for Fish and Wildlife Agencies through the Multistate Grant Program for funding to expand this project to the rest of the continent. 




SOP4CWD
Improving CWD Surveillance Through "Big Data" Infrastructure

Presenter Notes
Presentation Notes
With that, I would be happy to take any questions. 
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