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marriage of biology and math 
Amy Greer, BSc, MSc, PhD
Canada Research Chair in Population Disease Modelling and Associate Professor
Department of Population Medicine, University of Guelph

1

2

3



8/26/23

2

Thank&you&for&your&attention.&&
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We study the introduction, 
spread, prevention, and  
control of infectious 
diseases in populations. 
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amygreer@ trentu.cawww.amygreer.ca
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Zoonotic Spillover – 
Part 1

Amy Greer, BSc MSc PhD 
Canada Research Chair in Population Disease Modeling and Associate Professor

Math 6115/Bonne Bay 2023

Chief Public Health Officer of Canada's 
Report on the State of Public Health in 
Canada 2022
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What are you going to hear about today?
1. The ecology of zoonoses and spillover
2. What is disease spillover?
3.What factors are associated with 

disease spillover events?
4.Considerations for modelling spillover
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The ecology of zoonoses

Karesh et al. 2012
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How much do you think you know 
about spillover?

A spillover pop quiz
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What factors are associated with 
disease spillover events?

Karesh et al. 2012 Plowright and Hudson, 2021
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https://www.mentimeter.com/app/presentation/alz5uvvg9gzxo5t4kyfeiq48ffyesya2/9f6iy77744hy/edit
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Khan et al. 2012
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Chattu et al. 2018
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Lloyd-Smith et al., 2009

Photo credit: Dr. Isha Berry*
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Aim & Objectives

• To develop a model that tracks influenza dynamics at the human-
poultry interface to better understand risk of influenza reassortment 
and pandemic emergence in DCC, Bangladesh.

• To evaluate the potential effectiveness of intervention strategies on 
reducing avian influenza spillover and co-infections with seasonal 
influenza in humans in DCC, Bangladesh

Berry et al. unpublished
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Dashed arrows represent 
spillover through contact 

with infected poultry
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Berry et al. unpublished
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Spillover rate (Iacono 2016)

• Probability that K spillover events occur during time 𝜏 is described by a 
stochastic Poisson process
• 𝑃 𝑘 = !"#!"# (%&)$

(!  , 

• Where 𝜆 is the expected number of zoonotic spillovers per unit time, which is 
specified as 
• 𝜆 =𝑁* 𝑡 𝑃𝑟+(𝑁+) 𝜒+𝜂+(𝑁+)

• 𝑁% 𝑡 =	Number	of	susceptible	humans	at	time	t,	initial	population	size
• 𝑃𝑟& 𝑁& =	Prevalence	of	infected	poultry	,	calibrated	using	average	prevalence	of	AIV	in	
poultry	from	Sink	Surveillance	data	in	DCC	=	52%	in	2018

• 𝜒& =	infection	response	efficiency	,	estimated	as	0.0001	(high	uncertainty)
• 𝜼𝑹 𝑵𝑹 =
𝐀𝐯𝐞𝐫𝐚𝐠𝐞 𝐡𝐮𝐦𝐚𝐧 𝐞𝐱𝐩𝐨𝐬𝐮𝐫𝐞 𝐭𝐨 𝐩𝐨𝐮𝐥𝐭𝐫𝐲 𝐢𝐧 𝐋𝐁𝐌, 𝐜𝐚𝐥𝐢𝐛𝐫𝐚𝐭𝐞𝐝 𝐮𝐬𝐢𝐧𝐠 𝐃𝐂𝐂 𝐦𝐨𝐛𝐢𝐥𝐞 𝐩𝐡𝐨𝐧𝐞 𝐬𝐮𝐫𝐯𝐞𝐲 
=30.2/365= 0.082

Berry et al. unpublished
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Berry* et al., 2021
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Berry* et al., 2021

Data
Theory /  
Model
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The ecology of MERS-CoV

Egeru et al. 2020 Photo credit: Dr. Emma Gardner*

Gardener* et al. 2019 (MERS), Cousins et al. 2020 (Campylobacter), Brunn* et al. 2018 (Giardia), Greer et al. 2010 (Norovirus) 
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Figure courtesy of Dr. Pascale Aubrey, CFIA

Are environmental conditions associated with 
spillover of HPAI (H5N1) in Canada?

Oremush* and Greer, in progress
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Bedson et al. 2021

Ecologists
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Discussion
Get into 4 groups (birthdays: Jan-Mar, Apr-
Jun, Jul-Sept, Oct-Dec). Identify a person 
from your group who will be able to speak to 
your group response to each of the 
following questions when we come back 
together. 
1. What did you learn from this paper 

about modelling disease spillover that 
you did not know before? (1 student)

2. There are 2 case studies in this paper 
(HPAI and brucellosis). Briefly 
summarize the case studies and identify 
some of the challenges the authors 
describe in relation to modelling disease 
spillover for each. (1 student/case study)

3. Identify 2 questions/ideas that came up 
when you were discussing the paper 
that you would like to discuss further 
with the broader class. 
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Problem set 1.7
1. Think of a simple example of a zoonotic 

pathogen where the transmission of the 
pathogen requires both a human and 
animal host. Describe the natural history 
of the host-pathogen system in a short 
paragraph with a link to a reference.

2. Translate the biology from part 1 into a 
compartment diagram and write the 
basic corresponding equations to 
describe the dynamics of the disease in 
the populations of interest. 

3. If you were going to move forward with 
modelling this zoonotic host-pathogen 
system, what components of the system 
would be the most difficult aspects to 
parameterize? Why?
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