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A bit about me

B.A.Sc. Engineering Physics (U Toronto)
Ph.D. Computational Physics (U Guelph)
Have worked on infectious disease dynamics ever since

Cross-appointed R(D)SVS/SoPA

"Analytical magpie” — simple models, simulations, networks
Both data-driven and data-inspired

* Foot-and-mouth diseases, bovine Tuberculosis, Rift Valley Fever, COVID-19,
Avian influenza, etc.
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“Psychohistory” Isaac Asimov
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If we know the
statistical
properties of
human contact,
can we describe
epidemics
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Soft condensed
matter physics

Hydrogen bond
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The Science of
Networks

How does information
flow create emergent
behaviour?
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2001 Foot-and-Mouth
Disease Epidemic ﬁ

Large

6+ million livestock i
slaughtered

£8+ billion to control

Wl THE ROYAL Receiced 22 May 2003
r i Accepred 31 July 2003
-S\. SOCIETY Prtihed onn 30 Ooctobes 2003

The impact of local heterogeneity on alternative

control strategies for foot-and-mouth disease A v
Rowland R. Kao 2001 FMD epidemic in the UK

Department of Zoology, Uiversity of Ougford, South Parks Road, Oxford OX1 3PS, UK (rowland kaci@zoo.ox. ac.uk) Rowland R. Kao =




Network threshold properties are better
described by percolation
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Network threshold properties are better
described by percolation
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Network threshold properties are better
described by percolation

Percolation describes the
change in component
structure as probability of
(bond/site) occupation
changes

%

At the percolation threshold,
the largest component spans
the population



Network threshold properties are better
described by percolation

Percolation describes the
change in component
structure as probability of
(bond/site) occupation
changes

<

For the simplest
systems, the
percolation threshold
At the percolation threshold, occurs when the basic

the | t t [
e largest component spans reproduction number
the population
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Percolation Threshold in
livestock movement networks
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Demographic structure and pathogen
dynamics on the network of livestock
movements in Great Britain

R.R Kao=, L Danon, DM Green and 1.Z Kiss
Published: 16 May 2006 https://doi.org/10.1098/rspb.2006.3505

Under the right (ergodic)
conditions,

the growth of the static
network components
captures the dynamic
characteristics of disease
spread



~ £2,000,000,000 est. in 1997 (3.1bn base pairs)

Genetic sequencing reveals network patterns

i —

20 Volunteers

to participate in the ;;
Human Genome Project i

a very large international scientific research effort.

The goal is to decode the human hereditary inf ion (human blueprini) that deter-
mines all individual traits inherited from parents. The outcome of the project will
have tremendous impact on future progress of medical science and lead to improved
%, is and of hereditary di

Vol;mu:m will receive information about the project from the Clinical Genetics
Service at Roswell Park, and sign a consent form before participating.

Nop | information will be maintained or
Volunteers will provide a one-time donation of a small blood specimen. A small
y reimb will be provided to the participants for their time and effort.

e TS e n——

Individuals must be at least 18 years of age.
Persons who have undergone chemotherapy are not eligible.

For more information please coatact the
Clinical Genetics Service
843-5720(9:00 am - 3:00 pm)
March 24 - 26, 1997
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~ £20 (as of 2021) SARS-CoV-2 for 29.9K base pairs

"wild
type"

Fingerprints of individual viruses allow us
to track disease spread
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Spatial analysis of phylogenetic, population and deprivation [Tealing
data from Scottish SARS-CoV-2 outbreak reveals‘ ‘
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Accumulated Local Effects (ALE) plot Machine Learning Analysis of Tayside Health Board data:

Risk factors to explain pairwise genetic distance
relationships

Out of lockdown In lockdown
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Relative transmission likelihood
Using life history data (B) Using life history data + WGS Using a simple likelihood-

& & & & based model to combine
sequence data with life
history and network data
vastly increases the
discriminatory power of the
data even when the
resolution of the sequence
data is poor
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Networks, games and behaviour

Playing with percolation: How influencing works through everyone



* * * Infection Risk
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A few bad apples spoil the barrel

How networks influence biosecurity behaviour
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Disease risks to
everyone

Infection Risk

Memory
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Infection Risk

Memory
Value

Choice

Disease risks to

everyone

Protecting
themselves
and others
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Awareness of risk leads to
improved disease control

Increasing risk




Disease risks to

everyone

What
happens if
someone
doesn’t care?




Disease risks to
everyone

What
happens if
someone
doesn’t care?




Disease risks to
everyone

What
happens if
someone
doesn’t care?

Influencing works through indirect action



100% ==

1% do not
value disease
control

A Few Bad Apples: A Model of Disease Influenced Agent
Behaviour in a Heterogeneous Contact Environment

Jessica Enright [E], Rowland R. Kao



Spontaneous divergence of disease status
in an economic epidemiological game

Ewan Colman &, Nick Hanley and Rowland R. Kao
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Spontaneous divergence of disease status
in an economic epidemiological game

Ewan Colman &, Nick Hanley and Rowland R. Kao
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Where do physicists fit in?
Physics stands between mathematics and “intuition”

... if we have a way of knowing what should happen in given
circumstances without actually solving the equations, then we
“understand” the equations, as applied to these circumstances.

A physical understanding is a completely unmathematical, imprecise
and inexact thing, but absolutely necessary for a physicist.

Richard Feynman, Introduction the Feynman Lectures, Vol. |l



R. R. KAO, M. B. GRAVENOR, M. BAYLIS, C. J. BOSTOCK, C. M. CHIHOTA, J. C. EVANS, W. GOLDMANN, A. J. A. SMITH, AND A. R. MCLEAN

Liliana C. M. Salvador, Daniel J. O'Brien, Melinda K. Cosgrove, Tod P. Stuber, Angie M. Schooley, Joseph
Daniel T. Haydon &), Rowland R. Kao & R. Paul Kitching . v .
Crispell, Steven V. Church, Yrjo T. Gréhn, Suelee Robbe-Austerman, Rowland R. Kao &2«
Christopher J. Banks (7)1, Ewan Colman ([} 1, Thomas Dohert 2 Oliver Tearne3, Mark Arnold?,
SnkigRoul @ [ Josticrnst @ || TaBrish | Sinmital. Lt ® | Katherirl:e E. Atkins®5, {aniel Balaz', Gaél gaunéea Paul R. Beisg‘ Jessica Enright (£)7
Piran C. L. White® © | Adrian Allen®® | Richard J. Ellis®® | StephenV.Gordon?” @ | 9 '
Roland Harwood® | Eleftheria Palkopoulou’ ® | Eleanor L. Presho® | Robin Skuce®® | Adam Kleczkowski2, Gianluigi Rossi', Anne-Sophie Ruget', 2= Rowland R. Kao ®®
Graham C. Smith'®® | Rowland R. Kao'
Heather E Grant, Emma B Hodcroft, D i John M
Kitayi Gonzalo Yebra, Luis Roger quivel Gomez, Dan Framp
g 7 T b . = 5. = Fia .nlsmd Gall, Paul Kellam, Tulio de Oliveira, Nicholas Bbosa, Rebecca N
Mikhail Churakov ® *, Jgrgen Katholm °, Simon Rogers ¢, Rowland R. Kao # ¢, Ruth N. Zadoks * &' A Nsubuga, Freddie Kibengo, sz Ho Kwan, Samariha Lycett, Rowland Kao,
David L 1, Oliver F phe Fraser, Deenan Pillay,
Pontiano Kaleebu, Andrew J Leigh Bruwn
Igor AD Paploski, Nakarin Pamornchainavakul, Dennis N Makau, Albert Rovira, Cesar Seiiie 6 ihe peerEllE
R.R. Kao', F. Houston?, M. Baylis?, C. M. Chihota?, W. Goldmann®, M. B. Gravenor?, N. | | A Corzo, Declan C Schroeder, Maxim CJ Cheeran, Andrea Doeschl-Wilson, Rowland ’ peop
Hunter? and A. R. McLean' R Kao, Samantha Lycett, Kimberly Vander\Waal I've worked with
Sema Nickbakhsh 1, Louise Matthews, Jennifer E Dent,
Tijani A Sulaimon’? Gemma L. Chaters®45 Obed M. Nyasebwa® Emanuel 5. Swai” Sarah Cleaveland® Giles T Innocent, Mark E Arnold, Stuart W J Reid, R.R Kao, L Danon, D.M Green and |.Z Kiss
Rowland R Kao
Jessica Enright® Rowland R. Kao™**" 0 Paul C. D. Johnson*"
Rowland R Kao =, Darren M Green, Jethro Johnson and Istvan Z Kiss L. C. M. SALVADOR @, M. DEASON, ). ENRIGHT, P. R. BESSELL and R. R. KAO
. , . . . . Joseph Crispell, Clare H Benton, Daniel Balaz, Nicola De
Roman Biek &), Anthony O'Hare &, David Wright, Tom Mallon, Carl McCormick, Richard J. Orton, Stanley McDowell, Maio, Assel Ahkmetova, Adrian Allen, Roman Biek,
Hannah Trewby, Robin A. Skuce, Rowland R. Kao Eleanor L Presho, James Dale, Glyn Hewinson,

Samantha | Lycett, Javier Nunez-Garcia, Robin A Skuce,

Hannah Trewby, Daniel ] Wilson, Ruth N Zadoks,
Richard ] Delahay ®, Rowland Raymond Kao ®
G. L. Chaters, P. C. D. Johnson, S. Cleaveland, J. Crispell, W. A. de Glanville, T. Doherty,

L. Matthews, S. Mohr, O. M. Nyasebwa, G. Rossi, L. C. M. Salvador, E. Swai and
o Koo o Y R. R. Kao, M. G. Roberts and T. J. Ryati




L R._KAO, M. B. GRAVENOR, M. BAYLIS, C. J. BOSTOCK, C. M. CHIHOTA, J. C. EVANS, W. GOLDMANN, A .

J_A. SMITH, AND A_R_MCLEAN

Lrlran. Tijani IJ OBrren Melinda K. Cosgrove, Tod P Sluber Angre M, Schooley Joseph
Mo T Vs Sowlenyl B a0 A B Pay xcteg
Crispi¢ - -Austerman, Rowland R. Kao
" Sulaimon Aeron Sanchez - -
" o . % Thoma' Dohr-v!v l"\ Olr.rr Tr-arnr- .:rk Amokr’
auwntoy mucars | meeme: M o R sl e o @
Rolind Harwood” | Beftheris Palopeuion’ @ | Basnorkll | S = . 5

wland A Kao (B '*
Grahaon C. Sith™ © | Rowland R. Kao' O

B Hoes® Decageinn Ssersmetge ate
v s Boger Lo Gomar Own Frgmgan
VG O Chvmen Narcia Bt Sevecie N

\'HL'.H.G”(_’HJLI'.\I Anthony == 2 / “r' ’ " 3 2 iy -~ (boatrra ? cpnme n-vN-
4 . r \ ) . y 1 e
Wood B ¢ ‘ S e / e EeE RS

[ R.R Kao', F. Houston®. M. Baylis?, C. M. Chitlls

ety | Some of the people
5 N D e |
| Hunter? nc &, 8. ML an' — e

I’'ve worked with

o~ 8 Jap==r Crvwnn L Chstenn '

Muhammad Bilal
Rebecca Carstens
Rebecca Underwood

Josscs Lrogw Mimted b tas ° P C D Jabwrany

Rowland R Kao L; Darren M Green Jerhro Johnson and 15t

I Chris
; Ewan Colman -

Banks
N R R Joseph Crspell, Clare H Benton, Daniel Balaz, Nicola De
Roman Bmk. Anthony O'Hare fll] David Wright, Tom Malion, C (nOW BrIStO|) ton, Stankey McDowell Moo, Assel ANmetova. Adrian Aller, Roman Biek.
Hannah Trowby, Robin A. Skuce, Rowland R, Kao B Bleanor L Presho, James Dale, Giyn Hewinson,
Samantha | Lyceot, Javier Nune2-Garcia, Robin A Skuce,
Hannah Trewby, Danied | Wilson, Ruth N Zadoks,
Richard J Delahay ®, Rowland Raymond Kao ®

G. L. Chaters, P. C. D. Johnson, S. Cleaveland, J. Crispell, W. A. de Glanville, T. Doherty,
L. Matthews, S. Mohr, O. M. Nyasebwa, G. Rossl, L. C. M. Salvador, E. Swal and ‘ .
R R. Kao =) Ny R. R. Kao, M. G. Roberts and T. J. Ryar¥




	Slide 1: Physics of Infection – modelling infection dynamics
	Slide 2: A bit about me
	Slide 3: Where it all began … 
	Slide 4: Where it all began … 
	Slide 5: “Psychohistory”
	Slide 6: If we know the statistical properties of human contact, can we describe epidemics
	Slide 7: Soft condensed matter physics
	Slide 8: The Science of Networks
	Slide 9
	Slide 10: Network threshold properties are better described by percolation
	Slide 11: Network threshold properties are better described by percolation
	Slide 12: Network threshold properties are better described by percolation
	Slide 13: Network threshold properties are better described by percolation
	Slide 14: Network threshold properties are better described by percolation
	Slide 15: Network threshold properties are better described by percolation
	Slide 16: Percolation Threshold in livestock movement networks
	Slide 17: Genetic sequencing reveals network patterns
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Networks, games and behaviour
	Slide 22: A few bad apples spoil the barrel
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34: Where do physicists fit in? 
	Slide 35
	Slide 36

