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‘ Our question:

= Why does a given disease affect some
species much more than other species?

= Potential answers:
o Immunological differences
o Behavioral differences




‘ Population structure




‘ Outline

= Why structure matters
o Phenomenological coupling
o Mechanistic coupling

= Our model

= [hreshold metrics for disease invasion
0 Ro
o R.

= Decision tree prediction of invasion




‘ Why structure matters
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Keeling & Rohani (2002): phenomenological coupling is OK
when mixing is fast.




Discrete SIR Model
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Parameters
B — force of infection
v — Pr(recovery)




‘ But what about the herds?

Parameters

B — force of infection
v — Pr(recovery)

u— Pr(movement)

n — group size




‘ Simulation

= Discrete-time, nonhomogenous Markov chain
= |nitial state: one infected host in one group

= [ransition matrices

o Spatial: 11x11 torus = 1210 groups = 1210x1210
matrix

o Disease: S,I,R states — 3x3 matrix where S—l|
transition depends on /and n




‘ R, The basic reproductive #

= How the theoreticians see it:

o expected number of new infections caused by a
single index case in an infinite population where
everyone is susceptible.
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= How it is often interpreted:

o extrapolation of R, > 1 threshold to real-life
stochastic contacts, finite population, depletion
of susceptible pool 0%% — ?
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‘ Why structure really matters

600 _ 600
Acute disease Chronic disease
I ¥ = 0.1
: p=05 o
8 2 400/
jﬁ 400 R0=5 j]"_)
= k=
g | g |
£200 £ 200!
= prd
0 50 100 150 0 500 1000 1500
Time Time

1 group of 1000 25 groups of 40 100 groups of 10




‘ R.: taking R, to the next level

= expected number of new infected groups
caused by a single initially infected group in a
population with infinite susceptible groups

= First coined by Ball et al. 1997
= Calculating R.

0 analytic
o simulation




‘ Etfect of movement (W)

| _ R,=20
n=10 _0=0--0-"%~0--0 R0= 10

o 08¢ 4 T Ry=3

o) o

© r

QD !

£ 067 l!

IS L}

S 04} !

& R,=2

o

= 02}

(qv)

()]

=

107 107 10” 10" 10"

Movement rate (u) / recovery rate (y)




Effect of group size (n)
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mmm) Rule of thumb for high Ry: n-pw/y > 1




‘ Etfect ot stochasticity
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‘ Empirical R, versus R,
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A problem: how to predict?

= R. Is great, but cannot be calculated
beforehand

= R, Is easy to calculate, but runs into trouble
as a predictor

= What to do, what to do?




‘ Classification trees to the rescuel

= Past applications:
o Clinical risk assessments
o Growing use in ecological literature

= Goal: minimize misclassification rate of
response variable (disease invasion) via
binary decision tree

= Heuristic penalty used to avoid huge trees




'STRS & SIR-bd
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‘ Hypothetical classification tree

Has feathers?

yes —l— no

Body weight > 5kg?

yes —%— no

Lives on ground Flies
10/5 3/9

Misclassification (error) rate: (5+3+1)/28 = 0.32

Lives on ground
10/1




'CART method

= Aggregate, measurable parameters:

o By (Ry)
o wn/y (previous rule of thumb)
o p-n/y or &-n/y (influx of new susceptibles)

= Other combinations possible (including raw
parameters)




‘ CART results

R,>2.0
|
un/y = 2.7
Extinction
89/2105
pn/ly =77.2
. | | Error rates
ZIB\EIB?IS/“SOS@ Invasion Extinction Ro>1: 0.35
257/165 34/709 CART: 0.14

empirical R.>1: 0.097




‘ Recap

= Model design
o Population structure critical
o Mechanistic host movement
= Single predictors
o R, gives high false-positives
o R. best, but no way to calculate

= CART’s measurable parameters
o Ry, pnfy, p-nfy
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