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Biological contagion modeling

Standard epidemiolocial models predict exponential growth
ar
dt

= Jx e

A I<1

At



Biological contagion modeling

Standard epidemiolocial models predict exponential growth
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This is because we assume that the risk of infection is linear
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Superexponential spread of Influenza-Like-Illness !
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1. Scarpino, S. V., Allard, A., & Hébert-Dufresne, L. (2016). The effect of a prudent adaptive
behaviour on disease transmission. Nature Physics, 12(11), 1042-1046.
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(i) Why assume linearity ?
(if) When is linearity valid ?

(iii) What other forms could it take?

Take-home message

(iii) : Assuming bursty exposure to infection, we should consider

0o IY withveRT.



Framework

Model features

1. Explicit group interactions

2. Heterogeneous temporal patterns

» Duration of events 7
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Framework

Model features

1. Explicit group interactions

2. Heterogeneous temporal patterns

» Duration of events 7

P(7) oc 7771

3. Minimal infective dose
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Feature # 1 : Explicit group interactions — bipartite structure

Environments Individuals

Icons made by Freepik from www.flaticon.com



Feature # 2 : heterogeneous temporal patterns
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Feature #3 : minimal infective dose

O Our immune system is able to fight mild challenges

O A certain minimal dose of virus or bacteria is required to trigger an infection



Feature #3 : minimal infective dose

O Our immune system is able to fight mild challenges

O A certain minimal dose of virus or bacteria is required to trigger an infection
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Infective dose model
O The fraction of infected individuals is p
O Individuals receive a dose k ~ 7w (k; p, 7))

O The mean dose received is
(k) o pT

O An infection is triggered if £ > K, with probability
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ﬁ(K;p,T):/ m(k; p, 7)dK
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Bursty exposure

Because of the heavy-tailed distribution P(7) oc 7771
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Bursty exposure

Because of the heavy-tailed distribution P(7) oc 7771
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Emergent nonlinear infection kernel

The probability of getting infected in an environment

6(p) = / P(e)TI(K: p.7)dr



Emergent nonlinear infection kernel

The probability of getting infected in an environment
O(p) = /P(T)ﬁ(K;p, T)dT .

Assuming :

1. P(1) oc 7@,

2. Some technical conditions for the asymptotic analysis ;

for a large class of dose distribution 7, we recover the universal infection kernel

0(p) o< p @




Weibull dose distribution

(a) Dose distribution (b) Infection kernel
0.8 4 > 10-1
1077 5
E’ a¢0'5 /
0.6 ,_:E 10_2 ] ¢X»B \5/
= 2 ¢ o7
~ 04 a /
[ T ;
= 1079 5
2
0.2 1 é
ERUSE
0.0 1

0 2 4 1072 107! 10°
K Environment prevalence p



Frechet dose distribution

(a) Dose distribution (b) Infection kernel
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Asymptotically power-law duration of events distribution

P(1) oc 77271 only for large 7

(a) Dose distribution (b) Infection kernel
0.8 1
< 107!
= 3 _05
0.6 1 = o= //
Fﬁ% 4X‘“ 4X'
= .-g 102 4 o o
Z 0.4 2
=
g
S .3
0.2 - B 1077 5
2
g
)
0.0 1 10-4 -
T T T T T T
0 2 4 1072 107! 10°

K Environment prevalence p



Conditions for the asymptotic analysis partially satisfied

(a) Dose distribution (b) Infection kernel
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When is linearity valid ?

Oa=1 (P(r)x7 o1
O mis a Poisson distribution and K =1

O Some other limit cases



When is linearity valid ?

Oa=1 (P(r)x7 o1
O mis a Poisson distribution and K =1

O Some other limit cases

LINEAR INFECTION KERNELS ARE THE EXCEPTION RATHER THAN THE NORM
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Consequences of nonlinear infection kernel

Random matching () Draw 7 ~ P(7)
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Superexponential spread and discontinuous phase transition

(a) Temporal evolution (b) Bifurcation diagram
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Superexponential spread and discontinuous phase transition

(a) Temporal evolution (b) Bifurcation diagram
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Superexponential spread of Influenza-Like-Illness 2
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2. Scarpino, S. V., Allard, A., & Hébert-Dufresne, L. (2016). The effect of a prudent adaptive
behaviour on disease transmission. Nature Physics, 12(11), 1042-1046.
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Why assume linearity for the risk of infection?

MAYBE WE sHOULDN'T, maybe we should adopt more general forms, e.g.,

0(p) x p¥ withv € R

For a standard SIR model, this could look like

as ,
o~ BSI
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APPENDIX




Mathematical description for N — oo

We track py () the fraction of infected nodes of membership & using

pr(t+1) = (1 —p)pr(t) + (1 — px(t))Ok ,




	Appendix

