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Introduction to epidemic dynamics

* Measles, influenza, rotavirus, enteroviruses,
SARS-CoV-2, etc

Hand, Foot and Mouth disease cases in
Japan
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« Simple mathematical models capture key dynamics of
cases thru time
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Measles: natural history of infection

Susceptible
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« Strong, prolonged immunity on recovery
« Only transmit during primary infection

Recovered
(=immune)

Fig. 2



Epidemic dynamics: simple model

Proportion of
population =

Susceptible :

3

Recovered e
=immune Time

Figure from Metcalf CIE et al. (2015) Understanding herd immunity. Trer
w.cell.com/t
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Fitting models to data

» Time Series SIR model
« Captures impact of birth rates & seasonality

{c) 20 year simulation of the TSIR model

Birth rate

- Simulaion

Bi-weekly cases
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Fig. 5

Models explain observed “chaotic”
dynamics in measles
» Models suggest that increasing seasonal forcing of

transmission can lead to a transition from regular limit cycles
to irregular, chaotic dynamics

* Rich data sets + the TSIR model let us explore chaos-like
behavior in observed cases thru time
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« ‘Gravity’ models show 7l
coupling

« Large cities dominate E&W
infection flux

3
.

« _.but local ‘metapopulation’
sparks (black) important as
well

on from Springer Nature: Lau MSY et al. (2020) A competing-risks model explains

Fig. 7

Vaccination impact: ‘external’ seeding comes to dominate
over gravity coupling
...implications for efforts to eliminate measles?

Measles in England and Wales
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Viral phylogeny

4 Measles: viral surface molecules remain ~the

MHe
X
g T same through time; lifelong immunity
i/ & protects against all variants
L5

Seasonal influenza: punctuated antigenic
1 kE evolution of viral surface molecules, so
immunity wanes through time
55128 \4\?\ Need to combine

epidemiological and
evolutionary dynamics......

ed by permission from AAAS: Grenfell BT

gures reproduc T
2pidemiological and evolutionary dynamics of pathogens.

Fig. 9
Viral phylodynamics

» Explores pathogen immune A .

escape as a balance between o () eo}*fco
. . 3 =

opposing forces (selection strength, € 7

viral abundance) driven by 3

. - =%

immunity . ' g ) @

* Hence, evolutionary pressure is g .
strongest at intermediate immune 3 ado,,off
strength N

* Phylodynamic models much refined 5 ®
and more widely applied since Immune Pressure

igure reproduced by permission from AAAS: Grenfell BT et al. (2004) Unifying th
pidemiological a volutionary dynamics of pat nce 303:327-332
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« Pre-vaccination measles: transmission between school
children drives spatial coupling

« V different for seasonal influenza: adult commuting
patterns drive coupling... because immunity is only partial
(enabling evolutionary ‘escape’ from immunity to prior
variants)

Figure from Holmes & Grenfell (201
Vibouc

Fig. 11
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Evolution & pathogen life history

» Complex relationship between immune escape and
strength of immunity

« E.g. rotavirus is only briefly immunizing, yet shows
evidence of herd immunity in response to high efficacy

vaccination... because vaccine p

early infections
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