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Acute 

Infection time course  
 <<< 

host lifespan 

 

 

Immunizing 

infection ! antibody production 

prevents future infection 

Let’s*start*by*talking*about*acute,*immunizing*diseases*



Examples*

Measles 

Smallpox 

Chicken pox 

Whooping cough 

Foodbourne 



Natural History of Infection*
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Exposed*
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Infec)ous* Diseased*
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Onset*of*shedding*
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A*simpler*view*of*the*world*

Don’t*worry*about*
symptoms*and*disease!*

Infec)vity*=*1*

Infected*

Infec)ous*

Onset*of*shedding*



An*even*simpler*view*of*the*world*

Don’t*worry*about*
symptoms*and*disease!*

Infec)vity*=*1*

Infected*

Infec)ous*

Onset*of*shedding*



Infected=Infec)ous*

Infec)on*

Onset*of*shedding*

Infec)vity*=*1*

Don’t*worry*about*
symptoms*and*disease!*

*

Assume*immediate*
infec)ousness*aTer*

exposure…*

An*extremely*simple*view*of*the*world*



Infec)ous*

An*extremely*simple*view*of*the*world*



Infec)ous*Suscep)ble* Recovered*

An*extremely*simple*view*of*the*world*



Infec)ous*Suscep)ble* Recovered*Recovered*

An*extremely*simple*view*of*the*world*



HealthWrelated*States*

Infec)ous*Suscep)ble* Recovered*Recovered*

The*rate*at*which*suscep)ble*individuals*become*infected*
depends*on*how*many*infec)ous*people*are*in*the*popula)on*



State*variables*
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State*variables*

I*S* R*

We*can*use*ordinary*differen)al*equa)ons*
to*describe*the*rate*at*which*individuals*

flow*between*states*



SIR*Model*
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If*infec)ous*people*recover*at*a*rate*of*0.2*/*day,**
*
the*average*)me*they*spend*infec)ous*is*1*/*0.2*=*5*days*

R*



SIR*Model*
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SIR*Model*
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Constant*popula)on*size*
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SIR*Model*

*

popula)on*size*

*

recovery*rate*

*

transmission*coefficient*
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SIR*Model*

#**infec)ons*produced*by*

1*infec)ous*individual*
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R0:*The*Basic*Reproduc)ve*Number*
R0*=*4*•  Average*#*of*secondary*infec)ons**

*
an*infected*host*produces*in**
*
a*suscep)ble*popula)on.*
*
*

Recovered*&*Immune*
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SIR*Model*

Rate*at*which*an*infected*individual*
produces*new*infec)ons*in*a*naïve*

popula)on**

X*

Propor)on*of*new*infec)ons*that*
become*infec)ous*

X*

Average*dura)on*of*infec)ousness*

N*large*
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SIR*Model*
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R0:*The*Basic*Reproduc)ve*Number*

•  Average*#*of*secondary*infec)ons**
an*infected*host*produces*in**
a*suscep)ble*popula)on.*
*
*

•  Threshold*criteria:*
*
* *If*R0*<*1,*disease*dies*out*
*
* **
* *If*R0*>*1,*disease*persists*
*

R0*=*4*

Recovered*&*Immune*



SIR*Model:*R0*as*a*Threshold*

Disease*Introduc)on:*

Epidemic*occurs*if*R0*>*1.**
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Reff:*Effec)ve*Reproduc)ve*Number*

Rate*at*which*an*infected*individual*
produces*new*infec)ons*in**

a*nonWfully*suscep)ble*popula)on*
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Reff:*The*Effec)ve*Reproduc)ve*Number*
R0*=*4*•  The*average*#*of*secondary*

infec)ons*that*an*infected*host*
produces*in*an**
only*par)ally*suscep)ble*popula)on.*

Reff*=*2*

*Example:**50%*Recovered*&*Immune*
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Why*do*epidemics*peak?*
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Susceptible Hosts
Infected Hosts
Removed Hosts

Reff > 1 Reff < 1 

Death or long-term immunity leads to  
exhaustion of susceptibles 
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Propor)on*to*Vaccinate*
R0*=*4*

•  So*what*%*of*the*popula)on*
must*be*vaccinated*to*eliminate*
transmission*in*a*popula)on?*



Propor)on*to*Vaccinate*
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Propor)on*to*Vaccinate*

You*don’t*have*to*vaccinate*everyone*to*eliminate*transmission!!!*
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Propor)on*to*Vaccinate*
R0*=*4*

•  So*what*%*of*the*popula)on*must*be*
vaccinated*to*eliminate*transmission*in*a*
popula)on?*
*

*
*

75%*Recovered*&*Immune*

Reff*=*1*
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Elimination Thresholds 
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SIR*Model*

S* I* R*I*S* R*
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SIR*Model*with*Birth*&*Death*
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SIR*Model*with*Birth*&*Death*
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SIR*Model*with*Birth*&*Death*
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so*

SIR*Model*with*Birth*&*Death*
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SIR*Model*with*Birth*&*Death*
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Rate*at*which*an*infected*individual*
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Dynamics*upon*introduc)on:*

*

* No*epidemic*if*R0*≤*1*

*

No*endemic*state*

Epidemic*if*R0*>*1*

*

Endemic*state*

SIR*Model*with*Birth*&*Death*
# 

pe
op

le

Time

Susceptible
Infected

# 
pe

op
le

Time

Susceptible
Infected

!"#
! !

!
!"
!" = ! − !"!

!
!! =

!
! + !!

!

!



Reff:*Effec)ve*Reproduc)ve*Number*

Rate*at*which*an*infected*individual*
produces*new*infec)ons*in**

a*nonWfully*suscep)ble*popula)on**
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Why*do*recurrent*epidemics*happen?*

•  Suscep)bles*exhausted*
from*an*epidemic*
*

•  Disease*does*not*
completely*die*out*
(or*is*reintroduced).*

•  Suscep)bles*
replenished*through*
birth*or*loss*of*
immunity,*epidemic*
occurs.*
**
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Infected=Infec)ous*

Infec)on*

Onset*of*shedding*

Infec)vity*=*1*

Don’t*worry*about*
symptoms*and*disease!*

*

Assume*immediate*
infec)ousness*aTer*

exposure…*

An*extremely*simple*view*of*the*world*



A*slightly*more*realis)c*model*

Infec)vity*=*1*
*

(everyone*exposed*becomes*infected)*

Infected*

Infec)ous*

=*

Diseased*

Infec)on* Onset*of*symptoms*

Onset*of*shedding*

Incuba)on*period* Clinical*disease*

Infec)ous*period*Latent*period*



A*slightly*more*realis)c*model*

Infected*
(infec)ous)*Suscep)ble* Recovered*Infected*

(not*infec)ous)*
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SEIR*Model*
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SEIR*Model*
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birth rate 

 

mortality rate 

 

1 / latent period 

 

1 / infectious period 

 

transmission coefficient 
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Assume constant 
population size 
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Rate*at*which*an*infected*individual*
produces*new*infec)ons*in*a*naïve*

popula)on**

X*

Propor)on*of*new*infec)ons*that*
become*infec)ous*

X*

Average*dura)on*of*infec)ousness*
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Equilibria… 

 

Disease free 
equilibrium 

 

Endemic equilibrium 

 

 



Back*to*the*SIR:*
When*does*a*disease*fade*out?*

time

# 
ho

st
s

S 

I 

R 

In simple �SIR� models of epidemics, # of infected 
hosts never goes to zero…  What allows a fadeout? 



Fadeouts*do*occur!*

•  Cri)cal*Community*Size*
The*(≈)*threshold*
popula)on*size*at*
which*a*disease*can*
persist.*

•  Stochas)city*in*epidemic*
troughs*causes*disease*
fadeout*in*small*
popula)ons.*

# 
pe

op
le

S 

I 

R 

measles fadeouts per year  
VS 

population size 

Grenfell and Harwood, 1997 

Fadeouts*per*year**
vs**

Popula)on*Size*



What accounts for epidemic cycles? 

From: Earn et al. 2000 Science 

2*year*cycles!*WHY?*



!"
!" = ! − !"#! − !"!
!
!"
!" =

!"#
! − !! − !!!

!
!"
!" = !! − !" − !"!!
!
!"
!" = !" − !"!
!

Seasonal*SEIR*Model*
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individuals/year 

 

years-1 

 

days-1 

 

days-1 

seasonal  
(school terms) 



Seasonal*SEIR*Model*
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average contact rate

time (years)
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Susceptible Replenishment & 
Periodicity 

Life*Expectancy*of*40*years*
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Life*Expectancy*of*40*years*
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Susceptible Replenishment & 
Periodicity 

Life*Expectancy*of*50*years*
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