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SIR models revisited: from 

individual level to population level

PM and Shigui Ruan In preparation (2012)
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When one neglects the demography, an epidemic 

becomes a combination of the following aspects:

(a) a rule of contacts between individuals;

(b) a rule of transmission per contact;

(c) a rule of development of the infection at the level of 

individuals.



• Monte-Carlo: Gillespie’s algorithm (see Doob’s book)

• Epidemic on Networks
– Durrett and Levin (1994) 

– Newman (2003) (2010)

– Meyers (2006)

– Durrett (2007) and (2010)  

– Barrat Bathélemy and Vespignani (2008)

• Epidemics and IBMs:
– Levin and Durrett (1996)

– Keeling and Grenfell (2000)

– DeAngelis and Mooij (2005) 

– Grimm and Railsback (2005)

• Epidemics and comparison between IMBs:
– Smieszek, Fiebig and Scholz (2009) 

– Ajelli et al. (2010)

• Comparison between IMB and DEM:
– Pascual and Levin (1999) (in the context of predator-prey) 

– D’Agata et al. (2007) (in the context of epidemics and nosocomial infections)

– Hinow et al. (2009) (in the context of cell population dynamics)

– Sharkey (2008) (in the context of epidemics in networks)

Some references



Rules of Contacts

Assumption 2.1 

(a) At any time each individual has initiated exactly one 

contact with an individual in the population (possibly 

himself).

(b) The duration of a contact follows an exponential law 

and the average duration of a contact is TC> 0.

(c) At the end of a given contact the initiating individual 

randomly chooses a new individual within the population 

and the duration for this contact is determined.



Diagram of the contact network at a given time t>=0. 

The first S-individual (S1) only 

contacts with himself. 

The second S-individual (S2) 

chooses to contact with a third S-

individual (S3) who in turn contacts 

with an I-individual (I5). 

I5 contacts another I-individual (I4) 

who chooses S2 for contact.



Define  

• SC is the number of S-individual in Contact with a I-individual 

• SF is the number of S-individual in contact Free with a I-individual 

• IC is the number of I-individual in Contact with a S-individual 

• IF is the number of I-individual in contact Free with a S-individual

Contacts between S and I individuals

Game theory like model!



200 Individuals 2000 Individuals



Assumption 2.3 

During a given contact between an S-individual and an 

I-individual the probability of transmission is

(a) pS if the contact was initiated by an S-individual

(b) pI if the contact was initiated by an I-individual 

Definition :We will say that 

(i) the transmission is driven only by S-individuals if pS>0 and pI=0

(ii) the transmission is driven only by I-individuals if pS=0 and pI>0

Rules of transmission





Individual Based Models (IMB)

IBM22

Second new SIR

IBM21

First new SIR 

End of 

contact

IBM12

Classical SIR
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Classical SIR

Begging of 

contact

Transmission 

driven by I

Transmission 

driven by S



Transmission Driven only by S-

Individuals
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Asymptotic behavior
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Comparison with the classical SIR model
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Numerical Simulations100 Individuals 10 000 Individuals





Transmission driven only by I-individuals

Define Sn(t) the number of susceptible which have been chosen n-times 

for a contact by an infectious (at time t) 







Happy birthday Chris! 


