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SIS Model 
- Suscept ible - infect ious - Suscept ible 
- Appropriate for diseases that commonly 

have repeat infect ions 
- 𝛃𝛃 controls the rate of spread 
- 𝝲𝝲 is the recovery rate 

- 𝝲𝝲  = 1/D where D is the average 
durat ion of infect ion 

 

https:/ / inst itutefordiseasemodeling.github.io/Documentat ion/general/model-si.html 



SIR - SIRS Model 
- Suscept ible - Infect ious - Recovered  

(Suscept ible) 
- Appropriate for diseases with lifelong 

immunity upon recovery 
- 𝛃𝛃 controls the rate of spread 
- 𝝲𝝲 is the recovery rate 

- 𝝲𝝲  = 1/D where D is the average 
durat ion of infect ion 

- ξ is the rate which recovered individuals 
return to the suscept ible state 

https:/ / inst itutefordiseasemodeling.github.io/Documentat ion/general/model-sir.html?searchText=SIR 



Epidemic threshold 
“The crit ical number or density of susceptible hosts required for an 
epidemic to occur.”  

In a large scale-free network τ=0, which means that a virus can 
instantaneously reach most nodes. Where τ is the characterist ic t ime 

In a large scale-free network λc=0 (threshold vanish), which means 
that even viruses with small spreading rate can persist in the 
populat ion. Where λc is the epidemic threshold 
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Temporal Network 
- Timing and durat ions are needed to make 

the model more accurate 
- Ignoring t iming can sometimes lead to 

wrong results 

 

http:/ /networksciencebook.com/chapter/10#degree-distribut ion-10-5 
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Bursty Contact  
Pat terns 

The interevent t imes in most social systems follow a power law distribut ion, not an 
exponent ial distribut ion as assumed before. 

 

the sequence of contacts between two individuals is characterized by periods of 
frequent interact ions 

 



Bursty Contact  Pat terns 
the power law also implies 
that occasionally there are 
a very long t ime gaps 
between two contacts. 
Therefore the contact 
pattern have an uneven, 
“bursty” character in t ime 
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Degree Correlat ions 
- Many social networks are assortat ive. Meaning that high degree nodes 

tends to connect to other high degree nodes 
- This degree  correlat ion alter the speed with which a pathogen spreads in a 

network 



Degree Correlat ions 
1. Assortat ive correlat ions decrease the epidemic threshold ƛ and disassortat ive 

correlat ions increasee it  
2. Epidemic threshold has nothing to do with degree correlat ions as it  vanishes 

for scale-free network 
3. Given that hubs are the first  to be infected in a network, assortat ivity 

accelerates the spread of a pathogen, and  disassortat ivity slows the spreading 
process. 

4. In the SIR model, assortat ive correlat ions lower the prevalence but increase 
the average lifet ime of an epidemic outbreak 
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Link Weights and Communit ies 
- Tie strengths vary considerably. They are 

not equal! 
- Tie strengths affects the accuracy 
- strong t ies tend to be within communit ies 

while weak t ies are between them 

 

http:/ /networksciencebook.com/chapter/10#degree-distribut ion-10-5 
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Conclusion 
Simple Contagion vs. Complex Contagion 

- Communit ies have mult iple consequences for spreading.  (I.e. Pathogens and memes on 
twit ter may follow different spreading patterns.) 

- Prompting us to dist inguish simple from complex contagion 

 

 



Conclusion 



Conclusion 
 

In summary, several network characterist ics can affect the spread of a pathogen in a network, from 
degree correlat ions to link weights and the bursty nature of the contact pattern. As we discussed in this 
sect ion, some network characterist ics slow a pathogen, others aid their spread. These effects must 
therefore be accounted for if we wish to predict the spread of a real pathogen. While these patterns are 
of obvious relevance for infect ious diseases, they also influence the spread of such non-infect ious 
diseases as obesity  

http:/ /networksciencebook.com/chapter/10#degree-distribut ion-10-5 

 



Thank you. 
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