
Contagion
Understanding how diseases spread



A network to spread on
• Contagion and diffusion depend on the 

structure of our network.
• Nodes are individuals, links indicate that 

interactions occur between 2 nodes. 
Therefore, links represent the possibility of 
spreading the disease. 

• Even though each person meets one or two 
other persons, the structure of the network 
may ensure diffusion of the disease to a 
large portion of the network.



Reproduction number R0
• It tracks how many new persons are infected by 

an already infected individual in a population in 
which everyone is susceptible. 

• R0 depends on 
• how easily the disease spreads from one 

person to another (biological features of 
the pathogen)

• how many people a given person interacts 
with (network issue)

• R0 differs across locations because networks 
are different in different places

• R0 is lower than the average number of 
connections in the network because the 
disease is not always transmitted



The effect of network 
connectivity on transmission 
In this example, A is patient 0 and the 
disease is passed about 50% of the time. 
• A is connected to B,C,D and E but passes 

the disease only to B and D.

• B is connected to F and passes it to F
• D is not connected to anyone

• F is connected to G and I and passes it 
to G, who is not connected to anyone 
else

Eventually 5 people out of 11 become sick.



The effect of network 
connectivity on transmission 

Now, D is also connected to L 

• A is connected to B,C,D and E but passes 
the disease only to B and D.

• B is connected to F and passes it to F

• D is not connected to L and passes it

• F is connected to G and I and passes it to 
G, who is not connected to anyone else

• L is connected to I and K and passes it to K

• K is connected to M but does not pass it

Eventually 7 people out of 11 become sick.



The effect of network 
connectivity on transmission 
• If people do not have interactions, the 

disease does not spread, this is the logic 
of social distancing.



Conditions for a disease to spread

• If the social network of people and the 
biological properties of the pathogen are 
such that each person infects less than one 
person, in that case R0 is less than 1, and 
the disease will die out.

• the social network of people and the 
biological properties of the pathogen are 
such that each person infects more than 
one person, in that case R0 is more than 1, 
and the disease spreads



Challenges

• Our world is each time more connected
• It took the Black Death years to spread. It took 

COVID-19 only a few weeks.

• New diseases may develop at any time (e.g. 
zoonotic such as SARS, MERS and COVID-19) 
and known diseases may mutate (e.g. 
tuberculosis adapting to antibiotics).



Vaccination

• R0 is calculated under the assumption that 
everybody is susceptible. R0 is only based 
on biological, socio-behavioral, and 
environmental factors that govern pathogen 
transmission. 

• The effective reproduction number also 
incorporates the fact that not everybody is 
susceptible. For instance, some people are 
immune (naturally or through vaccination). 
To eradicate diseases in a given network, 
the effective reproduction number must be 
brought below 1. Vaccination and sanitation 
are the means to accomplish that goal.



Computing 
the 
reproduction 
number R0

• Using individual-level data: Once an 
individual is diagnosed, his/her contacts are 
traced and tested. R0 is then computed by 
averaging over the number of secondary 
cases of many diagnosed individuals. 

• Using population-level data: it uses 
theoretical models that make individual-
level assumptions to describe the dynamics 
of the disease at the population level. This 
model is then fit to the data using statistical 
methods. This is the most common way.



Susceptible-Infected-Removed (SIR) model
• It models the dynamics of the disease. 

• At time t=0, there is a large susceptible population 
S(0) and a small infectious population I(0)

• At date t, the population of susceptible population 
is S(t), the infectious population is I(t) and the 
recovered (and immune) population is R(t).

• S(t) and I(t) interact and the disease is transmitted 
at rate b. It captures the interactions through our 
social network and biological properties of the 
pathogen. It depends on the size of the infectious 
group and it varies through time.

• A fraction g of I(t) ends the disease.

• A fraction f of those who end the disease recover. 
The others die.



Susceptible-
Infected-
Removed 
(SIR) model

• SIR is called a compartment model because it 
assigns each person in the population into a group 
(susceptible, infectious and recovered)

• The model tracks the dynamics of the disease and 
predicts the sizes of the infected and recovered 
populations.

• An epidemic occurs if the number of infected 
people increases. At the beginning of an infection, 
this occurs if the rate of transmission b is greater 
than the removal rate g. 

• R0 can be computed as a function of the parameters 
of the model (it is simply the average number of 
secondary infectious cases following an initial 
infectious case)

• The model predicts that a disease-free equilibrium 
occurs when R0<1and an endemic equilibrium 
occurs when R0>1.



Susceptible-Infected-
Removed (SIR) model
• The model predicts how the curves tracking the 

number of people in each compartment look 
like for any possible parameter value.

• In general, we do not know the parameters of 
the model (b, g and f) and the model is used to 
find them. We do this by ``fitting’’ the model. 
We use existing data about the number of 
infected people, the number of recoveries and 
death and we search for the curves generated 
by the model that are the closest to the 
observed data. When we find a match, we 
conclude that the parameters we are looking 
for are those that correspond to the matching 
curve. Based on these parameters, we can 
compute R0 and any other statistic we need.



Diseases with 
incubation periods
• The model can be complexified in a variety 

of dimensions. For instance, we can easily 
include an incubation period during which 
people may or may not infect others.
• Add a compartment “Exposed”, this is 

the SEIR model
• Add parameters that capture how 

people go from “Susceptible” to 
“Exposed” and from “Exposed” to 
“Infectious”



Challenges and 
limitations
• These estimations are conducted for all 

diseases and they are often summarized 
in two indicators: R0 and the fatality 
rate. They are the most important 
parameters to decide on public 
intervention.

• However, if the population data is not 
reliable (e.g. numbers are not properly 
reported) or the sample is biased (e.g. 
only sick patients are tested), the 
estimates of the model are not reliable. 
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