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3. How would we respond to this scenario?
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γ is the mortality rate
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Diffusion of an Epidemic
• This model uses “walkers” which spread the
epidemic over the network
• Walkers at the same airport (node) can infect
each other
• Walkers on the same flight (link) can infect each
other
• Treatment can only occur at airports
• Each time step consists of a diffusion + infection

A Trifecta of Disease
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Important Note: Many of these values are not
statistically perfect due to small sample sizes and old
data. In general these parameters are reported as
ranges.

Disease Interactions
Plague suppresses the cytokine response
Smallpox and MVD cause cytokine storm
As a result, contracting plague can produce a
protective effect against smallpox and MVD
(and vice versa)
On the other hand, contracting smallpox and
MVD together will likely result in immediate
death
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• The secondary disease is
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• The primary disease is
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Important Note: When multiple diseases are
contracted during the same time step, the
primary one is chosen randomly. Averaging
then makes interaction strengths symmetric
with respect to each other.

Structural Network Properties
Degree Distribution

Clustering Distribution

Average Degree: 10.6419
Average Clustering Coefficient: 0.4826

Centrality Measures
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Epidemic Spreading
Initially consider SIR without treatment or interactions:

The diseases spread very quickly and result in a very high
number of deaths. Plague does not play a significant role. MVD
lasts the longest while smallpox spreads the fastest.

Treating the Epidemic
Next consider SITR without interactions:

The infectious period is much shorter for all diseases and the
number of deaths is cut in half. Notice the epidemic lasts much
longer in this case. This is likely due to the way treatment is
applied in the model.

Competing Contagions
Now consider SITR with disease interactions:

When the diseases interact the epidemic lasts much, much
longer. This is because for 2 of the 3 interactions the infectious
period is prolonged. Therefore, a small number of infectious
walkers can drastically change the results.

Fighting Competing Contagions
Using SITR with disease interactions, eliminate central airports:

As expected, reducing the connectivity of the network
drastically reduces the epidemic time. However, more people
die here. Why is that?

Extensions of the Model
• Distances and passenger densities can be used
as link weights
• Infection probability increased on flights
• Larger number of walkers per node
• Age distribution determines likelihood of
recovery from diseases
• Remove treated individuals from network
• Treatment based on location

Conclusions
• When multiple diseases are involved there are
complex interactions which are heavily
dependent on initial conditions!
• There is some parameter space which defines a
transition from deterministic to chaotic.
• Removing central nodes is not enough to
minimize deaths!!! Different approach needed.
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