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1 Introduction

Ebola hemorrhagic fever, also called ebola virus disease (EVD), remains a severe threat to health
in sub-Saharan Africa. EBV results from by infection by the ebola virus, a so-called filovirus
because it looks long and slender, like a filament, under an electron microscope. On average,
ebola kills half of the people it infects (the case-fatality rate is 50%), but some strains have a
kill rate over 90%. This high mortality rate, along with its extreme communicability, make it
a very attractive bioterror agent. Oddly enough, its use as a weapon is limited; it usually kills
too fast to be transmitted throughout a large group of people (but that has changed in the last
2 epidemics). Therefore, weapons designers are looking for ways to improve the virus’s ability
to spread. But, since the communicability is already very high, they are looking to decrease
the case-fatality rate and/or allow people who recover to remain susceptible; that is, they seek
a way to keep the immune system blind to infection.

2 Model

Let S(t) and I(t) be the number of uninfected (susceptible) and infected people at time t ∈
[0,∞), respectively. Let r be per capita births minus natural (non-disease related) deaths
(λ − µ in the introductory model) and K = (λ − µ)/c be the carrying capacity for humans
in sub-Saharan Africa. Furthermore, let β be the probability of transmission between infected
and uninfected people and δ be the rate of death of infected individuals. Then the ebola model
you will study takes the following form:

dS

dt
= rS + ρI − βSI

S + I
, (1)

dI

dt
=

βSI

S + I
− ρI − δI. (2)

3 Initial parameterization

Parameter Meaning Initial value Unit

r Population intrinsic rate of increase 8.9× 10−4 per month
ρ Disease recovery rate 0.9 per month
β EBV transmission rate 0.05 per person per month
δ Ebola death rate 0.6 per month
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4 Model Analysis

Here is a suggested outline for your analysis of this model:

1. Completely analyze the case when there is no initial infection (I0 = 0). Find the equilibria
(fixed points) and analyze their stability using the stability theorem.

2. Code the model in MatLab using the parameters lised above. Set your initial number of
uninfected and infected people at 1 and 0, respectively. (These values are scaled in 1000s,
so 1 means 1000.) Run the model to see how it behaves.

3. Begin to vary the parameters. Check the computer output against the mathematics from
the first step in the analysis. Make sure they completely agree before continuing.

4. Return the parameters back to their defaults. Keep the initial number of uninfected (S(0))
the same, but now set I(0) = 0.1. Run the model and compare this result to that when
there was no infection. How does ebola affect the dynamics of the overall population?

5. Come up with at least 3 different scenarios in which a terrorist group could change the
behavior of the disease (infection, death and recovery rates) to infect the maximum num-
ber of people. Be specific. That is, in each scenario, suggest how we could combat
these changes, which parameters would be affected and how they would be affected (is it
increased or decreased?). Explore those scenarios in MatLab.

6. Play with the model and have fun. Try new things. Learn as much as you can about the
model and its behavior.
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