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Background

Goal: Mitigate the spread of Ebola in
West Africa by determining the
optimal placement of a treatment
center
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The Model

Model Assumptions

» Infected individuals can move to three different
compartments: Removed and infectious, removed and buried,
removed and recovered

» Individuals who have died from the disease but who have not
yet been buried can still infect susceptible individuals

» Individuals who recover from the disease are no longer
susceptible

» Once hospitalized, infected individuals can still infect others.
However, those who die in the hospital are buried
immediately, and thus cannot infect others once dead

» Hospitals have unlimited space, but there is some delay in
hospitalization
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The Model

State Diagram
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The Model

The Model
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Parameter Fitting

Parameter Fitting

Data: country time series data compiled from WHO reports
up to December, 2014 [9].

fminsearch: Finds the minimum of unconstrained multivariable
function using derivative-free method.

Error function: Sums of Squares
e: =3 /(Raata — (Ri + R5))? + (ldata — (I + H))?
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Parameter Fitting

Parameter Fitting

5-parameter Guinea Cases & Death Fit
b1 =2.68e-10, b2 = 6.38e-08 , b3 = 3.57e-09 , g2 = 0.0276 , psi = 1.44, n=90
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Parameter Fitting

Parameter Fitting

Problematic Data - Liberia
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Parameter Fitting

Parameter Fitting

5-parameter Liberia Cases & Death Fit
b1 =1.25e-07, b2 = 4.22e—07, b3 = 6.59e-09,gamma2 = 0.0528, psi = 0.497, n = 33
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Parameter Fitting

Parameter Fitting

5-parameter Sierra Leone Cases & Death Fit
b1 =4.26e-07 , b2 = 7.5e-07 , b3 = 2.66e-11, g2 = 0.0307 , psi = 2.21, n = 46
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Model Coupling

Adding Transportation Between Countries
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Model Coupling

Coupled Parameter Fitting

6-parameter Guinea Coupled Cases & Death Fit
phi12 = 1.21e-10, phi13 = 0.0216, phi21 = 3.44e-07, phi23 = 0.0161, phi31= 0.0237, phi32= 0.0152
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Model Coupling

Coupled Parameter Fitting

6-parameter Liberia Coupled Cases & Death Fit
phi12 = 1.21e-10, phi13 = 0.0216, phi21 = 3.44e-07, phi23 = 0.0161, phi31= 0.0237, phi32= 0.0152
T T T

E

I+H

’RI + RB
2500 Ry
fNumber of cases data
*Deaths data

2000

1500

Population

1000

500

. . .
100 120 140 160 180 200 220
Days

Colorado School of Mines




Model Coupling

Coupled Parameter Fitting

6-parameter Sierra Leone Coupled Cases & Death Fit
phi12 = 1.21e-10, phi13 = 0.0216, phi21 = 3.44e-07, phi23 = 0.0161, phi31= 0.0237, phi32= 0.0152
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Model Coupling

Coupling Method and Results

» Created coupled (21 compartment) model, with initial
conditions “stitched” together

> Used previously fit parameter values for each country, then fit
transportation coefficients to the same data as before

» Error without coupling: 142

» Error with coupling: 14
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Hospital Placement

Placement Based on Parameter Values

Guinea | Liberia | Sierra Leone
(hospitalization rate) ™1 4 | 1.44 | 0.497 2.21
death rate (not hospitalized) p; | 0.649 | 0.77 0.451
death rate (hospitalized) po | 0.59 0.7 0.41
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Hospital Placement

Placement Based on Sensitivity Analysis

Relative change in population steady state given a change in a
parameter value

ol
T
Guinea -336.882
Liberia -84.6367
Sierra Leone | -0.467521
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Hospital Placement

Placement Based on Minimizing Infectious Population

Change in infected population based on change in y
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Future Work

» Increase resolution — provinces rather than countries
» Assume hospitals have a finite capacity (logistic transfer rate)

» Observe epidemic by placing “patient zero” in one country
and watching it spread with the coupled model

» Gather recent data and update our model while the epidemic
is ongoing
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Variable Definitions

Populations:

S = Susceptible Population

E = Exposed Population (infected but not yet showing symptoms)
| = Infectious Population

H = Hospitalized Population

R; = Removed and Infectious Population (dead but not yet buried)
Rg = Removed and Buried

Rr = Removed and Recovered

Ebola Dynamics Colorado School of Mines



Variable Definitions

Parameters:

o = population growth constant|3]
1 = transmission rate between infected and susceptible
2 = transmission rate between removed and still infectious and susceptible
[33 = transmission rate between hospitalized and susceptible

d = rate at which people move from exposed to infected [4]
v1 = (average time with disease for unhospitalized individuals) ™!
~2 = (average time with disease for hospitalized individuals)*1

1) = (average time that people become hospitalized)_1
p1 = 1.1 X pp = the proportion of people who die of the disease who are not hospitalized [5]
p2 = the proportion of people who die of the disease who are hospitalized [5]

w = (time until one is buried) ™
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