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SEIR model simulation on the spreading of Ebola virus
between two regions

A M Rohmah' and D Rahmalia’

! Department of Mathematics, Universitas Islam Darul ‘Ulum Lamongan
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Abstract. In this study, we formed one of epidemic models that describe the spread of Ebola
virus disease between two regions in the mathematical model known as SEIR epidemic model.
For constructing the mathematical model, it is necessary to understand the phenomenon of the
spread of the Ebola virus such as that the number of infected populations in one region does not
only depend on the number of infected individuals in one region but also by individuals traveling
from one region to another. Based on this phenomenon, we constructed the SEIR mathematical
model to determine the dynamics of the spreading virus. We computed the Basic Reproduction
Number to determine the stability of the spreading virus. We applied the numerical simulation
using the Runge-Kutta Order 4 method to illustrate the results obtained. The simulation results
show that region B has a higher spread than region A, because the number virus transmission in
region B is higher than that in region A based on the Basic Reproduction Numbers.

1. Introduction

Ebola disease is a virus that can spread through direct contact with individuals through damaged skin or
mucous membranes with blood, secretions, organs or other body fluids from an infected person, or it
can also occur in infected individuals due to contact with contaminated objects and the clothing
contaminated with liquids. The spread of the virus is from bats infected with the virus, where people in
West Africa still frequently have directly contact with the infected animals, resulting many infected
individual [1].

The spread of Ebola virus occurs when the people in the region B and region A do trade and
transactions with people in region A who are infected with the Ebola virus, resulting the spread of virus
in region B. The virus has an incubation period during 2-21 days. Based on this incident, WHO and
Health Experts conducted census on cities where individuals in these cities are suspected of having
contracted the virus [2].

The development of science in the medical field has an important role in the spread of the Ebola
virus, but in the field of mathematics, it has a role in knowing the phenomenon of the spread of the Ebola
virus. Mathematical models are the method that can be used to study dynamics and predict the behavior
ofthe spread of infectious diseases such as the Ebola virus. This phenomenon is modelled by differential
equation with a continuous time process representation. Some examples of mathematical models used
to determine the pattern of disease spread are Susceptible Infected (SI) model, the Susceptible Infected
Susceptible (SIS) model, the Susceptible Infected Recovery (SIR) model, the Susceptible Exposed
Infected Recovery (SEIR) model, and so on.
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Hadianto and Budiantara [3] constructed pre-coalition model between HIN1-p and H5N1 influenza
virus that attack poultry and humans. The model was formed based on transitions and genetic changes
in individual populations, the co-existence of the two viral transmissions was analyzed. Atangana and
Goufo [4] constructed mathematical model on the spread of the Ebola virus in West Africa. Li and Teng
[5] analyzed the epidemic model of the Susceptible Exposed Infected Treatment (SEIT) with the Ebola
virus transmission application in Guinea and estimated the parameters of the model using the Least
Square method. Mathematical model by simulating the spread of the Ebola virus between two countries
has constructed by Rohmah [6].

In contrast to previous studies, this study develops SEIR (Susceptible Exposed Infected Removed)
type mathematical model which describes the transmission of the Ebola virus spread between two
regions in West Africa, namely region A and region B. The model is constructed with individuals
traveling between two region. This study is conducted because the number of infected subpopulations
in an area is not only caused by individuals in one area but also it can be caused by individuals from
other regions traveling, so that individuals infected with the Ebola virus can infect susceptible
individuals in an area. Dynamical system analysis is performed to determine the stability of virus spread
based on the Basic Reproduction Numbers. In the final section, numerical simulations are applied by
Matlab software with the Runge Kutta Order 4 method which aims to determine the effect of individual
movement between regions on the spread of the virus.

2. Method

This method used to achieve the objectives of this study is to determine the Basic Reproduction Number
to determine the flow of a virus. For determining the Basic Reproduction Number, it uses the next
generation matrix, namely A = FV~! and the Basic Reproduction Number can be written as
Ry = p (FV™1) = p(A), where p (A) is spectral radius of matrix A, which is the maximum modulus
of the eigenvalues of matrix A. The steps taken are as follows: For calculating the reproduction number
Ry. the first thing to do is the formation of the matrix F;{x) and the matrixV;(x). It is defined that the
matrix F;(x) is a matrix whose component is the rate of emergence of new infections in compartment
i.Meanwhile the matrix V;(x) is a matrix whose component is the rate of individual displacement V™™
and the rate of individual displacement into V;™* to compartment i. After obtaining the F; (x) and V; (x)
matrices with partial derivatives of the Jacobi matrix, the F and V matrices are obtained. Based on the
F and V matrices, the next step is to find the value of FV 1 50 that it can be determined the Basic

Reproduction NumberRy = p (FV_I) = p(A). For the spread of the Ebola virus, a simulation using the
Runge kutta order 4 method using Matlab software is used.

2.1. Mathematical Model

Based on the development of research [6], in this model the population is divided into four
subpopulations, namely Susceptible (S) subpopulation, Exposed (E) subpopulation, Infected (I)
subpopulation, and Removed (R) subpopulation. The change in each subpopulation is influenced by the
interaction between susceptible individuals and infected individuals or (53,;) with i = 1.2. If §; is the

rate of virus transmission in one area and the chance of contact is 8; , then Siﬁfsff is the number of
1
contacts of susceptible individuals interacting with infected individuals, so that }.7_, Biﬁts; ;T = 6pS ¥
1

. The interaction of susceptible subpopulation with the possibility of the subpopulation is infected in
I
N

individuals and susceptible individuals or (s;, ;) with j =2.1 where w; is the rate of virus transmission

. . . . L .
region A is 91,6’151 —L and for region B is 028253 nTz However, there is also contact between exposed
1 2

between regions and the number of contacts is 8; , so that 8w, 3 e; is the number of exposed individuals

who interact with susceptible individuals. Therefore, the number of individuals can be written as

[¥]
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X eiw, V.
i

chances of a susceptible subpopulation in region A is 8y, ;—11 E, and for region B is Szwzi—z E,.The

5 . . . .
€ = Bw;E. The presence of exposed subpopulation interactions that interact with the

parameter ; represents the traveling rate, the b; parameter is the death rate, the rate for exposed infected
individuals is ¥;, and the cure rate is ;.

Based on the identification of these problems, the phenomena that occur in region A and region B
can be formed a mathematical model. This case begins from susceptible individuals who have directly
contact (touching, sweat, saliva, clothing, etc.) with infected individuals who have not shown clinical
signs (any cases suspected by a general practitioner and have not been confirmed by laboratory tests of
Ebola virus disease). When an individual is tested as positive for infection during laboratory tests, the
individual becomes infected with the Ebola virus. In infected individuals, they will decrease if healing
1s done, but until now there is no treatment.

The SEIR type mathematical model can represent the phenomena that occur in the spread of the
Ebola virus. The incubation period is the time between the entry of the virus into the body and symptoms.
The Ebola virus ranges from 2-21 days. Ebola virus transmission occurs when symptoms appear, for
example vomiting, internal bleeding through the mouth, nose and ears. The compartment diagram of the
Ebola virus spread can be seen in figure 1.
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Figure 1. Compartment diagram.

In this way, each of these subpopulations can be formed in a mathematical model in equation (1) — (8).

dSl [1 Sl
? = ﬂlNl — blsl — 91ﬁ151ﬁ1 — alsl + (ZzSz — lelEZFl (l)
ds, I 5
F = azN; — byS; — 6,5,5; Fz — a5, + a5 — szzElE (2)
dE; I 51
E:913151E—T1El —b By — By +axEy ‘|'31~f015'2f1 3
dEz 1’2 SZ
E = ezﬂZSZATZ_yzEZ_bZEz _a2E2+C€1E1 +62w2E1F2 (4)
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dl

§=YIEI 7b111*k111 (5)
2

—— =y3E; — by — ksl (6)

gfg | #1551 211 242

d_tlzklll _blRl —a1R1 +a2R2 (7)

dR

d_tz = kzlz — bsz — ﬂszz + ﬂlRl (8)

2 2. Basic Reproduction Number
Basic Reproduction Number can be used to show the number of new infections caused by infected

individual [7]. Based on equation (1), the Basic Reproduction Number with FV =1 is determined in
equation (9).

(6,0, 0, CD + (8, B1y1)BD)  (8,0,)ACD — (8 a,,y2)D

H H
FV-1= (0,02)ACD — (01171)BC  (8,,a,)CD + (8, ,v2)AC
H H
0 0
0 0
(6,8,)ABD — (6,$,)ED 0 (9)
H
0 (6252)ABC — (682,)CE
H
0 0
0 0
with
y1+b1+ﬁ+a1:Al bz'l’kz:D,
v2+b, + f,+a, =B, a;a; = E, and
by +ky =0C, ABCD + CDE = H

Next, we determine the Eigenvalue of the FV ™ matrix until the Basic Reproduction Number (R,) is
obtained. To fulfill (Ry) < 1, where the conditions in region A and B are disease free and to fulfill

(Ry) > 1. namely where the conditions in region A and region B are endemic. (Ry) is obtained in
equation (10).

(Broyay) [T 1 (bi + ki) + (8181v1) (2 + by + az)(by + k3)
Rp = T2, (v + by + ) (by + kq)) + (anan) T2, (by + ki)
2
(B2020) [T 1 (b; + ki) + (8282v2) (1 + by + @) (by + ko) (10)
T2, ((vi + by + @) (by + ki) + (@y ) T2 (Bs + ki)
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T2((: + by + @) + ko) + (@an) [, (b + k)

2

(B205a5) Hfgl(bi + k) + (92,82}’2) (y1 + by +a)(by + kl))z
T2, (Gre + b + a)(by + k) + (@aay) [T, (bi + ke)

‘]((916010?1} [T (B + ki) + (81 P1v1)(y2 + by + @z) (b + k»)

4((91w1a1) [T2.,(b; + ki) + (01 Br1va) (y2 + ba + a3)(by + kz))
IT2_, (i + by + @) (b; + k) + (ayaz) TT2 , (by + ky)

(Bz05a5) [17_,(Bi + ki) + (8282v2)(ya + by + @y )(by +ky)
ML, (G + by + o) (by + ky)) + (ayan) [T, (b; + ky)

(610011 + by +ay ) 112, (b + ki) — (B2a2B272) (s + k2)
T2 (v + b + i) (bi + ki) + (anan) [T2, (b + ki)

(B02)(yy + by +ay) [12 (b + ki) — (01B1y1) (2 + by + az)(by + K1)
12, ((ri + by + ) (by + ky)) + (ayaz) [T, (B + ky)

3. Results and Discussions
The numerical simulations are applied by Matlab software aiming to see the spread of the virus visually
so that it is easy to analyze the system based on reproduction numbers and persistence analysis is
obtained from the virus spread model between two regions. In this simulation, the 4th order Runge Kutta
method is used. Parameters used are initial value as in table 1 and parameters of virus spread as in table
2.

Based on equation (1), the initial values and parameter values in table 1 and table 2 are simulated
with the Runge Kutta Order 4, so that the following graphs are obtained.

Wikayzh A ddan Wikaysh B
T T = — T

bt

=0 = = o
e ()

Figure 2. Changes in subpopulation in region A and region B.

Based on figure 2, changes in subpopulations in regions A and region B experienced an increase in the
infected subpopulation. It occurs because the virus transmission rate is very high and the transmission
rate in region B is greater than region A. In days 200 to 900, they begin to show a stable state. Region
A and region B are endemic state with Ry > 1.namely Ry = 3.0245747.
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Table 1. Initial value of region A and region B.

Subpopul  Initial value Subpopul Initial Subpopul Nilai  Subpopul Initial
ation at ation at value ation at awal  ation at value
t=0 t=10 t=0 t=0
5 11744951 5 6.440.000 L 127 L 130
E, 113 E, 119 R, 87 R, 89
Table 2. Parameters of region A and region B.
Parameter Region A Parameter Region B
a 0.03692 az 0.03658
b, 0.03692 b, 0.03658
8, 1 8, 1
B 0.4 B> 0.4
wy 9.3133x10* w3 9.3133%10"
Y1 09 Y2 0.9
Ky 0.005140 ks 0.005140
o 0.09 ay 0.08
1014 Wilayah A dan Wilayah B
* ‘ I I I [ oS e ot b b wunw;l‘n Fy
g o Pamoaet Wit 5
=
]

100 200 200

A00 CGG) 600 o0 B0

wembk i (e )

BO0

Figure 3. Region A and region B where the death rate is lower than the birth rate.

1 - RN

Py v Wy

Figure 4. Region A and region B where the death rate is higher than the birth rate.

Based on figure 3, region A and region B have experienced an increase starting from day 700. This is
due to the low mortality rate, resulting the spread of the virus which continues to increase. It can be seen
that the infected subpopulation has experienced a very high increase. Based on figure 4, region A and
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region B have decreased to near zero (0). This is because the death rate is higher than the defeat rate. So
that each subpopulation has experienced a decline that is almost extinct.

[T —

Figure 5. Region A and region B are disease Free.

Based on figure 5, regions A and region B do not have the spread of a disease. This is because there is
no spread of the virus in the two regions. So that the susceptible subpopulation has increased and the
subpopulation of exposed, infected, and removed has decreased to zero.

4. Conclusion

Based on results and discussion, they can be concluded that in the model of Ebola virus spread between
two regions, there is Basic Reproduction Number as the threshold for stability at the disease-free
equilibrium point. If Ry < 1 then the disease-free equilibrium point is stable. If Ry > 1 then the disease-
free equilibrium point is unstable. The Basic Reproduction Number obtained is to determine the flow of
virus spread. In the simulation, it is found that region B has a higher spread than region A, because there
is a higher transmission of the virus in region B than in region A according to the graph of cases of the
spread of the Ebola virus.
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