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Preface: International Conference on Mathematics, Computational Sciences and Statistics 2020

On behalf of the Program Committee, we would like to thank all participants of “The International
Conference on Mathematics, Computational Sciences and Statistics (ICoMCoS) 2020” hosted by
Department of Mathematics, Universitas Airlangga.

2020 has been a very challenging year due to Covid-19 pandemic, in which for the sake of safety and
well-being of all participants, our initial plan to held ICoMCoS 2020 in Surabaya, Indonesia, has been
converted to be fully delivered virtually. Nevertheless, while we may all be physically distant, we
hope we can still connect intellectually.

The theme of ICoMCoS 2020 is “Mathematics, Computational Sciences and Statistics for a Better
Future”. With increasing complexities of our world today, Mathematics, Computational Sciences and
Statistics have become powerful tools to elucidate all the complexities as well as provide the solution.
ICoMCoS 2020, in a more detail outfit, is designed to provide a multidisciplinary forum for promoting
and fostering interactions between mathematics (Analysis and Geometry, Algebra and Combinatoric,
Applied Mathematics), computational sciences (algorithm analysis, network security and
cryptography, artificial intelligence and machine learning, knowledge discovery and data mining,
machine translation, image processing), and statistics (statistical theory, statistics modeling,
forecasting methods, multivariate methods, econometrics, biostatistics, actuarial sciences) as well as
related methodologies in studying various phenomena in the area.

We would like to say thanks to all authors who have submitted the paper to our proceedings. We also
thank the scientific committee members and all of the reviewers for all supports during the conference
and the preparation of the proceedings. As the scientific manuscripts of the conference, we provide the
AIP Proceedings which contains the high-quality paper selected by a blind review process. We
apologize to the authors if this process creates inconvenience.

Last but not least, there have been enormous collective efforts being put to run ICoMCoS
2020, in one form or another, so, on behalf of the Program Committee, let me take this
opportunity to express my high appreciation to all of those that have contributed.

Cicik Alfiniyah, PhD
ICOMCOS 2020 Program Committee Chair

International Conference on Mathematics, Computational Sciences and Statistics 2020
AIP Conf. Proc. 2329, 010001-1-010001-6; https://doi.org/10.1063/12.0003298
Published by AIP Publishing. 978-0-7354-4073-9/$30.00
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Abstract. Vaccination is the act of getting a vaccine to help the immune system develop protection from a disease. Vaccination
is a good and efficient step to protect population from epidemic. However, vaccines do not necessarily provide perfect immunity
to body because not all type of vaccines have 100% effectiveness. The ineffectiveness of a vaccine affects the dynamics of the
spread of an infectious disease. The dynamics of the spread of infectious diseases with vaccine ineffectiveness can be approached
by mathematical models. This paper aims to analyze the stability of SIVS epidemic model with vaccine ineffectiveness. Based on
model analysis result, the model obtained two equilibrium points namely, the disease free-equilibrium point (E,) and endemic
equilibrium point (E;). In addition, the basic reproduction number (R,) also obtained, which determines the existence and
stability of equilibrium point. Disease free-equilibrium point (E,) local asymptotically stable if Ry < 1, then through phase
plane simulation it conclude that endemic equilibrium point (E;) local asymptotically stable if Ry, > 1. Based on numerical
simulation results, it shows that vaccine ineffectiveness affects the high spread of disease.

INTRODUCTION

Any slow prevention of infectious disease would lead to outbreak and panic attack to everyone [1]. The spread of
infectious disease can cause damage to health, economic and other sectors for a country [2, 3]. As example, when
cholera became plague in Peru (1991) that cause lost to 770 million dollar; it is impact of a decrease in tourist
numbers and an embargo on food trade. Then, on 2006 Somalia lost of 300 million dollar because Rift Valley Fever
became epidemic on that country. Furthermore, Mexico lost 2,8 million dollar in tourism sector (2009), that is the
impact of influenza HIN1 epidemic [3]. That several cases show that the spread of infectious disease is a serious
problem.

Vaccination becomes innovation to prevent the spread of infectious disease. Vaccination help the immune
system develop protection from a disease [4, 5]. Vaccination has a significant positive impact in the health sector.
However according to [6], vaccines do not necessarily provide perfect immunity to body because not all type of
vaccines have 100% effectiveness. The vaccine-based protection is dependent on the immune status of the recipient
[7, 8]. As example, varicella vaccine is effective in preventing chickenpox by 85%, people who receive this vaccine
remain at risk of developing chickenpox by 15% [9]. Also, diphtheria vaccine research in North Sumatra shows that
giving vaccines to children aged 6-14 years has an effectiveness of 89.5% which means they still have the potential
to be infected with diphtheria by 9.5% [10].

There are some works on SIVS epidemic model in which a vaccination program has been included [11, 12, 13,
14]. In previous research, the development of epidemic model is assumed that vaccine 100% effective, so that, the
vaccinated individuals could not get infected. Vaccine ineffectiveness has not count as factor of infectious diseases
spread.
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Research on the spread of infectious diseases in the presence of vaccination can also be done through
mathematical models. Mathematical models are representations of real-world problems into mathematical formulas
[15]. The susceptible-infectious-vaccinated-susceptible (SIVS) model is a mathematical model consisting of three
compartments, namely the population of susceptible individuals (S), populations of infected individuals (I), and
populations of vaccinated individuals (V) [16]. The SIVS model can be applied to diseases that have been found in
vaccines such as chickenpox, polio, and measles [17]. Vaccination in the SIVS model plays a role in providing
immunity for vulnerable individuals

There are several researchers who have developed models of the spread of infectious diseases by vaccination.
Gumel and Moghadas [12] present a mathematical model of the spread of infectious diseases with the assumption
that vaccinated individuals do not experience a decrease in vaccine effectiveness so they cannot return to being
vulnerable. Yang, et al [6] developed the Susceptible-Infectious-Recovered-Vaccination (SIRV) model with
vaccination carried out in susceptible individuals. Sun et al [14] present a model for the spread of cholera by
vaccination carried out in susceptible individuals. Then, Farnoosh and Parsamanesh [11] developed the Susceptible-
Infectious-Susceptible (SIS) model with the assumption that the vaccine is 100% effective so that vaccinated
individuals cannot be infected. Then, Parsamanesh and Erfanian [13] developed a model of the spread of infectious
diseases and assumed that no vaccinated individual could be infected because the vaccine was considered to be very
effective.

Based on the description above, we are interested in studying the model of the spread of infectious diseases with
assumption that vaccine is not 100% effective so the vaccinated individual can become infected. The basic model
used in this paper refers to [13].

The paper is organized as follows: the mathematical model of SVIS is presented in second section. The stability
analysis is given in third section, then we conduct a numerical exploration of both types model in fourth section. We
conclude by discussing our finding and suggesting future work in the last section.

MATHEMATICAL MODEL

The mathematical model in this research is development of the model used in journal written by [13] which
consists of 3 compartment that is, population of susceptible individuals at time t notated with S§(z), population of

infected individuals at time t notated with [(¢), population of vaccinated individuals at time t notated with V/(¢).

The model’s transmission diagram can be seen in Fig. 1. The following is assumption that used on SIVS epidemic

model with vaccine ineffectiveness:

1. Vaccination is given to new individuals and susceptible individuals.

2. Not every new individual receive vaccine, then the new individuals who do not receive vaccine become
susceptible.

3. Vaccination has temporary immunity that will lose as time pass, vaccinated individuals have potential to become
susceptible again.

4. Vaccine does not 100% effective, consequently vaccinated individuals can get infected.

040008-2
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FIGURE 1. Transmission Diagram of SIVS Epidemic Model with Vaccine Ineffectiveness

Based on previous assumption, then the SIVS epidemic model with vaccine ineffectiveness can be formed as
follows:

ds BSI 1
B gy d+ o+ — 22 S (1)
7 (I-g)A+/ +& N (#+p)

dl  pSI  opVI )
P el sl ]

i N N (uy+a)

dv ofSI 3
W _gA+pS— 2 14 3
o CIAtP N (u+e)

where assumptions are the parameter values A, S, v, i,a,6>0,and 0< p<1, 0< ¢ <1, 0< o <1. The definition
of variables and parameters are presented in Table 1 and Table 2 as follow,

TABLE 1. Variable in SIVS epidemic model with vaccine ineffectiveness

Variable Description Unit
S(1) Population of susceptible individuals at time ¢ Individual
V(t) Population of vaccinated individuals at time ¢ Individual
(1) Population of infected individuals at time ¢ Individual
N(?t) Total population at time ¢ Individual

TABLE 2. Parameter in SIVS epidemic model with vaccine ineffectiveness

Parameter Description Unit
A Number of new individuals input to the population per unit time Individual/unit time
q Proportion of new individuals who are vaccinated -
p Rate of disease transmission 1/unit time
v Rate of recovery 1/unit time
H Rate of natural death 1/unit time
a Rate of disease-related death 1/unit time
p Rate of susceptible individuals who are vaccinated 1/unit time
g Rate of losing vaccine immunity 1/unit time
o Vaccine ineffectiveness -
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From equation (1)-(3), it is clear that rate of total population is not constant and fulfill the following equation,

dN
oA uN-al.
a T
Substituting § =N —7 -7 into (1)-(3), and we get the following system,
dil PN —-1-V +0oV) 4)
o/ T TR
7 [ N (,U+7+0!)}
dv ofil (5)
ZogA -1)- Iy
! +p(N )[#+P+8+ N}
d—NzA-,uN-aI (6)
dt

Furthermore, an analysis is performed on (4)-(6).

STABILITY OF EQUILIBRIUM

The SIVS epidemic model with vaccine ineffectiveness have two equilbrium points namely, the disease free-
endemic equilibrium point (E,) and endemic equilibrium point (E;). Then, stability of equilibrium point will be
analyzed.

Equilibrium Points

By assuming 9/ -0, dl,o’ and 9N -0, the model obtain two equilbrium points namely, the disease free-

dt di dt
endemic equilibrium point (E;) and endemic equilibrium point (E;). Equilibrium point E, show as follows.

:(07 A(pq + p) ’A]
Hpu+p+e) p
Then, the basic reproduction number (R) are obtained to determine the level of the spread of infectious disease
in a population with Next-Generation Matrix (NGM) method through the [18] approach. Equation (4) can be written
as follows,

E

0

dl
EfF(l)—Z(I)

with,

F(]):(,BI(N—I—V)E,BIVJ’

N N
Z(1)=(,u+;/+a)1.
Sothat d _(BI(N-1-V) BIV]
d[—( I +N] (u+y+a)l.

Let F and Z is Jacobian matrix of F(/) and Z([) respectively so that obtained,

F _(ﬁ](Nde) I,BIV)

- N N J
Z=(u+y+a)and
71 = 1
i,u+;/+a

Suppose £ = FZ™!, R, are obtained by determining the biggest eigenvalue of the matrix £, so that it can be
obtained,

L_(ﬂI(NfIfV)JrﬁIiVj ,
- N N ) rrra)

Tt pe) p
Lz(ﬁ(u(l—q+aq)+0p+£)j
(u+p+e)u+y+a)

Subtituting disease free-equilibrium E, = (0 A(uq + p) AJ to matrix £ so that,

Then determining the eigenvalue of matrix £,
det(AI — L) =0
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- =(ﬁ(#(1—q+oq)+0p+s)}
(u+tprefuty+a)
R, are the biggest eigenvalue of matrix L, then R are obtained as follows,
R, - (ﬂ(ﬂ(l —q+og)+op +e>)

(u+p+elu+y+a)
and E; show as follows.

E [1* (A=al YugA + p(A—al” — ul") (A—al*)]
' Tu(A-al' Yu+e+p)rucpl’)y )
Endemic equilibrium point E; exists if,
L AsA-pul >al’,
i (ﬂ(u(l—q+aq)+0p+€)J 10 Ry >1
(u+p+relu+y+a)
iii.  popalu+y+a)rafla+y)u+e+p)+opafluta)
B uc(a+u)+a’ (u+e+p)+(u+y+a)+afplu+a)

Stability Analysis of the Equilibrium Points

In analyzing the model localy asymptotically stable is by linearization using Jacobian matrix. The Jacobian
matrix of equation (4)-(6) is,

G—-(pt+y+a) Gy Gy
AR ob1 op1v
] = (p+N) (u+p+£+N) (p+ NZ) ™
4 0 —-u
where,
G AIWN-I-V+oV) . _oG_PIN-I-V+oV) B
N ’ el N N’
2l _
6, 00__ I ofl o pi(1ev-or)
oV N N N N

Stability analysis of disease free-equilbrium point is done by substituting the disease free-equilibrium point to (7).
The eigenvalues can be obtained from the Jacobian matrix, as follows.

(im0 0 o)
](E0)=| _(p_%) —(u+p+e) p | (®)
- 0 —U /
From the equation 8, then can be obtained the eigenvalue of matrix J(E),
det(Al =J)=0
It obtained the following characteristic equation,
(A=b)(A+u)(A+b,)=0 )
in which,
b :[mﬂa-qm@mm)_(ﬂwm)}
(u+p+e)
b,=(u+p+e)

and the eigenvalues are obtained,
A :(ﬁ(ﬂ(l—CI+U‘1)+UP+€)_(
(u+p+e)
j*2 =—H,
Ay =—(u+p+e).
Itis clear A,,4, <0 because every parameter value is positive. Then the conditions for A, will be determined so
that the system (4)-(6) is stable. Suppose A, <0 if,

ﬂ+7+05)}
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@(ﬂ(“(l‘““q)”?’”)_(ﬂ+7+a)j<o
(L+p+e)
Q(ﬂ(ﬂ(l—q+0’61)+0p+8)J<1
(u+p+e)u+y+a)
<R, <1

Based on description above, the disease free-equilbirum point E, = (0 A(pg+p) A4 J is locally asymptotically
u(u+p+e) p
stable if R <1.

The similar steps are also applied to determine the stability of the endemic equilibrium point. The initial step is
determining the characteristic equation of the second equilibrium point by determining the formula,

Gr—u+y+a) Gy~ G+
opV* opI” ofI'V*
E) = - _
J(ED) (p+ N*) (“+p+£+ N*) (p (N*)Z)
s 0 —u
det(Al -J)=0.
It is obtained the following characteristic equation,
A +e+e,A +¢, =0, (10)
where
ofl” B’
C=2U+ptret—+"—,
| TeHT D N N
bl offl” o’ pv’ oV a(u+y+a)
c, = +pt+e)+i— —+uUt+tprtetop+r———+al|-| p+——i—+ ,
2 =Mt pra) T | Ho b pr et opt— Pr=y 5
ﬂ(ﬂ+p+€)+ﬂaﬂ{ +o(up+ap)+o ﬂ’T +GﬂaV21 +ta ﬂ+p+€+0ﬁ{ -
Bl N N (V) N
c, =
3 *

oV +UﬂaVI J+a(y+y+a)(#+p+g+0],€l* J]

_[(ﬂp+w)+(# N (N*)z i

Because every ¢,,c,,c, contain parameters that are difficult to simplify so it is difficult to determine the root of

characteristic equation analytically. Then a phase plane simulation is performed to analyze the stability of endemic
equilibrium point E;.

This simulation is carried out on equations (4.4)-(4.6) by giving three different initial values for
(I (0),7(0),N (0)) and parameter values, which are presented in Table 3 and Table 4 respectively. It aims to

determine the convergence of the solution of each initial value and given parameters.

TABLE 3. Initial Values of Endemic Equilibrium Phase Plane

Initial Value 1(0) v(0) N(0)
1 100 80 2800
2 70 50 2600
3 40 30 2400
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TABLE 4. Parameter values of Endemic Equilibrium Point E; Phase Plane

Parameter Parameter Values Source
A 10 [13]
q 0.1 [13]
p 0.8 [13]
4 0.01 Assumed
7 0.2 [13]
a 0.02 Assumed
p 0.1 [13]
& 0.2 [13]
o 0.4 Assumed

The following is an endemic equilibrium point E; phase plane.

FIGURE 2. Phase Plane Graphic of Infected Individual Population (/) and Vaccinated Individual Population (})

Based on Fig. 2 shows that the greater ¢, values of / and /' tend to go to the same point respectively 33 and 3.
This means that the dynamics of each population of SIVS epidemic model with vaccine ineffectiveness overall will
towards to endemic equilbrium point £, = (1,V,N) = (33,3,49) . Then, it is also obtained that R =2.97 > 1.

Then it can be concluded if the endemic equilibrium point tend to asymptotically stable if R >1. This means
the population of infected individuals can transmit disease to susceptible (vaccinated) individuals so that there will
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be a spread of infectious disease in the population.

Parameter sensitivity analysis aims to determine which parameters have the most affect to R . According to [19],

SENSITIVITY ANALYSIS OF PARAMETER

sensitivity index of parameters can be formulated as follows,
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where,
m =parameters to be analyzed
e, = sensitivity index of parameter m.

The basic reproduction number that used on this research is below,
R, - (ﬂ(u(l —q+og)top+ e)}
(u+rp+efu+y+a)
From R, there are 8 parameters to which the sensitivity index will determined, including, g, 4,9, p,o,&,y,a.As

example, the following is the calculation of the sensitivity index for § parameter.
. :[%]ﬁ: (u(-g+og)+ap+e) flutpre)u+y+a)
7 \oB )R, (u+p+eNu+y+a) Plul-q+og)+op+e)
Then, Table 5 is the result of sensitivity index of parameters on the model. Furthermore, the affect of parameters
value changes to R, changes is presented in Table 6.

TABLE 5. Sensitivity Index of Parameters

Parameter Nilai Indeks Sensitivitas

q 0.1 -0.028

p 0.8 1

Ve 0.1 -0.25

H 0.2 -0.46

a 0.1 -0.25

p 0.1 -0.10

& 0.2 0.06

o 0.4 0.11

TABLE 6. The Affect of Parameters Value Changes to R, Changes

Parameter R,
) Nilai p-10%  p-15%  p+10%  p+15%
q 0.1 1716 1.719 1.707 1.671
B 0.8 1540 1.455 1.883 1.968
y 0.1 1755 1.778 1.670 1.411
% 0.2 1794  1.839 1.636 1.601
a 0.1 1712 1733 1.670 1.411
p 0.1 1.688  1.697 1.694 1.579
£ 0.2 1526 1.518 1.554 1560
- 0.4 1692 1.683 1.731 1740

Based on Table 6, a positive sensitivity index indicates that if the value of a parameter increases, the R value

will increase. Conversely, if the sensitivity index is negative, it indicates that if the value of a parameter increases, it
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will cause R, to decrease. For example, when () increases by 10%, that is 0.88, the R, value will increase by 10%
from the initial R ~value to 1.883 and vice versa. The analysis also applies to the parameters
¢ and o . However, when p increases by 10%, namely 0.11, the Ry value will decrease by 0.01% from the initial
R, value to become 1,694 and vice versa. The analysis will also apply to the parameters g, u,y, . Based on this

description, it can be concluded that the parameters that have a significant influence on the model are

B.u,0.p.7,a.
Next, we will simulate the sensitivity of the parameters () and o to R/, which are the rate of disease

transmission and vaccine ineffectiveness, respectively. In this simulation, three different o values were selected,
namely, o =0.004, 0 =0.04, and =04, while 4 isinthe 0.1< g <1 interval. The following Fig. 3 shows the

simulation results of the graph of sensitivity g to R, .

Sensitivity Analysis of §to R,

8
=0.004
) 0=0.04
o=0.4

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
¥

FIGURE 3. Sensitivity Analysis of 5 to R,

In the calculation of the sensitivity index for the parameters g and o, it can be seen that each of them is
positive, so from Fig. 3 it shows that when =0 causes the value of R < 1, while when g =1 causes the value of
R, >1. Then it can also be noted in the initial conditions, when the value of & =0.004 causes the value of
R, =0.60, while when o = 0.4 causes the value of R, =0.72..

Based on the explanation above, it can be concluded that the greater the rate of disease transmission () and the
ineffectiveness of the vaccine (o), the greater the R, value, which means that the disease has the potential to

become endemic.

NUMERICAL SIMULATION
Model (1)-(3) simulations are carried out in two conditions namely disease free and endemic conditions, with
initial values for each condition are same, (S(0),/ (O),V(O))= (500,300,50) . The model solved by Runge Kutta

method.
Disease free conditions occur when there is no spread of infectious diseases, so the population of infected
individuals is zero [ = 0. With ¢ =0to ¢ = 50 year and the values parameter are presented in Table 7.
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TABLE 7. Parameter Value for Simulation of Disease Free Conditions

Parameter Parameter Values Source

A 10 [13]

q 0.1 [13]

B 0.3 (6]

Ve 0.3 Assumed
H 0.01 Assumed
a 0.1 [13]

p 0.05 Assumed
& 0.2 [13]

o 0.01 (6]

Based on the parameter values given, R =0.58<1. The following are simulation results for disease free

conditions,

Simulation of Non-endemic Condition

—_—

500

The Population

0 = = - !
0 5 10 15 20 25 30 35 40 45 50
Time (t)

FIGURE 4. The Dynamics of Spread Infectious Disease when R <1.

Based on Fig. 4 it shows that susceptible individual population (S) is increased. Vaccinated individuals
population (V) keep increasing. Meanwhile, infected individuals population (/) is decreased then at 7 =25 tends

to be constant towards zero.
Endemic conditions occur when there is a spread of infectious diseases, so there is a population of infected
individuals (7 # 0), susceptible individuals (S # 0), and vaccinared individuals (V' # 0) with # =0 to ¢ =50 year.

The parameter values are presented in Table 8.
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TABLE 8. Parameter Value for Simulation of Endemic Conditions

Parameter Parameter Value Source
A 10 [13]
q 0.1 [13]
p 0.8 [13]
e 0.1 [13]
H 0.01 Assumed
a 0.001 Assumed
p 0.1 [13]
& 0.2 [13]
o 0.4 Assumed

Based on the parameter values given, R =5.7>1.. The following are simulation results for disease free

conditions,

Simulation of Endemic Condition

The Population

0 5 10 15 20 25 30 35 40 45 50
Time (t)

FIGURE 5. The Dynamics of Spread Infectious Diseasi when R, >1.

Based on Fig. 5, it shows that at # =0, susceptible individuals population () is decreased and tends to be
constant at =0 onwards. Vaccinated individuals population (J) is increased then decreased and become constant
at ¢t =10 onwards. Meanwhile, infected individuals population (/) is increased and tends to be constant atz = 40

onwards.
Next, observing vaccine ineffectiveness can be done by simulation of endemic condition of V and I with
different value of o . The following is simulation of }/ and time with intial value (V/(0) =50),
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110 Vaccine Ineffectiveness

a=0.01

100

Total Population of V
2

10

0 5 10 15 20 25 30 35 40 45 50
Time (t)

FIGURE 6. Simulation of V to time wheno =0.1, 0 =04, 0 =0.9.
Based on Fig. 6 it shows that number of vaccinated individuals has increased then tends to decreases, when
o =0.9 vaccinated individual population decreases with the lowest population number compared to when o =0.4

or 0=0.1.
The following is simulation of I and time with intial value (/(0)=2300),

Vaccine Ineffectiveness

800
a=0.01
750 o=04 [ |
a=0.9
700
650 |

Total Population of |
th
(4]
o

0 5 10 15 20 25 30 35 40 45 50
Time (t)

FIGURE 7. Simulation of I to time when o=0.1, 6 =04, 0=0.9.

Based on Fig. 7 it shows when o = 0.9 population of infected individual decreases then tends to be constant with
the highest number of population, than compared to when o =0.40rc =0.1.
From explanation above, it conclude that vaccine ineffectiveness (o) affects the high spread of disease, as

vaccine more ineffective then number of infected individuals population (/) become higher.

CONCLUSION

Based on model analysis result, the model obtained two equilibrium points namely, the disease free-equilibrium
point (E,)and endemic equilibrium point (£,). In addition, the basic reproduction number (R,) also obtained,
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which determines the existence and stability of equilibrium point. disease free-equilibrium point (E,) local
asymptotically stable if R <1, then through phase plane simulation it conclude that endemic equilibrium point
(E,) local asymptotically stable if R, > 1.

Based on the sensitivity analysis of parameter, it can be concluded that the parameters that have a significant
influence on the model are S, i1, 0,p,y,c. Also, it can be concluded that the greater the rate of g, o, the greater
the R, value. Conversly, the greater the rate of u,p, v, a, then the lower the R, value. So, the less the rate of disease
transmission () and the more effective a vaccine then the lower the spread of infectious diseases (R, <1). This
applies to the more vaccinated individuals (p) and the more recovery individuals (y), the lower the spread of

infectious diseases. The opposite applies. This means that the parameters that cause the high spread of infectious
diseases must be suppressed, thus the parameters that cause the decrease in the spread of infectious diseases must be
increased. Furthermore, based on numerical simulation result, it shows that vaccine ineffectiveness affects the high
spread of disease.

On this research, we only discuss about the stability of SIVS epidemic model with vaccine ineffectiveness. Then,
there is chance for the next researchers to add optimal control on SIVS epidemic model with vaccine
ineffectiveness.

ACKNOWLEDGMENTS

C.A. was financially supported by Research Grants from Faculty of Science and Technology, Universitas Airlangga,
Indonesia.

REFERENCES

1. C. B. Smith, M. P. Battin, J. A. Jacobson et al., 2004, “Are there characteristics of infectious diseases that raise
special ethical issues?”, Dev World Bioeth. 4, 1, pp. 1-16, (2004).

2. C. Machalaba, K. M. Smith, L. Awada, K. Berry, F. Berthe, T. A. Bouley, “One health, economics to confront
disease threats”, Trans. R. Soc. Trop. Med. Hyg. 111, 6, pp. 235-237, (2017).

3. K. M. Smith, C. C. Machalaba, R. Seifrman, Y. Feferholtz, W. B. Karesh, “Infectious Disease and Economics:
The Case for Considering Multi-Sectoral Impacts”, One Health, 7, pp. 1-6, (2019).

4. B. Greenwood, “The contribution of vaccination to global health: past, present and future”, Philosophical
transactions of the Royal Society of London. Series B, Biological sciences, 369, 1645, pp. 20130433, (2014).

5. N.K. Arora, A. A. Lal, J. M. Hombach, J. I. Santos, Z. A. Bhutta, S. O. Sow, B. Greenwood B, “The need for
targeted implementation research to improve coverage of basic vaccines and introduction of new
vaccines”, Vaccine 318, pp. B129-B136, (2013).

6. W. Yang, C. Sun, J. Arino, “Global Analysis for a General Epidemiological Model with Vaccination and
Varying Population”, Journal of Mathematical Analysis and Applications, 372, pp. 208-223, (2010).

7. R. M. Anderson, R. M. May, “Infectious Diseases of Humans”, Oxford University Press, London, (1991).

8. Z.Ma, Y. Zhou, J. Wu, “Modeling and Dynamics of Infectious Diseases”. High Education Press & World
Scientific, Beijing, (2009).

9.  S. Tafuri, D. Martinelli, R. Prato, C. Germinario, “Vaccine effectiveness evaluation during a varicella outbreak
among children of primary schools and day-care centers in a region which adopted UMV”, Human Vaccines &
Immunotherapeutics, 9, 1, pp. 184-188, (2013).

10. Nurhandayani, H. Wijaya, I. N. D. Lubis, A. P. Pasaribu, S. Pasaribu, C. P. Lubis, “Perbandingan efektifitas
pemberian imunisasi difteria satu kali, dua kali, dan tiga kali dengan penilaian titer antibodi pada anak”, The
Journal of Medical School, 46, 3, pp. 152-157, (2013).

11. R. Farnoosh, and M. Parsamanaseh, “Disease Extinction adn Persistence in a Discrete-time SIS Epidemic
Model with Vaccination and Varying Population Size”, Filomat, 31, 15, pp. 4735-4747, (2017).

12.  A. B. Gumel, and S. M. Moghadas, “A Qualitative Study of a Vaccination Model with Non-linear Incidence”,
Applied Mathematics and Computation, 143, pp. 409-419, (2003).

13. M. Parsamanesh, and M. Erfanian, “Global dynamics of an epidemic model with standard incidence rate and
vaccination strategy”’, Chaos, Solitons & Fractals, 117, pp. 192-199, (2018).

040008-13


https://doi.org/10.1111/j.1471-8731.2004.00064.x
https://doi.org/10.1093/trstmh/trx039
https://doi.org/10.1016/j.onehlt.2018.100080
https://doi.org/10.1098/rstb.2013.0433
https://doi.org/10.1098/rstb.2013.0433
https://doi.org/10.1016/j.vaccine.2013.01.058
https://doi.org/10.1016/j.jmaa.2010.07.017
https://doi.org/10.4161/hv.22373
https://doi.org/10.4161/hv.22373
https://doi.org/10.2298/FIL1715735F
https://doi.org/10.1016/S0096-3003(02)00372-7
https://doi.org/10.1016/j.chaos.2018.10.022

14.

15.
16.

17.

18.

19.

G. Q. Sun, J. H. Xie, S. H. Huang, Z. Jin, “Transmission Dynamics of Cholera: Mathematical Modelling and
Control Strategies”, Commun Nonlinear Sci Numeric Simulation, 45, pp. 235-244, (2017).

C. Muthuri, GEAR: Mathematical Models, RUFORUM, Uganda, (2009).

Y. Xiao, and S. Tang, “Dynamics of Infection with Nonlinear Incidence in a Simple Vaccination Model”,
Nonlinear Analysis: Real World Applications, 11, pp. 4154-4163, (2010).

J. Yang, M. Martcheva, L. Wang, “Global Treshold Dynamics of an SIVS Model with Waning Vaccine-
Induced Immunity and Nonlinear Incidence Rate”, Mathematical Biosciences, 268, pp. 1-8, (2015).

P. Driessche, and J. Watmough, “Reproduction Numbers and Sub-threshold Endemic Equilibria for
Compartemental Models of Disease Transmission”, Mathematical Biosciences, 180, pp. 29-48, (2002).

N. Chitnis, J. M. Hyman, and J. M. Cushing, “Determining Important Parameters in the Spread of Malaria
Through the Sensitivity Analysis of a Mathematical Model”, Bull Math Biol, 70, 5, pp. 1272-1296, (2008).

040008-14


https://doi.org/10.1016/j.cnsns.2016.10.007
https://doi.org/10.1016/j.nonrwa.2010.05.002
https://doi.org/10.1016/j.mbs.2015.07.003
https://doi.org/10.1016/S0025-5564(02)00108-6
https://doi.org/10.1007/s11538-008-9299-0

	2j_Cover_Stability analysis of SIVS epidemic model with vaccine ineffectiveness
	Scopus Stability analysis of SIVS epidemic model with vaccine ineffectiveness
	Scopus AIP Conference Proceedings
	Scimago AIP Conference Proceedings
	Preface of Icomcos 2020
	AIP Conference Proceedings_ Vol 2329 Table of Contents
	[2021] Stability analysis of SIVS epidemic model with vaccine ineffectiveness



