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ABSTRACT. Dengue fever is a disease caused by dengue virus transmitted through Aedes aegypti mosquitoes. This
study discusses the SI, I> RS epidemic model in the spread of dengue fever, assuming that people with this disease
can experience severe and mild symptoms. The analysis in this research aims to determine the stability of the equilib-
rium point, primary reproduction number, parameter sensitivity, and numerical simulation to determine the effect of
parameters on the dynamics of the spread of dengue fever. The results of this analysis show two equilibrium points,

namely the disease-free equilibrium point, which is locally asymptotically stable when Ry < 1 and the endemic point,
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which is locally asymptotically stable when Ry > 1. Numerical simulations show that the change in the parameter
of the average bite of individual mosquitoes in humans has a significant effect on the primary reproductive number
where when the moderate acidity of individual mosquitoes in humans is 0.05 and the contact rate of disease transmis-

sion from infected mosquitoes to susceptible humans is 0.025, it can suppress the spread of dengue fever. Therefore,
individuals must maintain cleanliness and take precautions against the spread of dengue fever.

This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution-NonComercial 4.0 International License. Editorial of |JBM: Department of Mathematics, Uni-
BY _NC versitas Negeri Gorontalo, JIn. Prof. Dr. Ing. B. J. Habibie, Bone Bolango 96554, Indonesia.

1. Introduction

Indonesia has a tropical climate with two seasons, namely,
the rainy and the dry season. This is good for the growth of fauna
and flora, so it is also a good place for developing diseases, es-
pecially diseases transmitted through vectors. One of the prob-
lems that arises at the change of seasons is dengue hemorrhagic
fever, caused by mosquito bites [1]. The bite of the Aedes ae-
gypti mosquito is the cause of dengue hemorrhagic fever (2, 3].
Dengue fever is a crucial problem, this is because the number of
sufferers and the area where it spreads is increasing along with
increasing mobility and population density [4].

Four serotypes from the Flaviviradae group cause dengue
fever, which is transmitted by people infected with the Aedes
aegypti mosquito through their bites. These four serotypes are
DEN-1, DEN-2, DEN-3, DEN-4 [5, 6]. Severe cases of dengue fever
in Indonesia are closely related to the most common virus, DEN-
3, followed by other viruses such as DEN-2, DEN-1, and DEN-4 |7].
Dengue fever can appear without symptoms of fever of unknown
cause, which is known as asymptomatic, namely in the form of
dengue fever (DD), dengue hemorrhagic fever (DHF), or plasma
leakage, which results in shock (SSD). Dengue fever sometimes
has no symptoms, ranging from mild to life-threatening central
nervous system disease and shock [8].

Based on the consequences resulting from the transmission
of dengue fever, it is necessary to anticipate, including carrying
out, mathematical studies in the form of mathematical modeling.
Mathematical modeling is the process of representing and inter-
preting real-world problems in mathematical expressions [9—11].
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One research to solve the problem of the spread of dengue fever
is to study mathematical modeling and several assumptions re-
garding its spread. Mathematical models were used to deter-
mine the dynamics of the spread of dengue fever in previous
research, namely mathematical research on the transmission of
dengue fever, which was carried out by [12]. This study stud-
ied the SIR model based on the transmission rate to humans in
the spread of dengue fever. [13] research assumes a decrease in
human immunity to disease in the space of dengue fever. This
research analyzes a model for the spread of dengue fever, a mod-
ification of the model developed by [13]. In Indonesia, dengue
fever can have mild symptoms. According to [14], in West Java
province, dengue fever itself has mild symptoms that sometimes
cannot be seen like dengue fever. Therefore, a model emerged
that involved adding subpopulations by considering the num-
ber of infected human populations with mild symptoms, namely
fever/common flu. This research aims to modify the model for the
spread of dengue fever by adding a compartment for the number
of human populations infected with mild symptoms.

The steps in conducting this research are to determine the
real-world problem to be studied, make assumptions used to con-
struct the model, construct a modified compartmental diagram
of the spread of dengue fever, construct a mathematical model
of the spread of dengue fever in the form of a nonlinear differen-
tial equation, determine the disease-free equilibrium point and
the disease-endemic equilibrium point, analyze the stability of
the equilibrium point, determine the basic reproduction num-
ber, and simulate a modified mathematical model of the spread
of dengue fever. Determine the disease-free equilibrium point
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Figure 1. Compartment Diagram of The Spread of Dengue Fever

and the disease-endemic equilibrium point, analyze the stability
of the equilibrium point, determine the basic reproduction num-
ber, and simulate a modified mathematical model of the spread
of dengue fever.

2. Model Formulation

In this section. The SI;15RS model is a modification of
the SIRS model by adding the following assumptions:
1. There is no migration in each population.
2. Infected humans can be infected individuals with severe
symptoms or mild symptoms.
3. The rate of infection in humans infected with severe and
mild symptoms is the same.
The rate of infection in humans infected with severe and mild
symptoms is the same. In this model, there are two total pop-
ulations, namely, the human population and the mosquito pop-
ulation. The human population is divided into four subpopula-
tions, namely the susceptible population (S},), the infected hu-
man population with severe symptoms (I, ), the infected human
population with mild symptoms (I3, ), and the population that
has recovered from dengue fever (Ry). The mosquito popula-
tion consists of two subpopulations: the susceptible population
(Sy) and the infected population (I,,). In the human population,
the number of susceptible human people increases due to births
at arate /\, and individuals who recover from dengue fever and
lose immunity at a rate 6}, the number of infected human people
with mild symptoms increases due to mosquito bites on humans
and contact transmission. Disease from infected mosquitoes to
susceptible humans at a rate (3}, *b), the number of infected hu-
man populations with severe symptoms increases with mosquito
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bites on humans and contact transmission of disease from in-
fected mosquitoes to susceptible humans at a rate (85, * b), the
number of human populations that recover from dengue fever
increases because there are humans who recover from dengue
fever with mild symptoms at a rate of v, and humans who re-
cover from dengue fever with severe symptoms at a rate of Jy,
and all subpopulations experience natural death at a rate of uy,.
The diagram of the model is given in Figure 1.

Based on the assumptions and compartment diagram from
Figure 1, the following system of nonlinear differential equations
is obtained:

dsSy, Brb

— = ApNp —2=—1,5, — unSn + 0, Ry,
ar niVh N, h — BrOn + Optin
dl; Bnb

dth = thIvSh — (un +vn +on)l1,,
dI b

n — ﬁi[’ush — (pn, + 0n) L2,

dt Ny, (1)
dRy,
= ol + Onla, — (pn + 0n) Ry,

dsS, Bub(I1, + Iz,)

= /\va - " Sv - vSm

dt N, #

d-[v ﬁvb(Ih + I2h)

PR l—Sv _ ’L)I’L)'

dt N, H

The system of eq. (1) can be simplified by defining the fol-

i i . — Sh g — i — ln — Se ;
lowing variables: s;, = Nooll, = Fohlz, = J5 S0 = joh by =
I, ,— N,

NPT N,
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Based on these new variables, eq. (1) becomes:

dc% = Ap — 2Bpbniy sy — pupsy + Oprn,

dcii;h = Brbniysy — (pn + Yu + on)iv, s

d;ih' = Bnbrivsy — (b + 0n)iz, )
%’l = ypith + Onizh — (1t + 0n)h,

djtv = Ao — Bubli1, + i2,)Ss — fuSv,

% = Bubi, + iz, )50 — fruio.

3. Results and Discussion
3.1. Equilibrium Point

The dynamic system of the spread of dengue fever is ex-
pressed in the system of eq. (2) has two equilibrium points. They
are the disease-free equilibrium point and the endemic equilib-
rium point. The disease-free equilibrium point is obtained when
I, = 0, I, = 0, and the others are not equal to zero, so the

obtained is 70 = (s9,0,0,0,0,50,0) = (Q—y,o,o,o,ﬁ—v, )
and the endemic equilibrium point is obtained when all sub-
populations are not equal to zero, so the obtained is 7" =

(Sh7 Zlha Z2hvrh7 Sus Z’U) with

L/ % AV SO Vi e i )
h 2ixnf, +pn’ " On + 1
Y bixnsy B, . Ao
T Yh + Up + op T T bi’{hﬂv + bi;hﬁv + o ’
5 = bijjns,*lﬁh’ P b(i3, + i;h)szﬁv.
" Yh + Y o

3.2.  Basic Reproduction Number

The basic reproduction number uses the next generation
matrix method. The basic reproduction number is the dominant
eigenvalue of the FV ! matrix where F is the transmission ma-
trix of new infection in the population and V' is the transition
matrix of individual movements between subpopulations (i1, ),
(i, ), and (I,,), so the basic reproduction number is obtained as
follows:

Brbniysy
F= Bhbnivsh )
/Bvb(ilh + Z'2;1)51)
(n +vn + 0on)in,
V= (fn =+ Yn)iz,

Moy

The dominant eigenvalue of the matrix FV~! ie the basic re-
production number, is:

Ro = Y1/ e, (3)
where
b
V1= tto(Yh + pn + o)’
by = nBRBy A ANo(Vh + ptn + 0n) (Vh + 0n + 2pn + on)

pn(On + pn)
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Based on the basic reproduction number according to Theorem 1
it can be stated that if Ry < 1 then the disease will disappear
from the population. If Ry > 1 according to Theorem 2, then
the condition will escalate to an epidemic. Then, in the next sec-
tion, the stability of two equilibrium points is analyzed, namely
the disease-free equilibrium point 7° and the disease-endemic
equilibrium point 7.

3.3.  Equilibrium Point Stability Analysis

In this section, the stability of the disease-free equilibrium
point is proven using the following theorem:

Theorem 1. The disease-free equilibrium point T° in the system
of eq. (2) is locally asymptotic if Ry < 1.

Proof. The stability properties of the disease-free equilibrium
point 7° can be known by linearizing the system of eq. (2) around
TY. The Jacobian matrix for the disease-free equilibrium point is
obtained TV is as follows:

—Ji1 0 0 J14 0  —Jis
0 —Jao 0 0 0 Jog
J o 0 0 —P33 0 0 J36
= 0 Ju2 Jaz —Jua 0 0
0 —Js2  —Js3 0 —Js5 0
0 J62 Jﬁg 0 0 _J66
with
Ji1 = pn Juz = 0p,
Jig = 91;) Jug = (;;h + pn
2 /\ 'U/\'U
Ji = M Jso = p
Hh b 1}\
Joo = h+pn+on Jog = 0V
Lo
J26 = 72bnﬁh/\h J55 = Hv
Kh b
J33 = On + i Jo2 = Bolo
bnBu A BBy
Jag = DM Jos =
Hh Ho
Ja2 =y Je6 = o

The eigenvalues of the Jacobian matrix .J o can be obtained
by solving [\ — Jzo| = 0 or (—=J11 + A\)(—Jua + A)(—=Js5 +
A)(=J36(=J22J63 + Je3A) + ((—J33 + A) (= J26J62 + J22J66 —

Based on the characteristic equation above, the eigen-
values A1,\2, and A3 are obtained as follows: \; = J;; =
—pn, Ao = Jyg = —0p,A3 = J55 = —p,. Because, pp, iy, 0 >
0 we get A1, A2, A3 < 0. The other three eigenvalues A4, A5, \g
are analyzed by solving the following characteristic equation us-
ing the Routh-Hurwitz criterion:

N4+ a X2 +a)+a3=0 4)

Volume 5 | Issue 1 | June 2024
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with
Y + On + 20n + po + o,

pnpio(Yn + pn + on)(pn + 0n)
(Yo + pn + on) (v + 0n + 2pn + on)
(On(pn + 1)) (Yn + pn + on) Onpiw(On)

(yn + 0n + 2un + on) (v + 0n + 2pn + on)
Yhtto (Yh + b+ b+ 0n)  poor(Yh + pn + pn + on)

az = pi4pnon+2

(ya + 6n + 2un + on) (yn + On + 2un + on)

Y (On + pn) (Yn + B + pin + on)
(Ya + 6n + 2un + on)
(On(pn + o)) (0n + pn) (Yn(On + pr))0n
(Yn + 0n + 2un + on) (Y + On + 2un + on)
2( o (Yn A+ i+ 1) (00 4 pn) ) (1— R3)
(vn + pn + on) (v + 0n + 2un + on) 0/

(o (vn + pn + 1) (On + pa)) (1 — RB).

+

as =

Based on the Routh-Hurwitz criterion, an equilibrium point 7 is
stable if it satisfies a; > 0,a3 > 0,and a1as—as > 0. Because all
parameters are positive a; > 0. Because Ry < 1thenas > 0and
aijas — ag > 0. Thus, all the Jacobian matrix J(TO) eigenvalues
are negative. So, the system of eq. (2) is locally asymptotically
stable around point 7°. O

Next, the stability of the disease endemic equilibrium point
is proven using the following theorem:

Theorem 2. The endemic equilibrium point T* in the system of
eq. (2) is locally asymptotic if Ry > 1.

Proof. The Castillo-Chaves and Song Theorem will be used to
prove the endemic equilibrium points stability analysis. Suppose
= [y are the bifurcation parameters and s, = z1,i1h =

To,ish = x3,rp = 4,8, = x5, and i, = xg. So eq. (2) is
taken as
fi(x1, 22,23, 24,5, T6) = A — 2Bpbnaer — ppxy + Oy
Ty, T2, T3, T, Ts, Te) = Brbnrers — (n + Yh + on) T2
f3(x1, 22,23, T4, T5,T6) = Prbnxery — (un + Yn)w2

Yho + Opw3 — (pn + Op)xs
/\'u - 61,()(372 + $3).735 — M5
= Bub(z2 + x3)T5 — poT6

[5(w1, 2,23, T4, 75, Te

f6 T1,22,T3,T4,T5,T6

~— O — ~— ~— ~—
Il

fa(
(
Ja(x1, w2, 23, 24, 25, T6
(
(

(5)

If Rg = 1 and ¢ = ), the disease-free equilibrium point 7° has
five negative eigenvalues, and one zero eigenvalue is ay = 0. The
zero eigenvalue has a right eigenvector (vq, vo, v3, v4, V5, vg) and
left eigenvector (w1, we, w3, wy, ws, wg) as follows:

Suppose v3 > 0 and wz > 0 then

J14J42J26J33 + J14J36J22<]43 — J16J22J33J44v

U = 9

! J11J36 2244 °

1
v = _713”5}1 A (Ynpn (205 4 O + 24n)
+2pn(On + pn) + 0n(On + 2pn)) (tn + on),
vy = JagJ33 vs,
J36J22
v = JaoJoe 33 + J3gJ22J43 v
J36J22J44 ’
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Js2J26J33 + J36J2253

(Y = - U3,
° ( J36J22.J55 ?
vg = J33u
6 - - U3,
J36
w1 0,
Wy = 07
Ws O7
Jego J-
wy = Jaaf 6; 53 3),
63
we = S,
J63

Based on the above solution, we obtain v; < 0,vs > 0,v3 >
0,v4 > 0,v5 < 0,and vg > 0 and w; = ws = wy = O,wy >
0, w3 > 0,wg > 0. Then, we obtain partial derivatives to satisfy
a and b using the Castillo-Chavez and Song Theorem as follows:

6
Z a fk 7%¢). (6)

Z wkvlvja 6

k,i,j=1

Based on the system of eq. (5), the following is obtained:

832}26 (T%¢) = ai:g; (T°, %) = —2bnyp
Sl (10, = 52t (1, ) =
62)326( 9) = afzéix ") = g
332525( ") = 3?312 (T°, ) = —Bub
ajj,g; (1% ) = aﬁ:g; (T°, ) = —Bub
afj§§5 (T%¢) = af:j;; (T°, ) = Bub

2 2
ajp,g;( p) = aig‘; (T° ¢) = Bub

2
(1) = 2

Based on the system of eq. (6), the values for a and b are obtained
as follows:

a = 2vivebne* (wa + ws) 4+ 2wevsByb(ve + v3),

bnAy, (7)
b = W Vg .

Hh

Based on the Castillo-Chavez and Song Theorem, ¢ < 0 and
b > 0 are obtained so that case 4 is satisfied. As a result, when ¢
changes from ¢ < ¢(Ry < 1) to ¢ > (R > 1) then the sta-
bility of the point remains endemic to 7 changing from negative
to positive is locally asymptotically stable. So, it is proven that if
Ro > 1, then the stability of the endemic equilibrium point 7
is locally asymptotically stable. O

3.4. Numerical Simulation

Numerical simulations on the modified model were car-
ried out using parameters obtained in several previous stud-
ies regarding the spread of dengue fever. The simulation is

Volume 5 | Issue 1 | June 2024
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Figure 2. Population dynamics under conditions Ry > 1

carried out by determining the initial values for each popula-
tion, namely s,(0) = 0.99958,i1, (0) = 0.00004339,iz, (0) =
0.00038243,and 7, (0) = 0.00045474. by using the parameter
values in Table 1.

Table 1. Parameter Values Used in the Model

Parameter Value Source

An 0.000045 12]
Uh 0.000045 [12]
op 0.00001125 Assumed
Yh 0.328833 [12]

on 0.375000 Assumed
On 0.175000 Assumed
Av 0.07142 [15]
Ho 0.07142 [15]

b 0.5 [16]
Bv 0.375000 [12]
Bh 0.750000 117]

n 5 Assumed

Based on Table 1, the numerical simulation curve given in
Figure 2. Figure 2 shows the dynamics of human subpopulations
where each population will move towards the endemic equilib-
rium point 7 or its condition is stable around the equilibrium
point 7. At first, the population of 4, , i3, rose sharply, then
fell and stabilized towards their respective equilibrium points.
The population 7, increases sharply, then lowers and stabilizes
towards an equilibrium point. The population s, will decrease
sharply and then stabilize towards an equilibrium point. The
basic reproduction number using the dengue fever number is
Ry = 7.49769 > 1, which means that dengue fever is endemic.

In the next section, this sensitivity analysis uses local meth-
ods because of limited parameter space, data limitations because
using global methods requires complete and accurate data on all

| Jambura J. Biomath

input variables, which may be difficult to obtain or require addi-
tional estimates, calculation is more computationally efficient be-
cause it requires only derivative calculations. partial work around
a particular working point, rather than calculations for all combi-
nations of input variables.

3.5. Dynamics of Human Population with Changes in Average
Parameters of Individual Mosquito Bites on Humans (b)

The sensitivity index for the average parameter of individ-
ual mosquito bites on humans (b) is positive, meaning that there
is a decrease in the value of the basic reproduction number R
if this parameter is reduced, and vice versa. Changes in the R
value can be seen in Table 2 as follows:

Table 2. The effect of changing the value of parameter b on
the R value

Parameter Value b Ro Value
0.5 5.30167
0.2 2.12067
0.01 1.06033
0.08 0.848267
0.05 0.530167

The solution field that describes the dynamics of each pop-
ulation due to changes in the b value can be seen in Figure 3. Fig-
ure 3 shows that if the b value is increased, the proportion of the
human population will also increase. Theorem 1 and Theorem 2
explain how a system is said to experience an outbreak. In Figure
5(a), susceptible individuals still exist and are experiencing an
episode or have not yet achieved disease freedom when b = 0.5
(red line), b = 0.2 (blue line), and b = 0.1 (green line) on day 150
will stabilize towards its equilibrium point. When b is lowered
again to 0.08, the disease decreases, and on the 50th day, it will

Volume 5 | Issue 1 | June 2024
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Figure 3. Dynamics of human population with changes in b values

stabilize to its equilibrium point and can be disease-free. When
b was lowered again to 0.005, the condition reached a disease-
free state more quickly on the 10th day. In Figure 3(b) — 3(c),
where infected individuals still exist, it can be seen that both the
infected population with severe symptoms and the infected pop-
ulation with mild symptoms experienced an outbreak or had not
yet achieved disease freedom when b = 0.5 (red line ) on the
10th day it will stabilize towards its fixed point when b = 0.2
(blue line) on the 15th day it will stabilize towards its equilibrium
point when b = 0.1 (green line) on the 30th day it will stabi-
lize towards its equilibrium point and is still in a state of disease
experiencing an outbreak. When b was reduced to 0.08 (purple
line) on the 140th day, it had succeeded in reaching a disease-
free state. When b was further reduced to 0.05 (black line), the
condition came a disease-free state more quickly on the 60th day.
Figure 3(d), where the recovered individual shows that when b is
0.5 (red line), it will stabilize towards its equilibrium point on day
ten but is still experiencing an outbreak or has not yet reached
a disease-free state when b = 0.2 (blue line) the graph will rise
and stabilize on the 10th day and will stabilize at its equilibrium
point. When b is reduced to 0.1 (green line) on day 150, it will
stabilize towards its equilibrium point and begin approaching a
disease-free state. When b is reduced again to a value of 0.08
(purple line), on the 100th day, it has reached a disease-free state
and is stable towards its equilibrium point. When b = 0.05 (black
line), the disease state becomes disease-free more quickly on day
50 and stabilizes towards an equilibrium point. Figure 3 shows
that the smaller the (3, value given, the graph will start to de-
cline, and dengue fever will reach a disease-free state. In this
case, dengue fever will be disease-free when b is 0.08 and 0.05,
with R being 0.848267 and 0.530167.

| Jambura J. Biomath

3.6.  Dynamics of Human Population with Changes in Disease
Contact Rate Parameters from Infected Mosquitoes to Susceptible
Humans ()

The sensitivity index for the average parameter of individ-
ual mosquito bites on humans (3;,) is positive, meaning that
there is a decrease in the value of the basic reproduction number
Ry if this parameter is reduced, and vice versa. Changes in the
Ro value can be seen in Table 3.

Table 3. The effect of changing the value of parameter b on
the Ry value

Parameter Value 3, Ro Value
0.75 5.30167
0.45 4.10665
0.15 2.37098
0.045 1.29864
0.025 0.967948

Based on Table 3, the solution field that describes the dy-
namics of each population due to changes in 8, values can be
seen in Figure 4. Figure 4 shows that if the 5, value is increased,
the proportion of the human population will increase. Theorem 1
and Theorem 2 explain how a system is said to experience an out-
break. In Figure 4(a), susceptible individuals still exist and ex-
perience an episode or have not yet reached disease-free when
Br, = 0.75 (red line), 8;, = 0.45 (blue line), on day 100, it will
stabilize towards the equilibrium point. When beta;, = 0.15, the
graph will decline and stabilize towards its equilibrium point on
the 30th day. When 3}, is reduced again to 0.045 on day 20, it will
stabilize towards its equilibrium point but become an outbreak
and approach a disease-free state. When 3, seven was further re-
duced to 0.025, the condition reached a disease-free state more
quickly on the 10th day. In Figure 4(b) — 4(c), where infected
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Figure 4. Dynamics of human population with changes in 3, values

individuals still exist, it can be seen that both the infected pop-
ulation with severe symptoms and the infected population with
mild symptoms experienced an outbreak or had not yet achieved
disease freedom when 3, = 0.75 (red line ) on the 20th day it
will stabilize towards its equilibrium point when 3, = 0.45 (blue
line) on the 30th day it will stabilize towards its equilibrium point
when (§;, = 0.15 (green line) there is an increase on the graph
and The 30th will stabilize towards its equilibrium point and will
still be in a state of disease experiencing an outbreak. When 3},
is reduced to 0.045 (purple line) on day 100, it will stabilize to-
wards its equilibrium point and approach the disease-free state.
When 3}, is further reduced to 0.025 (black line), the condition
has reached a disease-free state on day 150. Figure 5(d), where
the recovered individual shows that when 3, is 0.75 (red line)
and 0.45 (blue line), the graph increases and then stabilizes to its
equilibrium point on day ten but is still experiencing an outbreak
or has not yet reached the disease-free, when g, is reduced to
0.15 (green line) on day 30 it will stabilize towards its equilibrium
point. When (3}, is reduced again to a value of 0.045 (purple line),
on the 100th day, the situation is closer to being disease-free
and will stabilize towards equilibrium. When g5, = 0.025 (black
line), the disease state becomes disease-free on the 50th day and
stabilizes towards its equilibrium point. Figure 4 shows that the
smaller the 3, value given, the graph will start to decline, and
dengue fever will reach a disease-free state. In this case, dengue
fever will reach a disease-free state with Ry of 0.967948 when
Br = 0.025.

4. Conclusion

This study uses the SI; I; RS model, which has been mod-
ified to show the dynamics of the spread of dengue fever by con-
sidering two infected individuals, namely those with mild and
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severe symptoms.

This model modification produces two equilibrium points:
the disease-free equilibrium point, which is locally asymptotically
stable when Ry < 1, and the endemic point, which is locally
asymptotically stable when Ry > 1. The simulations results can
predict the number of cases of dengue fever, and the basic re-
production number is Ry = 7.49769 > 1, where the spread of
dengue fever will continue to increase and become endemic.

The numerical simulation results of changes in the parame-
ters of the average individual mosquito bites on humans and the
contact rate of disease transmission from infected mosquitoes to
susceptible humans significantly influence R, where when the
average individual mosquito bites on humans () is 0.05. The
contact rate of disease transmission from infected mosquitoes
to susceptible humans () with a value of 0.025 is enough to
suppress the spread of dengue fever outbreaks. Therefore, indi-
viduals must maintain cleanliness and take precautions against
the spread of dengue fever.
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