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Abstract

Dengue fever transmission in Indonesia has an advanced amount. In this article, dynamic
model of interaction between human and Aedes aegypti mosquitos is learned. The
SEIRRD (Susceptible, Exposed, Infected, Recovered, Deceased) model is used in this
article. The purpose in this model is to describe the stability of dengue transmission, so
that we can analyze the developed of epidemic model in mathematic field. Using NGM
method to analyze basic reproduction number and applying Routh-Hurwitz criteria
method to show the local stability of model. Then, two equilibrium points, called
endemic and non-endemic equilibrium points, are obtained. The result of basic
reproduction number is described the stability analysis. If basic reproduction number
less than one, the endemic equilibrium point is locally asymptotically stable and
otherwise. Local stability analysis at the equilibrium point is determined through
parameter analysis. Furthermore, numerical simulations are carried out by fitting the
data to obtained the result of the parameters. The results of numerical simulations
explain the spread of dengue transmission.
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Introduction

Dengue Fever is a disease that can be life-threatening. This disease is caused by infection
by the dengue virus which is transmitted through the bite of the Aedes aegypti
mosquitos [1]. Infected sufferers will have symptoms in the form of mild to high fever,
accompanied by headaches, painin the eyes, muscles and joints, and even spontaneous
bleeding [2]. There are four different types of dengue virus, which can cause dengue
fever. In Indonesia, dengue fever cases are still increasing, with almost 10% dying.
Tropical and subtropical climate countries are at high risk of transmission of the virus,
especially in the humid rainy season [3]. The world health organization estimates that
every year there are 50-100 million cases of dengue virus infection throughout the
world. Acute dengue fever is accompanied by bleeding manifestations which tend to
result in shocks which can cause death [4], this disease occurs acutely and attacks both
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adults and children under 15 years of age [5]. So, this dengue case should immediately
receive appropriate treatment so that the transmission of the dengue virus does not
spread further. Therefore, this dengue case cannot be ignored, so we must know the
pattern of spread of the dengue virus.

In mathematical modelling, various earlier research has axamined the dengue
transmission model, some of which include the SIR-SI model was proposed by [6], then
the SIR model is developed by [7], which include exposed variable for human become
SEIR-SI model. Then by [8] adding exposed variable for mosquito become SEIR-SEI
model.

In this study, the authors expand upon the SEIR-SEI model introduced by [8] by
incorporating a variable for deceased individuals in the spread of dengue illness.
Additionally, we conduct a stability analysis of the model to identify two equilibrium
points: the endemic equilibrium (EE) and the disease-free equilibrium (DFE) point. We
utilize the basic reproduction number (fR,) to assess the stability of the model and
employ the Routh-Hurwitz criteria method to determine the local stability of the system.
The value of R, obtained from our analysis is used to evaluate the stability of the model.
Through numerical simulations, we illustrate the dynamics of dengue illness
propagation, utilizing data from the sources cited in [8].

Methods

The method from this research begins with formulating a model, then we get the
equilibrium point. From this, we analyze the existence and stability of equilibrium point,
before that we calculate the basic reproduction number. We use Next Generation
Matrix (NGM) and Routh Hurwitz Criteria method to do these steps. This is the steps
from this research methodology.

Model Formulation

Based on the dengue virus transmission, we developed the SEIR (susceptible-exposed-
infected-recovered) model by adding the deceased variable for human and we
develodep the SI (susceptible-infected) by adding the exposed variable for mosquuitos.
We divided the total human population into five subpopulations: susceptible human
(Sn), exposed human (Ey), infected human (I), recovered human (Ry), deceased
human (Dy) and then the total mosquito’s population is divided into three
subpopulations: susceptible mosquito (S,,), exposed mosquito (E,,), and infected
mosquito (I,,).

For mathematical transformation of real situations, we make the following assumption:

—_
.

Both humans and mosquitos are closed

Only infected mosquito and infected human can spread the disease [9]

The rate of mosquito’s bite is b

The exposed humans and mosquitos become infected subpopulation with rate p

Vs oW

All of infected mosquitos become death
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Figure 1. Diagram of SEIRD-SEI Dengue Model

Table 1. Descriptions of Parameters

Notation Interpretations Notation Interpretations

Hh The natural death rate of human Ui The natural death rate of mosquito

Br The mosquitos-human transmission Bm The human-mosquitos transmission
probability probability

Phr The human incubation rate Pm The mosquito incubation rate

Yh Rate of human infected become 1—-vy, Rate of human infected become
deceased recovered

b The bitting rate of the mosquito

The developed mathematical model as follows the model from [8]. The model from [8]
give the SEIR model for human and SEI model for mosquito. We developed the human
model by adding the deceased variable, so that the model become SEIRD-SEI model of
dengue transmission. So the mathematical model is given as follows:

( dSp — N — bBrShIm _ S
ar  Hn N Hnon
dEp _ bBpSnim
— =————F, — u,E
at N PnEp — UpLp

dlp

& = PrEn— (v +up)ly — A=,

dR

d—th = (1 —y)Ip — unRn

\ avn _ (1)
2t Inin

ASm _ _ bBmSmIn _

? =M N .umSm

dEm  bBmSml
d;n = mNm L — (om + tm)Em

With the initial condition S$,(0) > 0,E,(0)=0,1,(0) > 0,R,(0) = 0,D,(0) =
0,5,(0) = 0,E,,(0) = 0,,,(0) = 0 where the parameters are given in Table 1.

Equilibrium Point of the Dynamical Model
The equilibrium point is a condition where there are no changes in each population over
time. System (1) can be written:
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( dSp — . bBrSKhIm

a _ Hn N — tnSp =0
%=@—PhEh—ﬂhEh=0
% =pnEn =+ )l — A=y =0
< e S}— V)l — inRy = 0 "
— —Ynlh =0
o = PP — (o + i) E = 0
\ Z0 = piE + Hinl = 0

The system of equations (1) comprises two equilibrium points : the endemic equilibrium
(EE), designated by &€*(Sp, Ep, In, Ry Smy Emy L), and  disease-free/non-endemic
equilibrium (DFE), designated by €0(Shy Eng Ing Rng Smey Emg Img) =
(¥,0,0,0,2-,0,0).
u

m

There is a situation known as the endemic equilibrium point where the dispersion of
Dengue fever occurs so that Sy, Ey, I, Rp, S, Em, Iy, variables are not equal to zero.
Then with the aid of Maple, €*(S;, Ey, I, Ry, Sm, Em, I;y), are obtained with the
respective values as follows:

3 N? u,EC
" BmPrb(MbBLpy, + Npmitmty, + Nudyity)
_ (Npn(Mb? B prn B — tmA))
B .Bmphb(Mb.Bhme +A - B)
_ (N.uh (szﬁhpmﬁm - .umA))
~ Bmb(up + )(MbB,py,C + A —B)
. (NAQ =YY MD?Bypypnfim — A))
" Bmb(up + 1) (MbBppmC + A — B)
B — (.uh(szﬁhPmPhﬁm - A))

™ pmC(D + b2 BripppBm)
1o _ (nMD*Brpppnfm — A))

™ tmC (D + b? By tinppBm)
o = (tn + 1)(MbBrpmC + A—B)
" ﬁhpmbE

Sh

Ep

I

With,

A = Npim (Pmbth + PmbinPn + Umtis + UmlnPr + Pmbtn + PmPn + Hmbin + i Pr)
B = Npm(pmbn + PmPr + mbn + UmPr)

C = up+ pn

D = Bubp (uh + tnpn + un + pr)

E = Bpbity (bunpnPm + tmlthy + mtinPn + Mmby + tmPn)

Basic Reproduction Number
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In analyzing disease transmission, the basic reproduction number (Ry) is crucial. The
average number of new incidents brought on by those who can spread the illness is
known as R,. If Ry > 1, it signifies that one diseased person can spread the disease to
more than one secondary infection. In this case, the disease-free equilibrium is unstable
so that it can cause the epidemic outbreaks. But if the Ry < 1, the disease-free
equilibrium (DFE) will be locally asymptotically stable and the situation is under control.
The basic reproduction number can be found analytically using Next Generation Matrix
(NGM). The R, can be computed by considering the bellow generation matrix FV 1,

T, bﬁh:‘,hlm
. F.
where F(€") = T; bﬁm(;mlh
I e
il [ —(ptn + pr)En 1
and V = Vol _|pnEn — (rn + i)l — (1 - Vh)1h|
Vs —(Pm + Um)Enm
Vs - PmEm — Umlm J

Therefore, the spectral radius of FV 1 is

o tm BmPrNM Brby, (uf; + pnpn + pin + pn)
0 Ny, (pm.ulzz + PmUnPn t ﬂmﬂizl + UmlnPr + Pmbn + PmPr + Umln + UmPr)

Existence of Equilibrium Point
In this section we will establish the existence condition of the equilibrium states [10].
The equilibrium points of the model (1) are as follow:

€0(Shy Eng Ing Ry Smgr Emgr Img) = (N, 0,0,0,%, 0,0) do always exist

€ (Sp En, I, Ry, Smy Emy I, The existence condition for € if,

szﬁhpmphﬁm — UmA >0

2
UmPmprnNMD
szﬁhpmphﬁm - mm—z >0
Ro
2
UmBmprnNMD
szﬁhpmphﬁm > mm—z
Ro
2 i Brmpr NMD
szﬁhpmphﬁm
2ND
EROZ > .uzm—
b ﬁhpm
2ND
9{0 > .uzm—
b .Bhpm
Ro > 1
The endemic equilibrium point is exist if Ry > 1

Ro
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Stability of Equilibrium Point

Theorem 5.1 Let %, = PPN Pt (it inph it on) The endemic
0 N (PmbE+Pmh P i+ m b+ i h PR +PmiR+ PmPh+imih +iimPr) )

equilibrium state €*(Sy,, Ey,, I, Ry, Sy Em, Iyy) is stable if By > 1 and unstable if R, <
1

1. Proof
To prove the stability of endemic point is stable if Ry, > 1, we use the characteristic
polynomial. First step we do the liearization of system (2.1).

0fi 0fi 0fi 0fi Ofi O0fi Ofi)
S, O0E, 0dI, OR, 0S,, O0E, dl,
of, 3, 9f 0f 9, 9f Of
dS, O0E, dlI, OR, 0S,, O0E, 0l e
(Sn] 10fs Ofs Ofs Ofs Ofs O0fs Ofy o
fh s, OE, oI, OR, oS, OE, ol o
dih 0fs 0fs 0fs 0fs 0fs Ofs Ofy n
dt|g" | |dSy 0E, 0, OR, 08Sy, OE, 0l (S Ens I Ry Sms By m)'sﬁ
m
go| |9fs Ofs Ofs Ofs Ofs Ofs s o
_]m_ aSh aEh th aRh aSm aEm alm ]Ln
ofs 0fs Ofs 0fs Ofs 0fs 0fs Hfm
dS, O0E, dlI, OR, 0S,, O0E, 0l
of, 9f, 9f, of, 9f, 9f Ofy
|0S,, OE, dlI, OR, 0dS,, O0E, OJI,]
Then with maple application we obtain:
bk “Im—ﬂh 0 0 0 0 0 _ bBnSn)
N N | s
S, bByly, bByS on
E Wil o0 0 0 0 Pl E,
E Rh = 0 0 1_]/h —HUp 0 0 0 B Rh (2)
Sm 0 0 _ bﬂmSm 0 _ bﬁmlh _ 0 0 ?,;
fm N N HUm m
m bﬁmsm bﬁmlh i
0 0 N 0 T —Pm — HUm 0 m
0 0 0 0 0 Pm i

Then substitute the endemic point to (2) and we get Jacobian matrix at
E (S En In, Ry, Smy Em, Iy) as follows:

b, 0 0 0 0 0 by
by b, 0 0O O 0 b
0O by b 0 0 0 0

JeeY=l0 0 by By O 0 O
0 0 by 0 by 0 0
0 0 by 0 by by O
0 0 0 0 0 by by

With,
b — By (un(Mb? By pumpnfm — A))
1= = — Un

NpmC(D + b2 Bpunpnfm)
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b bfpN? umEC
2 NBmpnb(MbBrpm + Npmimptn + Nufup)
b = b B (1n (Mb? By prpn P — A))
; NymC(D + b2Bnpinpnfm)
by = —pn — pPn
be = thNZ .umEC
® " NBmprb(MbBupm + Npmpmitn, + Nudypir)
b = pp
b; = —up—1
bg =1—vyn
by = —pup
,_ DB 1mEC
10 NBmprb(MbBypm + Npmpimitn + Nubup)
hei = — bﬁm(N.uh(szﬁhpmﬁm - ,leA)) —u
U NBmb(up + )(MbBypmC+A—B) T
b = bfN? iy EC
¥ NBmpnb(MbBpm + Nppmfimftn + Npipiy)
by = b.Bm(N.uh(szﬁhpmﬁm - .umA))
NBmb(un + 1)(MbBrpmC + A — B)
bis = —pm — m
bis = pm
bie — tim

From the Jacobian matrix at €*(Sp, En, I, Ry, Smy Em, Im), we get the polynomial
characteristic as follows:

Pol(X7) = cox” + c1x% + c3x° + c3x* + 23 + csx? + cox + ¢ (3)
With,
CO = 1

€1 = —big — b1sa — byy — bg — b; — by — by

Cy = biby1 + by1byy + bybig + b1by + byb; + bibg + by1b14 + by1b1g + b11bs
+ by1B7 + by1bg + b14big + biaby + bysb; + biabg + bigby + bygb
+ bigbg + byb; + bybg + b, by

€3 = —b1b11b14 — (b1b11 + b1b1s + b11b14) (big + by + by + bg) — (b1b16 + b11bi6
+ b14b16)(by + b7 + bg) — (b1by + by1by + bysby + bygby) (b7 + bo)
— (by + by1+b14 + big + bs)b;bg

C4 = byib11b14b16 + (b1b11b14) (b1 + by + b7 + bg) + (b1b11b1g + b1b1sbyg
+ b11b14b16)(by + b7 + bg) + (b1by1bs + by + bybiyby + by1b14by
+ b11b16bs + b1b16by + b14bigbs) (b7 + bg) + (D1b1g + bibyy
+ by1b14 + b11b16 + b1abig + b11by + biyby + bigbs + biby)bybg
— b12b15bsbg
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Cs = _(b1b11b14b16(b4 + b7 + b9)(b1b11b14 + b1b11b4 + b1b14b16

+ b1b14b4+b1b16b4 + b11b14b4 + b11b16b4 + b16b14b4)b7b9
- (b1b11b14b4 + b1b11b16b4 + b1b14b16b4 + b11b14b16b4)(b7 + b9)
+ b1b12b15b5b6 - b10b13b15b5b6 + b11b12b15b5b6 - b2b12b15b3b6

+ bsby3by5bgbg
Ce = (b1byob15b13 + b1b11b15b1;)(bsbe)

+ byby1b14b16bs(b7 + bg)+(b1b11b1aby + b1b11b1gbs + b1b14bighy

+ b11b14b16b4)b7b9 - blb12b15b9b5b6b2b10b15b13b3b6

- b11b12b15b9b5b6 + b12b2b15b3b9b6

C7 = _b9(b1b10b15b13b5b6 - b1b11b15b12b5b6 + b1b11b14b16b4b7

- b10b15b13b3b6+b11b15b12b3b6

From (3), we use Routh Hurwitz method [11] to analyze the local stability of endemic

point. The Hurwitz Matrix of (3) as follows:

H= 4)

The first determinant of (4) is,
|Hq| = leql
= —b16 — bys — b1y —bg — b; — by — by
Because byg, by4, b11, by, b7, by, by < 0 so that |H, |is positive

The second determinant of Hurwitz Matrix is,

_ /€1 ©Co
|H2| - |(03 C2)|
— b — (—1 | Hh(szﬁhmehﬁm_#mA)
= k= (k= pm) ( C(MbBrpm+Npmpimin+Nuhpup)(up+1)

2 e
D=(—p—p)—|- un(Mb Bhpmphﬁ'rg HmA) _u
N#mc(bﬂhpmﬁm'i'ﬁ_hb)(llh+1)
1 (Mb? B pr B — tmA)
C(MbBrpm + Npmbmbn + Nubipin) (un + 1)
1 (Mb? B 0 Pr Brm — tmA)
D
NumC (b.uhpmﬁm + m) (up +1)

The Hurwitz Matrix is positive if,

szﬁhpmphﬁm —UmA >0

2
W B NMD
szﬁhpmphﬁm - mmT >0
0
Wi BrPANMD
R’

=2y, +

szﬁhpmphﬁm >

2 _ MaBmppNMD
Ro” > —=
Mb .Bhpmphﬁm
2 _ HRND

> [
0 bzﬁhpm
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umND
0”128 5
b ﬁhpm
Ro>1
The root of solutions at endemic point is negative if the determinant of Hurwitz Matrix
is positive. It is evident that endemic equilibrium point is locally asymptotically stable if
Ro > 1.

Theorem 5.2 Let R, = \/ HmBmPrNMBrbpm (uj+1npn+in+pn)
' 0 Nl (Pmbh+PmHnPr+ R i+ Rin ik Ph+ Pmbh+PmPh+ KinMh+HmPh) )

R

the disease free equilibrium will be locally asymptotically stable if R, < 1 and unstable
if Ry > 1.

2. Proof
To prove the stability of disease-free equilibrium point is stable if R, < 1, we use the
characteristic polynomial. First step we do the liearization of system (1).

0f, 9 0fi 0fi Ofi 0fi Ofi]
aS, O0E, 0dl, O0R, 0S,, O0E, O0dI,
of, 9, 0f 0f 9 0 Of
as, O0E, dI, OR, 0S5, O0E, OJI, SO
Sal |0fs Ofs Ofs Ofs Ofs Ofs Ofs -
fh as, OE, 0l, OR, oS, OE, oI, 2
|t 0fs 0fa O0fs O0fs Ofs Ofs Ofy .
—|Rr. | =1 2 1=
dt| " | |0, 0E, 9, OR, 0S, OE, 0l (Snor Enor o R Smor By ). §?1
m
go| |0fs 9f ofs ofs ofs 9fs Ofs o
_Im_ ash aEh a]h aRh aSm aEm a]m ]Ln
ofs Ofs 0fc O Ofc Ofs Ofy i
aS, OE, oI, 0R, 8S, OE, 0l
of, of, of, of, 0f, 9f 0fy
39S, OE, al, OR, 0S, OE, oI,
Then with maple application we obtain :
[ PPl _ tn 0 0 0 0 0 _ bBuSh
N N | e
S bBplm bBrSH | [2n
E % ~n—pn O 0 0 0 % E,
dal 0 Pn —up—-1 0 0 0 0 I
“Sm . . DBuSn o DBuln . o | 5
fm N TN e E,
" 0 0 bﬁxs'" 0 bﬁNLI" —Pm — lhm 0 LT ]
| 0 0 0 0 Pm —Um
Then substitute the non-endemic point to (5) and we get Jacobian matrix at
€0(Shy Engr Ing Ry Smgr Emgr Img) = (N, o,o,o,ﬂﬂ, 0,0) as follows :
m
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0 —Hn ~ Pn 0 0 0 0 bB
0 Pn —up—1 0 0 0 0
0 0 1—yn —Up 0 0 0
J(&) = _bBmM _ (6)
0 0 = . 0 0
0 bﬁmM b,Bth _ _ 0
1N N m — Hm
0 0 0 0 0 Om —

From the Jacobian matrix (6) we get the characteristic polynomial as follows

1
PX®) = — 1 G + 20 (m + X) (M2 B pmpnBm = Nombimts = NOmbmbinPm = 2N Pnbtm i X
- Npm.urznpmx - Npmﬂ?nxz - Npmﬂm.uizzx — Npmbmbnpmx — ZNphl-lrzn.uhxz

—= NpmbinpmX® = NPt x® — Nty — Nushptnpp, — 2N upx — N, ppx — Npsx?

— 2Nuhpiix — 2N G ptnppx — ANM2ppx® — 2Npbppx? — 2N x> — Nt i x
— Nptmttnppx? = 2N ity x> — Nptppx® — Nty x* — Npp ity — Nyt pp

— NpmitinX = NpmptyipX — NPy pimX* — Ny, — Npspp — Nt x — 2N, pipx
— 2Nubppx — 2Npfx? — Npmppx® — Nitgnppx? — N x® (7)

The system (1) is locally asymptotically stable at disease free equilibrium point (€,) if

the root of solutions from characteristics polynomial (7) is negative. From (7), we get

two roots of solution that have negative values as follows:

X1 = —HUn
X2 = —HUm

Then to know another solutions, we use the characteristics of this polynomial :
P(X®) = apx* + a;x3 + ayx? + azx + a,

Ay = Pm + 2, +pp +1

Ay = Prltm + 20min + PmPr + Ui + Aty + 2 Pp + Wi+ P+ P+ 24,
+ Up + pn

a3 = 2Pmbimbn + PrbmPr + Pmith + +PmlnPn + 2Untin + tinPn + 2Umiti;
+ 2l Pr + Pmbtn + PmPr + Ui + 2y + 2fim P,

1
@y = = 5537 (MD*BrpmpnBm = Pmbh = PminPn = Hmbh = HmHnPr — Pmbn
= PmPr — Hmln — UmPr)

Then the characteristics of solutions (7) as follows:

a + 2um +pp+1
x3+x4+x5+x6=—a—1=—pm ,u,,; Pn
0

az
X3.X4FX3. X5 + X3.Xg + X4. X5 + Xg.Xg + X5.Xg = —
Qo
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Pt + 2Pmbtn + PmPp + U + 4lmbty + 2fmpn + 15 + Unpp + P+ 2t + i + pp
B 1

as
X3.X4.X5 + X3.X4.Xg + X4.X5.Xg = ——
Qo
_ 2Pmbmbin + PrmbimPr + Pmbt + +PmbnPn + 25l + WP+ 2Umbi + 2UmlinPr  Pmbn F PmPn t Hin + 2t + 2HmPn
- 1

X3.X4.X5.Xg = o
1
=- W (szﬁhpmphﬁm - pm.uizl — PmHUnPn — :um:ule — UmHUnPr — PmMh — PmPr — UmMn

— UmPr)

The values from root of solutions (7) is negative if,

1
- W (szﬁhpmphﬁm - pmﬂizl — PmMrPn — .um.uizl — HmHUnPr — PmUn — PmPn — HmMn — .umph) >0

! Mb? 4 )> 0
_W( Bhpmphﬁm N,le

.umﬁmthMD
Ro”

>0
N,

1
- W \szﬁhpmphﬁm -

/’tmﬁmthMD
Mb? <—
ﬁhpmphﬁm N,Ltm EROZ

szﬁhpmphﬁm SR02 < ﬁmphMD
MD

ER()Z < :ijph

Ml;) :Bhpmphﬁm

2 F—
Ro” < 42pom

R, < b
0 bz.Bhpm

Because 0 < D < 1and b > 1 then,
Ro <1

Itis evident that disease free equilibrium point is locally asymptotically stable if R, < 1.
Furthermore, in this case describe that the spread of disease is under control, so the
average of every infected mosquitos transmit less disease than one other human.

Results and Discussion

Using Maple software version “Maple 15” and data from reference, we simulated the
model (1). The initial conditions are S _h (0)=3.000.000 individual, E_h (0)=200000
individual, |_h (0)=10000 individual, R_h (0)=9000 individual, D_h (0)=2000 individual,
S_m (0)=5000 individual, E_m (0)=4000 individual, | m (0)=3500 and the values of
parameters are given in the Table 2.

In Figure 2, by taking the above parameters, dengue transmission simulation model is
obtained with avalue of Ry = 5,173 > 1. According to this picture, the initial condition
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of highly susceptible humanhas decreased because of interaction with infected
mosquito, so that the susceptible human become the exposed human and then, as time
increased, the exposed human become the infected human. From this simulation, the
infected human become deceased more than the recovered. The deceased human
increased and stable over time. This indicates that there is infected mosquito that
transmit the diseases to more than one other individual human in the given period.
Therefore, there is a large number of infected mosquitos over time that can lead to an
outbreak in a very short time. So that the endemic equilibrium point is locally
asymptotically stable. From this, we know that the spread of dengue fever in stable
conditions is still endemic for a long period of time, so for further research it is necessary
to modelling of control strategies to reduce the spread of dengue fever.

Table 2. Parameter Values

Notation Value Unit References

U 0.012 day-1 (8]
Bn 0.1 day-1 [8]

Pn 0.3 day-1 (8]

Yh 1.5 day-1 (8]
U 0.003 day-1 [8]
Bm 0.001 day-1 [8]
Pm 2.1428 day-1 [8]

b 1000 unit [8]

Model Simulation
3. % 10°

2. x 10°
Population

1. 10°

0 b
0 50 100 150 200
time (day)

Susceptible Human Exposed Human == Infected Human
Recovery Human Death Human = Susceptible Mosquito
Exposed Moaguito == Infected Mosquito

Figure 2. Dengue Transmission Model

Conclusion

In this study, we introduced the SEIRD-SEI model to analyze dengue transmission
dynamics. This model incorporates eight subpopulations: susceptible humans, exposed
humans, infected humans, recovered humans, deceased individuals, susceptible
mosquitoes, exposed mosquitoes, and infected mosquitoes. Theoretical analysis
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confirms that the transmission dynamics depend on the basic reproduction number at
equilibrium, which also determines the model's stability. We utilized the Routh-Hurwitz

method to assess local stability. According to the analysis, [[R)] _0>1, and the model is

locally asymptotically stable at the endemic equilibrium point. The numerical simulation
describes how the dengue disease propagation model behaves, then we get the value

of [R)] _0=5,173, indicating that the dengue transmission model is locally

asymptotically stable at the endemic equilibrium point.
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