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Abstract: Dengue remains one of the most serious and widespread mosquito-borne viral infections in human beings, with serious
health problems or even death. About 50 to 100 million people are newly infected annually, with almost 2.5 billion people living at
risk and resulting in 20,000 deaths. Dengue virus infection is especially transmitted through bites of Aedes mosquitos, hugely spread
in tropical and subtropical environments, mostly found in urban and semiurban areas. In this research article, a mathematical model
of dengue is proposed and analysed. Here a four dimensional mathematical model is considered. The dynamical behaviour of the
system is studied analytically. Existence condition and stability analysis are performed. Our aim is to control the disease dengue by
using control therapeutic approach.
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1. INTRODUCTION

Dengue fever (DF) and Dengue Haemorrhagic Fever (DHF) are increasingly important public health problems in the tropic and
subtropics areas. Dengue has been recognized in over 100 countries and 2.5 billion people live in areas where dengue is endemic
[1]. Dengue is a viral disease transmitted by the bite of an Aedes mosquito infected with one of the four dengue virus serotypes
(DEN-1, DEN-2, DEN-3 and DEN-4) [2,3]. Dengue can affect almost all age groups (infant to adult), and symptoms appear 3-14
days after the infected mosquito bite [3]. A person recovers from one of the dengue serotype having life-long immunity to that
serotype but prone to infection from other three serotypes.

About 12 weeks’ time the person becomes more susceptible to develop dengue hemorrhagic fever or dengue shock syndrome [4].
In recent decades, the burden of dengue increases rapidly and according to WHO there may be 50-100 million dengue cases occur
each year worldwide [2]. To understand the dengue transmission dynamics fully, it is of utmost importance to realize the blood
feeding behavior of Aedes mosquito. Recent entomological studies on Aedes aegypti revealed that mosquito did not feed randomly
on host blood, but they use their prior experience about a host location and a host defensiveness to select a host to feed on
[5,6,7,8,9,10,11]. Furthermore, on human population also, the memory plays a key role in dengue transmission. In epidemic and
endemic area’s awareness about dengue will lessen the contact rate between host and mosquitoes [12,13]. Thus, in dengue
transmission, a future state depends upon the full history of the transmission process [14].

Different mathematical models have been proposed and analyzed to understand the transmission dynamics of infectious diseases.
In recent years, modeling has become a valuable tool in the analysis of dengue disease transmission dynamics and to determine the
factors that influence the spread of disease to support control measures. Many researchers have proposed SIR epidemic model to
study the transmission dynamics of dengue disease [15, 16,17,18,19,20,21,22]. Incubation periods in hosts and vectors have a
significant influence in transmission dynamics of dengue disease. So, different mathematical studies [23,24,25] of dengue disease
have been made to study dengue disease transmission dynamics with incubation periods.

The original model used by Esteva and Vargas [26], did not include the intrinsic and extrinsic incubation periods of dengue virus in
human and vector populations. Their model considered the transmission between the human and vector populations. The human
population is separated into susceptible, infectious and recovered classes. The vector population is divided into susceptible and
infectious classes. In our study, the length of time during the dengue virus circulating in the blood of human and vector populations
are considered. The infected human and infected vector classes are included into the model. There is the difference between infected
and infectious classes for the human and vector populations. The infected classes cannot transmit dengue virus until they become
to be infectious class.
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Fig.1 A schematic illustration of the interaction between the virus and target cells [27].

1. DEVELOPMENT OF MATHEMATICAL MODEL
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We consider that prey population is facing an infectious disease, where the predator feeds on both healthy and infected preys. Let,
S is the susceptible human population, Iy is the infected human population, Sy is the susceptible vector population, Iy is the infected
vector population, Hy is the Human Vaccinated.

dsS
dtH =(@1-n4, —d;S,
dly, _ BuSuly
= -A, —dl
at N, Ay 1'H
ds, Py
—=A, - -d,S
dt Ay N, 29y
dl, _ASyly _
= d, 1y
a N,
1- S
dH, A, _( az)ﬁHv v _d,H,
dt N,

where, Ay is Birth rate of human population, d; is nature death rate(mosquito)of susceptible infected human population, d; is death

rate of vector population, ds is death rate of human after vaccinated, 7 is death rate due to infection, Ay is constant recruitment rate
of population, By is transmission rate of dengue virus from vector to human, By is transmission rate of dengue virus from human to

vector, A’H is transmission rate of dengue virus from vector to human after vaccination, ﬁ“v is transmission rate of dengue virus
from infected human to vector after vaccination.
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Il. EXISTENCE AND LOCAL STABILITY ANALYSIS OF THE EQUILIBRIUM POINTS

There are four equilibrium points of the aggregated system, trivial equilibrium point Eo(0,0,0,0,0,0) , planer equilibrium points
(1_ r)/lH ﬁ (1_ r)/lH ﬂ M’H (1_ r)ﬂ“H — IH (7 + dl) ﬂv — dzlv

E( 9 0 %o e i 0920 95y gy d, la, A2 N oyandithe

interior equilibrium pointis  E"(SH",In",Sv",IV",HV").

Lemma 1: The equilibrium point £0(0,0,0,0,0,0) is always unstable.

(l_dm” 0, d& ,0,0), is locally asymptotically stable (LAS).
1

2
Proof : The eigen values of the corresponding Jacobian matrix are -ds, -dz, -ds and the other two eigen values satisfy the equation
A2- (az2+azs) A(azo24-224842) = 0,

. . - dry+dq d
ie.,if ——<0and 2% 50
dy+d; BuBv

Therefore, the E; is LAS.

Lemma 2: The System (1) around E;(

(1_”1”,0, & , 0, ”—”), is locally asymptotically stable (LAS).
3

dq, d d
2
Proof : The eigen values of the corresponding Jacobian matrix are -ds, -d, -d3 and the other two eigen values satisfy the equation:
A2- (azatazs) AM(azodoa-a24242) = 0,

Lemma 3: The System around Ex(

. . — dry+dqd
ie., if——<Qand 2122
dy+d; BuBv

Therefore, the E, is LAS.
(1-ri, =1, (y+d) A —d,ly

Lemma 4: The System around Es ( d, , Iy , d, : ly ,0) is locally asymptotically stable (LAS).

Proof : The roots of the characteristic equation

> 0.

Aolt + A3+ A%+ Al +A4 =0 of the Jacobian Matrix satisfy the Routh-Hurwitz criteria i.e. Ai>0 (where, i=0,1,2,3,4),
A1A2 — AcA3 >0,
AALA3 — A12A4 - A()As2 >0.
where, Ao=1
A=Y + 2d; + 2d;
Ao=Yd;, +2Y'd, + 4d1d; + d12 + dz2 — BHBV
As= 2Ydydz + 2d1%d2 + dad2? + Y'do? — diBrPy + d2Brpy
And As= Ydldzz + d12d22 — dleBHBV
the fifth value of A is -ds,
Therefore, the Es is conditionally LAS.

Lemma 5: The System around the interior equilibrium point E*(Sy™,11",Sv",Iv",Hv") is locally asymptotically stable(LAS).
Proof : The roots of the characteristic equation

Aokt + Al + A% + Ash +A4 =0 of the Jacobian Matrix satisfy the Routh-Hurwitz criteria i.e. A>0 (where, i=0,1,2,3,4),
AA — A0A3 >0 ,
A1AA3 — A12A4 - A0A32 >0.
where, Ao=1
A=Y + 2d;+ 2d,
A= Yd; +2Yd; + 4didy + di? + d? - BrPv
A= 2Yd1d; + 2d1%d; + did2? + Yd2? — diBrpy + dafHPy
And As=Ydid2? + di?dp? - d1d2BHPv
the fifth value of A is -ds.
Therefore, the E” is conditionally LAS.
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V. CONCLUSION

The last two years have been really challenging the COVID-19 pandemic changed so much about the way we lived and worked.
Now, just as we’re starting to ease back into regular life, we’re hearing media stories about dengue as an emerging threat. It’s spread
through the infected mosquitoes during day time. The best way to protect yourself is using mosquito nets if sleeping during the day
and use coils. So far one vaccine (Dengvaxia) has been approved and licensed in some countries.

A deterministic mathematical model was developed for the transmission dynamics of Dengue virus. It was shown that the model is
mathematically and epidemiologically well posed. Environment and vaccination strategies are discussed especially in the case of
the succession of two epidemics with two different viruses. The equilibrium of the model equation was obtained and analysed

analytically.
REFERENCES

[1]. World Health Organization, Dengue Haemorrhagic Fever: Diagnosis, Treatment, Prevention and Control, Geneva, 1997.

[2]. World Health Organization. Dengue and severe dengue; 2013. [accessed 22.09.13].

[3].  World Health Organization. Health topics (dengue); 2013. [accessed 22.09.13].

[4]. Gubler D. (1998). Dengue and dengue hemorrhagic fever. Clin Microbiol Rev,11(3):480-96

[5]. McCall P, Kelly D. (2002). Learning and memory in disease vectors. Trends Parasitol, 18(10):429-33.

[6]. HiiJ, Chew M, Sang V, Munstermann L, Tan S, etal. (1991) Population genetic analysis of host seeking and resting behaviors in the malaria vector, Anopheles
balabacensis (Diptera: Culicidae). J Med Entomol, 28(5):675-84.

[7]. Chaves L, Harrington L, Keogh C, Nguyen A, Kitron U. (2010). Blood feeding patterns of mosquitoes: random or structured? Front Zool, 7(3):1-11.

[8]. Chilaka N, Perkins E, Tripet F. (2012). Visual and olfactory associative learning in the malaria vector Anopheles gambiae sensustricto. Malaria J, 11(27):1—
11.

[9]. Vinauger C, Buratti L, Lazzari C. (2011). Learning the way to blood: first evidence of dual olfactory conditioning in a bloodsucking insect, Rhodniusprolixus
I. Appetitive learning. J Exp Biol, 214:3032-8

[10]. Kelly D. (2001). Why are some people bitten more than others? Trends Parasitol, 17(12):578-81.

[11]. Takken W, Verhulst N. (2013). Host preferences of blood-feeding mosquitoes. Annu Rev Entomol, 58:433-53.

[12]. Acharya A, Goswami K, Srinath S, Goswami A. (2005). Awareness about dengue syndrome and related preventive practices amongst residents of an urban
resettlement colony of south Delhi. J Vector Borne Dis, 42:122-7.

[13]. Rosenbaum J, Nathan M, Ragoonanansingh R, Rawlins S, Gayle C, et al. (1995). Community participation in dengue prevention and control: a survey of
knowledge, attitudes, and practice in Trinidad and Tobago. Am J Trop Med Hyg, 53(2):111-7

[14]. Schutz G, Trimper S. (2004). Elephants can always remember: exact long-range memory effects in a non-Markovian random walk. Phys Rev E, 70:045101.

[15]. Derouich M, Boutayeb A, Twizell E.H. (2003). A model of dengue fever. BioMedical Journal on Line Central, 2(1):1-10.

[16]. Esteval, Vargas C. (1998). Analysis of a dengue disease transmission model. Mathematical Biosciences, 150(2):131-151.

[17]. Esteval, Vargas C. (1999). A model for dengue disease with variable human population. Journal of Mathematical Biology, 38(3):220-240.

[18]. Phaijoo G.R., Gurung D.B. (2016). Mathematical study of dengue disease transmission in multi-patch environment. Applied Mathematics, 7(14):1521-1533.

[19]. Pinho S.T.R., Ferreira C.P., Esteva L., Barreto F.R.k., Morato E. Silva V.C., Teixeira M.G.L. (2010). Modelling the dynamics of dengue real epidemics. Phil.
Trans. R. Soci., 368(1933):5679- 5693.

[20]. Sardar T, Rana S. Chattopadhyay. (2015). A mathematical model of dengue transmission with memory. Commun. Nonlinear Simmulat., 22(1):511-525.

[21]. Soewono E, Supriatna A.K. (2001). A two - dimensional model for the transmission of dengue fever disease. Bull. Malaysian Math. Sc. Soc. 24(1):49-57.

[22]. Kermack WO, McKendrick AG. (1927). A contribution to the mathematical theory fo epidemics. Proceeding of the Royal Society of London, 115(772):700-
721.

[23]. Chan M, Johansson M.A. (2012). The Incubation periods of dengue viruses. PLoS ONE. 7(11):e50972.

[24]. Pongsumpun P. (2006). Transmission model for dengue disease with and without the effect of extrinsic incubation period. KMTL, Sci. Tech. J., 6(2):74-82.

[25]. Side S, Noorani M.S.M. (2012). SEIR model for transmission of dengue fever. International Journal on Advanced Science Engineering Information
Technology, 2(5):380-389.

[26]. EstevaL., and Vargas C. (1998). “Analysis of a dengue disease transmission model”, Mathematical Bioscience, vol.150, pp.131-151.

[27]. King C.A., Wegman A.D., Endy T.P. (2020). Mobilization and activation of the innate immune response to dengue virus. Frontiers in Cellular and Infection

Microbiology. 2020 Nov 3;10: 574417.

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 139


https://iarjset.com/

