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Abstract:

An infectious viral disease called dengue fever (DF) is prevalent in urban and peri-urban areas of the tropics
and subtropics. This disease continues to be a threat to global public health. In this study, a dengue virus
transmission based on an equation system for ordinary differentials was developed to study the dynamics of DF
as a measure to prevent epidemics in Kenya, quarantines during treatment and health education are used to
prevent transmission. The next generation matrix approach determines the effective basic reproduction number
(Ro). The model's equilibrium points are identified, and their stability analysed. The effectiveness of DF health
education and patient quarantining was also examined through numerical simulation utilising the MATLAB
program. The results of the stability analysis demonstrate that the disease-free equilibrium is asymptotically
stable both locally and globally when Ry<1 and the endemic equilibrium (EE) point was found to be locally
asymptotically stable when Ry > 1. Numerical simulation performed with MATLAB software demonstrates that
when health education campaigns are effective, the number of DF-infected people falls 0 more quickly,
suggesting that health education campaigns are essential for halting the spread of DF.
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l. INTRODUCTION

When not treated in a timely manner, dengue fever, a viral infection disease, can be fatal. Dengue is
caused by viruses of the genus Togaviride, subgenus Flavivirus. It can be brought on by any of the four
serotypes, which are DEN 1, DEN 2, DEN 3, and DEN 4, and is spread by the genus Aedes, which has two
varieties; dengue fever (DF) and dengue haemorrhagic fever (DHF), which can progress to a more serious form
called dengue shock syndrome (DSS). The two species of Aedes transmitting dengue are Aedes aegypti and
Aedes albopictus. The first is highly anthropophilic, living in busy places and biting throughout the day, while
the second is less anthropophilic and lives in rural areas, according to WHO (2016). Dengue symptoms appear 3
to 14 days after infection. High temperature, headache, nausea, pain in the muscles and joints, and a
characteristic skin rash are some of these symptoms. After contracting one of the four serotypes, a person will
never contract that serotype again and will become more vulnerable to developing DHF in roughly 12 weeks.

Because the lifetime movement of Aedes aegypti is less than a kilometre, the spread of dengue virus is
likely to be driven by human movement. Infected mosquitoes transmit infection by biting susceptible people,
and when a susceptible mosquito bites an infected person, it becomes infected. As a result, humans serve as the
primary vectors between localized mosquito populations. Because population growth, urbanization, and poverty
increase the presence and transmission of infectious diseases, the primary method for controlling and preventing
the spread of dengue virus is to combat vector population through various measures such as reducing mosquito
habitat and exposure to bites. Temperature and precipitation have a significant impact on dengue virus
transmission, according to Rueda et al (1990).

In developing countries, infectious diseases are still the main cause of mortality and morbidity. We
must first comprehend the dynamics of disease transmission and take into consideration all pertinent factors,
such as vector dynamics, in order to limit dengue infection.

According to Lutomiah J et al. (2016), the earliest dengue outbreaks in East Africa were recorded in
the late 1970s and early 1980s, including the one that took place in 1982 near the Kenyan coast. WHO (2020),
received 500,000 reports of dengue cases and estimates that the disease poses a risk to nearly 2.5 billion people.
With 553 instances of dengue fever epidemic in coastal Kenya in 2021 reported over the preceding four months
of January, February, March, and April, more than 100 tropical and subtropical countries were affected. The
transmission of infectious virus and the efficacy of prospective control strategies can both be studied effectively
using mathematical models. In their 1992 proposal, Anderson and May suggested using mathematics to re-
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search infectious diseases. Sensitivity tests and a comparison of conjectures are made possible by the model's
formulation and the availability of a simulation with parameter estimation Hethcote (2000). Consequently, DF
remains a major cause of morbidity and mortality in Kenya and further study is required to comprehend its
dynamics.

According to Whitehead et al. (2007), despite numerous attempts, no vaccine exists to protect against
any of the virus's four serotypes. The DF can be eradicated if the mosquito population declines and evaluation
of the impact of vector management on dengue virus trans- mission according to Yang et al (2008). Fischer et
al. (2019) investigated optimal dengue vaccination and control strategies and discovered a positive effect on the
number of infected people. According to Burattin et al. (2007), DF can be controlled by quarantining infected
people and developing other control strategies.

Il. THE MATHEMATICAL MODEL FORMULATION AND DESCRIPTION

To investigate the dynamics of DF transmission by implementing public health initiatives and isolating
sick individuals. An equation system for mathematical models based on ordinary differential equations is
created. In the study, both qualitative and quantitative analyses are conducted on the model. The next-
generation matrix technique is used to calculate the (Rg). The equilibrium points of the model are, and its
stability is assessed.

A mathematical model based on ordinary differential equations will be developed and used to study the
dynamics of DF. There are two categories of population hamely, human population N, and vector population
Nm. For convenience, human population shall be separate into four classes: Susceptible S, Infectious I,
Quarantined Q,,, Recovered Ry, there are two classes within the vector population. Susceptible S,,,, Infectious 1,,,.
There will be natural death rate of human py, in all compartments of human and mosquito natural death rate will
be W, in all mosquito compartments. Rates of DF infection-related deaths in infected and conned compartments
is dp, The model assumes that people and mosquitoes are mixed uniformly, giving each bite an equal chance of
coming from any individual person. At a rate of S, the human population will be recruited to the susceptible
compartment and at a rate of .Z,,, Mosquito population will be recruited to susceptible compartment. The human
will become infected at rate bpy,, I, (t)S,(t) and mosquito will become infected at rate bpp,, I, (t)S,, (t).
Infected people enter quarantine at p4 rate, and those quarantined individuals recover at 73,. The mosquito-
human inter- action rate is g,,, and the human-to-mosquito interaction is g,,,. Therefore ., (0<q<1) will be
the decrease in mosquito-human contact because of the education campaign and g,,, (0<p<1) will be decreased
human to mosquito interaction ratio as a result of education campaigns where p is a measure of education
campaign efficiency human mosquito interaction and q is a measure of education campaign efficiency mosquito
human interaction.

Table 1: Variables of the model

Description of variables Symbol
Susceptible Individuals S ()
Infected Individuals I (t)
Quarantined Individuals Qn(t)
Recovered Individuals R (t)
Susceptible Mosquitoes S ()
Infected Mosquitoes I (t)

Table 2: Parameters of the model

Description of parameters Symbol
Human population recruitment rate lﬁh
Death rate of human population y/A
Measure of education efficiency human mosquito inter- P
action
Measure of education efficiency human mosquito inter- q
action
Rate of transmission probabilities from human to Phm
mosquito
Rate of quarantining of infected individuals 4
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Rate of recovery of quarantine individuals A
Mosquito population recruitment rate jm
Death rate of mosquito’s population Y/
Rate of transmission probabilities from mosquito to P
human
Biting rate of susceptible mosquito by
Biting rate of infected mosquito b,

*  Model assumption

The model's underlying presumptions are as follows:

* Rates of birth and death are equal.

» All identified DF-infected people will be placed in quarantine.
*  Those who have been quarantined will be treated.

«  After recovery, there is no re-infection with another serotype.

The equations of the model are; Human population
dsn(t) _ g, - (1 = Prmb2pm () (£) Sy ()

dt h N, — S ) (2.1

dly () _ (= p)pmbaprm ()1 (S, (1)

= (up + v (8) (2.2)

dt N,
d
%0 800 ~ a4 1RO 23)
dRy, (1)
D = (004 — 1R 24

Np(t)_dSney | dlne) | 4Qn) |, dRn()
) dt + dt + dt + dt

=6n-#a S (&) + unlp (O) + pun Qn () + unRA (1)
=Lt (Sp () + 1 () + Qr (1) + R, (D))

=6 — Ui

Mosquito population

En®_, (1- q)mhblpxz(t)lh(t)sm O 5w @

dlyy () _ (1 = @mpb1pmr 1, (S5 (£)

dt - N, - .umSm (t) (26)

N (£) =8, () + I (8)

=y, “fns,, = Hmi,
=im — Hms,, —lmIm
:im - l’lm[sm + Im]
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:Jm — Hm Am

Model analysis
In this section, we talk about the model's equilibrium points, basic reproduction humber, and positivity
and boundedness of solutions.

Positivity and Boundedness of Solution
Theorem 2.1. Let the solution of the equations 2.1 to 2.6 on the compact set be I' =
{(St I Q Ry S I ) JERS 77 = S + 1 + Q4 + Ry < N < nfTh,rm =Sy + Iy < forall t=0
’ h

Hm

Proof; in an appropriate subset I, to demonstrate that the solutions are uniformly bounded, the model
equations 2.1 to 2.6 are separated into the mosquito compartment Ny, and the human compartment N,,.

Let /5 = {(Sk, In, @1, Ry)}eR% be the model equation system's solution from equations 2.1 to 2.4, that
determines the derivative of N, along the solution path of a model equation

dN,

a2t =P Un(Sp + 1 + Qn + Ry) (2.7)
Simplifying equation above

dN,

Tl = By (2.8)

The integrating factor of the above is

el mndt (2.9)

Equation 2.8's two sides are multiplied by an integrating factor to get.

i, e e f f
e uhdtW+uhNhe Updt < Bre’ ppdt (2.10)

Integrating both sides of equation 2.10
Ny of pndt S%ef/,thdt+c (2.11)
h

C being a constant of integration. Thus, dividing equation above by el Hndt

N, < i—h +cCel  wdt (2.12)
h

Applying initial conditions t=0, N, = 0
N,0 — Br <C (2.13)
Hn
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Applying equation to the values of C that were found above

N, < Prycof  mnae (3.14)
Hn
N, sﬁ—h+ (NhO —ﬁ—h) el pude (3.15)
Un HUn
N, < Pu <Nh0 —~ ﬁ—h) el mndt
HUn HUn

Applying differential inequality theorem

OSNthj—hastﬁoo (2.16)
R

This demonstrates that N, is bounded and that all possible answers for the human component in the
equations 2.1 through 2.4 system of the dengue fever model, beginning in the /; approach, enter or stay in the
area where;

i ={(Sy++1I, + S, +Q, +Ry)eRt: N, < ﬁ—: (2.17)

Similar to that, the feasible solution set for the mosquito population.

2 ){m
/71 = {(Smt[m)6R+:Nm = —

m

As a result of the aforementioned, both N, and N, are positively bounded, and all of the model's
potential solutions that start in I' will remain in the same region. /= /; = /;, for all t>0.The dengue disease
equation system, which ranges from 2.1 to 2.6 is thus both biologically meaningful and theoretically properly
formulated in the domain /7since I is positively invariant.

Stability analysis
Local Stability of the Disease-Free Equilibrium Point (DFE)

The point at which no disease is present in a given population is known as the disease-free equilibrium.
In the model, it is the moment at which the infected population equals zero, I,=0 and [,,=0 is found at this
point, therefore N,=N, and Ny=I,,,. Equations 2.1 to 2.6 are nonlinear ordinary differential equations, so the
system is linearized to produce a Jacobian matrix in order to ascertain the local stability of a disease-free
equilibrium. To determine whether this mathematical model is stable, we set the RHS of systems of differential

equations 2.1 to 2.6 equal to zero, that is:
dSn(®) _ dIa(®) _ dQn(®) _ dRu®) _ (y (o0 dSn @ _ dln(®) _

de de de dt de dt )
In absence of Dengue fever, this model has DFE. This means that I,= I, =0 as mentioned above.

Therefore, N,= S,and N, = S,. Using a Jacobian matrix, we investigate the linear stability of the DFE. To
derive the Jacobian matrix, each equation is partially differentiated with regard to S, I, Q and R in the human
population and S and | in the mosquito population. Theorem 2.2. The system's disease-free equilibrium is
locally asymptotically stable when Ry < 1 and unstable whenR, > 1.

In human population, the linearized Jacobian matrix is

(1 - p)hm bzth (t)[m (t) (1 - p)hmbzphm (t)lm (t)
- —u, 00 -
Nh Nh

+1,) 007, 000 —u,

= = U +vr) 0 73,() 0 — (up

DOI: 10.9790/0661-2001032236 www.iosrjournals.org 26 | Page



A Model For The Dengue Virus Transmission Incorporating Educational Campaigning........

Equating equations 3.1 to 3.4 to zero, the equations 2.2, 2.3 and 2.4 gives I,
=4, = Ry, = 0. Equations 2.1 becomes /4, - £,S,=0

:Sh :@
Hp

Due to our assumption that the human population remains constant. This

Impliesthat S, = 1
The Jacobian at (1,0,0,0) is given by

J(1,0,0,0) = [, 0000 — (up +¥,) 00 2, () 0 — (u, +1,) 000 77, —pa, ]

The characteristic equation for the disease-free equilibrium is as follows:

Det(J == 1) = [-p4» 00000 77 = ] =0

(=tp =) (= — =¥ =) (=1 =) (—pp =) (3.18)

On solving equation 2.18, the eigen values are;
DN 1,4 = "
o= —(up +vn

Np= "N
Since all eigenvalues are negative, thus DFE is asymptotically stable and Ry<1
Equating the RHS of system 2.5 and 2.6 equal to 0 for the Aedes mosquito. Since I,,= 0 from 2.6, we
et A = /4n S (£)=0.
Letting S,,, the subset, we obtain S,,= #ﬁ
But the death rate is equal to the intake rate,

Implying thats,, = 1.
In mosquito population, the linearized Jacobian matrix is

(A = Dmnb1Prm I (&) L0 (1 = Qb1 prmIn ()

J=1= N, ™ N,

—HUm

Indicating that.

J(1,0) = [_.um 00—y, ]

= (—pn = A) (=, = A) =0. Itimplies that 1 = —p,
Since the eigenvalues are negative, it means that the DFE is asymptotically stable if R, < 1. Thus, the
disease can be eradicated. Local Stability of the Endemic Equilibrium Point

DOI: 10.9790/0661-2001032236 www.iosrjournals.org 27 | Page



A Model For The Dengue Virus Transmission Incorporating Educational Campaigning........

When a disease reaches an endemic equilibrium, it remains in the population but cannot be totally
eliminated. When endemic conditions are met, the classes Sy, I, @y Ry, Sm, I, # 0 but the population is still
infected with the disease when 1I,,I,, > 0. At the endemic equilibrium point in the human population, the
linearized Jacobian matrix is given by

(1 - p)hmbzphm (t)[m (t) (1 - p)hmbzphm (t)[m (t)
- N —up) 00 N -
h h

—(up+m,)007, 000 —u,

]=[( un — (up +v) 0 24 (t) 0

and the characteristics equation is given as

[(_ (1 - p)hmbzphm (t)lm (t) _ ,Uh) % 00 (1 - p)hmbzphm(t)lm(t) — - (uh + ]/h) % 0 ]/h(t) 0

Nh Nh.
_(llh‘l'nh)_)\ 007}1 000—,uh—>\=0 =0

(_ A=pIhmb2phm (O)Im ()

N, + b —X) (=tn-¥n =) (=t = =1 =) (=, =) = 0 (3.19)

h

The above equation is of the forma* + a;4% + a,4% + agd + a, = 0 which implies that

This clearly shows that a;>0, a;>0, a,>0 and a;a,az > a5’ + a;’ay. According to the Routh- Hurwitz
criterion, all have negative real roots. Therefore, the endemic equilibrium point of the human population is
locally asymptotically stable when Ry> 1 and disease can persist in the human population.

The Jacobian matrix (J) for mosquito population is given by

(1 = Qmrb1Pmn 1 (t) (1 = Qmnb1pmnln (1)
](5'1)=[_ le mhh —Un 0 lem —Um —Un
h h
The characteristic equation is equals to
(1 - q)mhblpmhlh(t) (1 - q)mhblpmhlh(t) _
- N, M, =0 N, — U, M, —%|=0
1- b I (t
(_( q)mi;Vhlpmh w (1) . _)\) (=it —x) = 0 (2.20)
1- b I (t 1- b I (t
>\2_|_ (( Q)m};\[hlpmh h( ) + 2#-,,,) ~ + <( q)mh 1\1]fmh h( )/Jm + /sz)

=0 (2.21)

Which is in the form of a x2 + b x +a = 0. Using m

+y/b%—4ac
2a
Thus a=1

(1 = Qmab1pmnln ()

= 2
b N, + 22U,
_ (1 - q)mhblpmhlh (t)ﬂ‘m
c= + U,z
Ny

Solving the equation 2.21 using quadratic formula
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2
0= ubioaslh@ J<(1 Dusimh® 5, F (0= Dusbpalh O, )

2

This clearly shows that the real part of eigenvalues is negative. The Routh-Hurwitz criterion states that
if Ry >1, the endemic equilibrium is locally asymptotically stable. Therefore, the disease may continue to spread
among mosquitoes.

Global Stability of the Endemic Equilibrium Point

Theorem 2.3 If Ry > 1, the system's Endemic equilibrium point E, is globally asymptotically stable.

To proof global stability, application of Laselle (1976) is used through construction of Lyapunov function.
For human population, the Lyapunov function will be;

H(S LR Q=(s- Selné)+ (1- Ielné) +(0- QeanQ—e) +(R- Reln:;e)
On differentiating the above

B (1= D)y (1o L)y (1o L) (- Ry
dt S,/ dt I,/ dt 0./ dt R,/ dt
ds dl dQ

o dR
On substituting the values of T Eand =

dH _ ( Se) ﬁh _ (1 - p)hmphm (t)lm (t)sh (t)

7l Gl N, — 1pSp(8)

S

I\ [ (X = P)yn b2 phm Ly (€) Sk (£)
* (1 B 7) ( N,

— o+l (t)) +(1-2) n©s.0)
R,
= G+ + (1= ) (10 () = ORW(©)

Rearranging equation 2.1t0 2.4

_ =P amb2prmIm (£)Se(8)

h — Nyl () +/the (t)
(/l + ) _ (1 - p)mththIm (t)Se (t)
AR N, I, (2)

Substituting in the above
aH _
dt_S (A=p)pmb I (£)Se (6) (A=p)mnb I (£)Sp ()

e - m mIm (t t —P)m mIm (t t
(1—§){ 2ok zfvh < +lih5e(f)}— b 2‘;\7 A= — S () +

h h
_ L\ APImnb2phmIm OSp(©) _ (A=pImhb2pmnlm (S (£) Qe _ (rr®)Se®)

(1 i) Ny ( Nple(t) )I"(t)+( Q)y’l(t)s’l(t) ( Qe (® )Qh(t)+

Re Ny Qe (t)
(1) m@® — (BEE2) Ru®) < 0

It implies that Thus if S=S,, 1=I, Q=Q, and R=R,, then C;—’:=O. Based on Lasalle's invariant principle,

the endemic equilibrium points of the system 2.1 to 2.4 is therefore globally asymptotically stable. For
Mosquito population, the Lyapunov function will be;

S I
M(S, D) = (5 - Selng) +(1 — 1, lnl)
Differentiating the above
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Y1 %)Ly (1)L
dt S/ dt 1/ dt

On substituting the values of Z—fand Z—i from equation 2.5 and 2.6 ‘Z—A: = (1 — Sf) A —
(1_)mb ml()sm() Ie (1_ )mb m[()sm()
Lo 1!;thht d _#msm(t)'i'(l_T) Lo lﬁ;thhf d _.u-m[m(t)
Rearranging equation 2.5 and 2.6
1- b I,(t)S.(t
jm — ( q)mh 11/\;;lnh h( ) e( )+[1m58(t) (222)
(1 - q)mhblpmh[h(t)se (t)
_ (2.23)
o Nyl (©)
Replacing the values of .Z,, and i,
aMm Se\ (1 = @ b1pmnIn (0)S, (£) (1 = Dmnb1pmnlp (©)S (£)
E - (1 - ?) { Nh + .umSe (t) - Nh - ,umSm (t)
+ (1 _ I_e) (1 - q)mhblpmhlh (t)Sm (t) _ (1 - q)mhblpmhlh (t)'se (t) I (t)
Ny, NI (t) "

It implies that Thus if S=Scand I = I, then‘z—lfTherefore, the endemic equilibrium points of systems 2.5 and 2.6
are globally asymptotically stable according to Lasalle's invariant principle.

The Basic Reproduction Number (Ro)

In a perfectly sensitive population, the Basic Reproduction Number (Ro) is the total number of
secondary illnesses caused by a single ill person.

Using the next-generation matrix approach developed by Van den Driessche and Watmough (2002) to
ascertain the R,. This approach usesg(FV~') to calculate the basic reproduction number. The susceptible
populations in the model are human and mosquito populations. Just the infected compartments of the systems of
differential equations 2.2 and 2.6 of the two populations mentioned above are utilised to calculate R, (Gaff et
al., 2007).

dly(t) (1 = P)pmbaPhm I (£)Sp (£)
dt N,

= (up + v, (t) (2.24)

dly(©) (1 = Qmpb1pmnln () Sy (£)
dc N,

— Hn 1 (0 (2.25)

In the human and vector model, the rate at which a new infection emerges
is known as the vector valued function, or f

_ [QA=-D)hmb2ormIn O)Sh(E) A=@)mnb1ompln(t)Sm ()
f=| ™ - ] (2.26)

Linearizing the matrix about DFE, it forms Jacobian of F

(1 - p)hmeth (1 - Q)mhblpmh
=10 S, (t
N, n (6 N,

F Sp(@®)0

But S, = f—hand Sm = 2—"‘
h m

Individuals are moved from an infectious class by the following
V= 1[(n + ¥ In (8) tonln () ] (2.27)

The Jacobian matrix for removing people from infectious classes is equals to
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V=1[up+v, 00 s, ]

Obtaining V inverse results in

Ve ———— (1, 00 44, + 71 ]
o (U +vR) T

1 1

V_1=[ 00 —

Up + Va Ui

The basic reproduction number is equal to the spectral radius of FV 1
FV_l = [0 (1 B p)hmbzphmﬁh (1 - q)mhblpmhlm 0]
Ny i i Nyt (s + V1)

[ (1 =D wmbap,, By (1= @pnbip, A ]
0 - 0 - = 0
Ny, N, (1, +7,)

Therefore;
)\2_ (1 - p)hmbzﬁh(l - Q)mhblpmhlm -0
Ny iy 2 (U + V1)

R, will be given by the greatest positive Eigen value of the above
2= (1 - P)hmbzphmﬁh(l - q)mhblpmhlm
Npzpppim2 (U + ¥i)

Thus:

(A = P)rmb26rm Pr (1 — Dmpdm
N2 pp 2 (U, + V)

R, =

1. NUMERICAL SOLUTION

This chapter will address the numerical simulations to look at the state Variable dynamics. The
parameter values are partly estimates, derived and obtained from literature. The KNBS-2011 population
projection was used to get the human population. In 2011, there was an outbreak of Dengue fever in North
Eastern Kenya, Mombasa and Mandera. The state variables have the initial values as estimates. MATLAB
R2023a was used to generate numerical simulations, using the appropriate parameters and initial values for the
variables as listed in Table 3 and the output is obtained in relation to in regard to the human population and
vector population compartments. By performing a sensitivity analysis in the basic control reproduction humber
Rq using the parameter values shown in the table, we are able to determine the contribution of each parameter in
the model.

Description of parameters Initial values Source
N, 1208333 KNBS - 2011 population projection
Y 1208332 Assumed
Iy 1 Assumed
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Qs 1 Assumed

R, 0 Assumed

N, 600 Chepkorir et al. (2014)
S 599 Assumed

I, 1 Assumed
7 0.75 Derouich et al.2006
7 0.75 Derouich et al.2006
yA 48.33 Computed

A, 150 Computed

y/A 0.00004 lurii Bakach (2015)
y/8 0.25 lurii Bakach (2015)

p 0<p<1 Assumed

q 0<g<1 Assumed

4 0.3 Assumed

7 0.2857 WHO-2021

by 0.5 Derouich et al.2006
b, 1.0 Derouich et al.2006

Table 3: Parameter and initial variable values of the model and their sources

The basic reproduction number Ry and sensitivity analysis

This will be applied as the total number of secondary infections caused by a single infected person.
Systemically, we obtain R, by the next generation matrix phenomenon. By applying the spectral radius theory,
the Ry will represent the spectral radius of the next generation matrix which will be evaluated as the greatest
Eigen value of FV ™ and Ry=0.27931<1
Therefore, according to theorem 2.2, the systems DFE is locally asymptotically stable

From figure 2, it's observed that for different initial conditions, solutions' trajectories converge to (635,
0, 40, 0). This result agrees with our proposition that the disease-free equilibrium is globally asymptotically
stable when Ry < 1. It's important to observe in this case that, Ry is a decreasing function related to self-
protection awareness. Which result means identifying ways to reduce the community's dengue virus outbreak.
Reduction in the basic re- production number will be instrumental in controlling such spread. It’s also
instructional to note that the self-protection awareness includes.

By performing a sensitivity analysis in the control reproduction number R, using the values given in
Table 3, we are able to determine the contribution of each parameter in the model.
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Figure 2: Simulation 1(The disease-free equilibrium is globally asymptotically) stable if Rq < 1.

Elasticity indices
The formula for a parameter « elasticity index is

@ ORo
= % —

“ Ro da

Therefore, it is a measurement of the proportional change in Ry to the proportional change in a. The
spread of the disease in the populations is caused by the parameter with the largest elasticity magnitude, which

has the greatest effect on Ry. The factor % the scaling factor normally referred to as the normalization of ¢,. We
compute the elasticity of 4, ppm Pmn, b1, b2, Ay N2, i, U2, Vi

2
N

A-P)amb2phm A=) mn b1Pmrim ) hit (i +y )

NEupus (up+yn) ha

=1=c¢

Ep= = £
A “Damb2orm A=Qmnb1im Phm Pmh

= Slm = Sbl = sz

Which is an indication of a linear relationship between Sy, im, .. b1, b2, A,and the basic
reproduction number. Therefore, an increase of the rate of one unit to these parameters will increase the rate of

transmission at the same rate.
p

p 1-— p
Therefore, an increase in p and q of 3 units will lead to a decrease of the same rate in the R, thus

necessitating a decrease in the disease transmission rate. &,,= =2~ = &um meaning that decrease in €nh

and ¢um by two units will increase the basic reproduction number.

¥ B L . . .
=y, % = —2.66 * 1077 , hence a rise in p;, will cause a nominal decrease in R,
n~—/n

Elasticity is a concept used to measure how the transmission of the virus will vary with change in
different parameters. It's clear from our study that the parameters with the most elastic properties are the
education/campaign

Finally, &,
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Figure 3: Elasticity of different parameters a.

Parameter is in relation to disease transmission dynamics. A parameter is considered to be elastic if the
parameter changes more than proportionally then the system increases or decreases.

V. Discussion

We consider the dynamics of transmission of the dengue virus by analysing variation of model state
variables over a period of time. The variables under consideration will be S, I, Qn, Ry, Sp» L -

Figure 4: Population rate of susceptible humans with time.
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Figure 5: Variation infected human population with time.

From the figure above, it is noted that as time passes, the number of susceptible humans decreases up
to some equilibrium point which is

attained in five months. This could be partly because of the rise of infected persons from one
individual and also due to the education campaign. From the graph, we note that there is a variation in the rate
of change of susceptible humans with time based on the education campaign index. It can be noted that a higher
rate of education campaign will have a higher effect on reducing the susceptible population.

Figure 6: Variation of quarantined population of humans over time.

The population of infected humans is expected to grow with time, but at a decreasing rate, as is
evident. As the infected transmission vector comes with human populations, the human population gets infected
with the virus at the rates as displayed in the figure above. The rate of vector to human infection is observed to
decrease with the increase in the education efficiency for human vector interaction. Note that the rate of
quarantine starts from zero and increases gradually over time. Still, the variation of p is seen to have an effect
on the quarantine rate. Just as observed in figure 3, figure 4 implies that there is the effect of education on
quarantined humans. The higher the p the lower the quarantined population.
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Figure 7: Variation of susceptible mosquito population with time.

Figure 7, the number of susceptible mosquitoes that come in contact with infected persons, they do get
infected and thus reduce their population. It is also clear that g has an effect on this since the lower the g, the
higher the decrease in the rate of susceptible mosquito population. Whereas in figure 6, as the susceptible
population decreases, the infected population increases over the same period. The two vary mutually but in an
opposite manner.

Figure 8: Variation of infected mosquito population with time.

V. CONCLUSION

The mathematical model to study the dynamics of the dengue virus was formulated and analysed for
equilibrium points. Using the spectral radius theory, the R, is acquired as the subsequent generation matrix's
spectral radius, which will be assessed as the largest Eigenvalue of FV ~* and Re<1. The system DFE is thus
locally asymptotically stable, as stated by Theorem 2.2. The education efficiency in this study is observed as the
most elastic variable and is seen to have an impact on the rates of decline in the number of susceptible
populations of both humans and mosquitoes. It also affected the increase of the infected humans, mosquitoes
and quarantined humans substantially. Recovery rate as observed is assumed to be higher than the mortality
rate. Evidence of the importance of DF health education programs in enhancing knowledge and emphasizing
application of that knowledge is shown by this study. Regular and more intensive health education campaigns
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about human-mosquito and mosquito-human interaction as well as the broader control of the mosquito
population using currently available eco- logically friendly approaches could lead to even greater improvement.
Social and community mobilisation is also useful in raising awareness and transforming knowledge into
practice on control of Dengue Fever transmission. It has been shown that quarantining significantly lowers the
infection rates in populations of mosquitoes and humans. This is an aspect of control that its effect on the
population is noted based on the high rate of decline in susceptible populations.

VI.  Recommendations
Observation of outbreak trends and indicator surveillance will be useful in preparation of the health
infrastructure and prevention mitigating measures. Accurate surveillance should inform the programs to be
implemented and at what time. This surveillance however ought to be routine. The availability of a safe and
effective vaccine would improve dengue prevention measures. Vaccine development May be costly and time
consuming but with long term benefits
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