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Abstract

In this paper, the impact of media coverage on the transmission of vector borne diseases has been investigated.
The model exhibits two equilibria: a disease-free and a unique endemic equilibrium. The model is analyzed
using Hurwitz criterion and Geometric approach. The numerical simulations of model reveals that, the effects
of media coverage on the transmission of vector-borne disease endemic may decrease the peak value of the
infectives or the average number of the infectives in different cases.
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1 Introduction
When an infectious disease appears and starts spreading in a region, there is a need for effective treatment to
control the epidemic (Shams and Khansari, 2019; Zhang et al., 2020; Naresh et al., 2021). The board for
disease control and prevention will do everything possible to avert the disease spreading (Saranya et al., 2022).
The preventive measures include making individual familiar people with the right preventive knowledge of the
disease as soon as possible through media and education. The knowledge about the transmission modality of
infection can help them to take necessary preventive measures to avoid infection. Media coverage may play a
crucial role in mitigating contact rate of human beings as observed during the spreading of severe acute
respiratory syndrome (SARS) during 2002 and 2004 SARS (Wang and Ruan, 2004; Webb et al., 2004). The
public’s devotion to their anticipated opinions is the significant obstacle to the adoption of any disease
management strategy. People have several misconceptions regarding vectors and their breeding spots in rural
and semi-rural regions of nations where these diseases are more endemic (Adedotun et al., 2010; Tyagi et al.,
2005). However, if correct information is provided on time, individuals may change their behaviour to reduce
their chance of contacting infection and adjust the future of epidemic.

The findings of surveys (Rahman and Rahman, 2007; Hossain et al., 2014) suggest that people who
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regularly read articles or magazine or watch television corresponding to the public health, are more aware
about the transmission of infection in comparison to those who do not do so. The change in behaviour of
susceptible facing infection is due to the result of awareness programs that are run by media campaigns. The
effort of information realised through media emphasize on the awearness of individual’s about the
transmission of infection and promote steps that can decrease the chance of being infected. (Kiss et al., 2010;
Samanta et al., 2013) have proposed mathematical models analysing the the impact of media-sponsored public
awareness campaigns on the transmission and control of epidemic. Cui et al. (2008) have studied impact of the
media coverage on the spreading and control of the disease by considering a new incidence function. Many
authors (Chunara et al., 2012; Misra et al., 2013, 2011a, b) have proposed diseases transmission models in a
more evident way by incorporating media coverage into epidemic model. The media coverage or awareness
programs are represented by equation or equations and included into disease transmission models. The
compartmental disease models can also be incorporated by being associated to the changes in behaviour of
individuals. The behavioural changes are expressed in terms of contact rates or other model terms and hence,
the infection or incidence rates (Cui et al., 2008; Mummert and Weiss, 2013; Tchuenche et al., 2011; Xiao et
al., 2015). Lu et al. (2017) introduced the change in behavior of an individual towards the infected individuals
due to the awareness by media and analyzed an SEI model to study the impact of media on the spread and
control of infectious diseases. Misra et al. (2018) studied the effect of television and social media
advertisement on the transmission of infectious disease. Their analysis reviles that the increase in growth rate
of cumulative number of television and social media advertisement after a threshold value destabilizes the
system and periodic oscillations arise through Hopf-bifurcation. Srivastav et al. (2019) proposed mathematical
model to study the effectiveness of the role of media on the spread of Zika virus. The study of model shows
that media has a beneficial impact on the infected human as increase in media parameters, the equilibrium
level of infected humans decreases. Kar et al. (2019) analyzed an SEIR epidemic model to assess the effect of
media, considering saturated type of incidence rate and treatment control function. The media is assumed to
be considered as treatment control as well as another disease control measure. Salman (2021) formulated an
HIV/AIDS infectious disease model to study the effect of media coverage on the spread of the disease by
incorporating a nonlinear function of the number of infective in the transmission term. In this article, we will
focus at how media coverage affects the dynamics of host-vector dynamics by considering a Ross-Macdonald
type model with a kind of new contact rate, where the population of the vector is described by a system for the
susceptible and infected vector while the dynamics of the host is described by an SIR model.

The main purpose of this paper is to study the effectiveness of media coverage on vector-borne disease
by including the new contact rate in transmission rate. Accordingly, we formulate a vector-host model in
section 2. We calculate the reproduction number and the stability of disease-free equilibrium in section 3. The
existence of the endemic equilibrium and proof of the stability of endemic equilibrium are discussed in Section
4. Numerical simulation and conclusion are given in Section 5 and Section 6, respectively. Appendices A
and B explains the basic structure used to prove the global stability of endemic equilibrium.

2 Mathematical Model

In this section we assume that total population size at time t, given by N, (t), is divided into subclasses of
individuals who are susceptible population of size S(t), Infectious population of size I(t) and recovered
population of size R(t). Thus N;(t) = S(t) + I(t) + R(t). Furthermore, the total vector population size at
time ¢ is assumed to be N, (t) and is divided into subclasses of vectors that are susceptible vector of size M(t)
and infected vector of size V(t). So we have N,(t) = M(t) + V(t). The mathematical model can be
represented by the following non-linear differential equations.
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where b; and b, are the birth or immigrant rate for host and vector population respectively. We assume that
vertical transmission in the host does not occur so that all newly recruited individuals are susceptible. g, is the
rate of Infection spread by the pathogen-carrier vectors. The per capita recovery rate of the hosts is given by y.

Aol
m+l1

A, is the contact rate before media alert; (1) = (/11 - ) denotes the contact rate after media alert and

brings down the transmission rate when the infection appear and cases are reported through media. The
reduced rate of the transmission tends to its maximum value 4,, as I — oo and when the infectious individuals
are reported at m, the transmission rate equals half of the maximum A, (Liu and Cui, 2008). Since it is not
possible that the media reports can completely cease the disease from spreading, therefore, 1; = 1,. m is the
reactive velocity of people and media coverage to the disease. d is disease induced death rate of host
population. u; and p, natural death rates of host and vector population respectively. Since the recovered
population R appears only in third equation of system (1). We have

N{ =b; — Ny

which is derived by adding the host population of the system (1) and also,
N3 = by — Ny,
which is derived by adding the vector population of the system (1).

Itis clear that lim,_,, N (t) = % and lim,_,,, N, (t) = Z_Z_
1 2

Therefore, the system (1) can be reduced as:

s _ b (,1 A1 )51 SV — u,S
ac X 1 o B U0,
dl Al
L= (A = 2Z) ST+ 1SV = (d +py + 1), @)

C:i_‘:=ﬁz(%_ )I_HZV-

The values of R and M can be determined correspondingly from R = % —S—I,and M = %2 _y or from

1 H1

R' =yl —wRand M' = b, — B,MI — u, M, respectively. We need the non-negative solutions for biological
reasons. The solutions lead us to study the system (2) in the closed set

b b
Q={(S,I,V)€R§,|OSS+ISM—1, osvsy—z, $>0,1>0V >0}
1 2
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where R2 denotes the non-negative cone of R? including its lower dimensional faces. It can be verified that Q
is positively invariant with respect to the system (2).

3 Disease Free Equilibrium and Reproduction Number
The equilibria for the model (2), can be obtained by setting right hand side of model (2) equal to zero. The

model clearly has a unique disease free equilibrium point E, in the region Q, given by E, = (% 0,0).
1

We will obtain the expression of reproduction number. The reproduction number denoted by R, and denoted
by the number of secondary infection produced when a single infectious host is introduced into a totally
susceptible population. We use the next generation matrix method described in Driessche and Watmough
(2002) to define the reproduction number R, as:

Let x = (S,1,V)T. Then the model (2) can be written as:

dx —F -
2 =FO-v@,
where
0 0 d+puy +y 0
«S° BiS ﬁzbzl
Fx)={o 0 JandV()=|-="~ Ha
( 4S5° B1B2S° ) B1S°
Fy-t=(\@+y+mw) @+y+w))
0 0

The reproduction number R, denoted as the spatial radius FV~1 is given as:
1S° S0
:Ro — ( 1 + BLBZ )’
d+y+p) @+y+u)
=( Mbi  PiBabib, >
p(d+y+u)  wpsd+y+u))

Theorem-1 The disease-free equilibrium point E, is locally asymptotically stable if R, < 1 and (p,(d + py +
Y) + w1, > A by) otherwise unstable.
Proof. The variational matrix at the disease free equilibrium point E, of the model (2) is given as:

by by
( ! ! 251 A #1\
by b,
0 A——d+u + —
J(x) = 1 " ( pt+y) B “
0 ﬁbz
2 1 123

From the characteristic equation, we obtain one root as —u, and the remaining eigenvalue can be obtained
from the following quadratic equation.
aA> + A+ ay, =0,
where
az = p1, @y = (i (d + py +7) + uapy — 4by),and ag = pypp(d + py +y)(1 — Ro).
Using Routh-Hurwitz criterion, a second-degree polynomial with all the coefficients positive will obviously
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have negative roots.
Now, a; > 0if (uy (d + g +v) + i, > AMby)and ay > 0= Ry < 1.
Hence the theorem.

4 Existence of Endemic Equilibrium
Let the left-hand side of each differential equations of the system (2) be zero, the endemic (S, I, M, V) satisfies
(§>0,1>0,V > 0)and from equation third, we have
o B2b,I” .
2 (Bal* + p12)
Using the value of V* in equation first, we get
_ ta(m + 1) (B2 " + pp)(d + py +7)
T m+ (A = 2D (Bol* + ) + (BiB2bym + BiBobyI*)
Using the expression of V* and S* in equation second and the value of I* can be obtained from the following
equation

S*

azI*3 + a,I** + a;I* + a5 = 0. ©))
where
as = P2 (d + py +7) (A — 1),
az = (d + py + Y)(MAypiafz + 15 (A — A3) + BiBaby + it 2) — by (A1 — 22),
a; = (d + py +y)(p Ay + mPy by + mpppa iy + w5 (B, + 4z)) — by (2 (Ay — A2) + mpyAy
+ B1B2b>),
ap = muyp5(d + py +¥)(1 = Ry).
Now, we state the theorem given in (Burnside and Panton, 1892) to determine the existence of endemic
equilibrium.
Theorem-2 Every equation of an odd degree has at least one real root of a sign opposite to that of its last term.
Since it is assumed that A, > A,. Therefore, a; > 0. Now, two cases arise:
Case i) when R, > 1, then using the theorem 2, equation (3) has atleast one positive root.
Again two cases arise:
Case ii) when R, > 1, and if a; < 0; a, < 0 then using Descarts rule of signs, equation (3) has exactly
one Positive root.
Case iii)when Ry, > 1, and if a; > 0; a, > 0 then using Descarts rule of signs, equation (3) has atleast
one Positive root.
Case iv) when R, < 1 then using Discart’s rule of signs equation (3) has no positive root.
Thus, we summarize the result as:
Lemma 1 The system (2) has a unique endemic equilibrium point whenever R, > 1 and no positive endemic
equilibrium when R, 1.

4.1 Local stability of endemic equilibrium

Theorem-3 If R, > 1, then the endemic equilibrium E* = (S*,I*,V*) of the system (2) is locally
asymptotically stable in Q.

Proof. We linearize the system (2) at the equilibrium E* = (§*,I*,V*) as:
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AZI* * * * * ml* *
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/‘{21* * * * * mI* *
g = | (g E) Y (1~ 8" ) = @) s
b,
0 =P (_ - V*) —BI" — iy
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let
A= (,11— Aol )I*+ﬁ1V* >0
m+I* ’

*

B = (,15* 2,8 — )
- 1 2 (m+1)2

<0,

*

ml
) <°
The roots can be obtained from the following characteristic equation

X343 X2+ X+¢, =0,

C=—(d+p +7)+ (,115* 2,8

where
C3 =(A+ﬁ21*+‘u1+ﬂ2_c)>0,
* * bz * *
c; = | (A+u) (Bl + pp — C) — P152S <,u__ 4 ) —C(Bol"+ ) —AB | >0,
2
* * b2 * *
&1 = [ —COA+ ) Bl + 1) + 1BifaS (;T =V )= ABI + 1) | > 0.
2
Since,
€163 — 3 = (Bl" +pup — C) ((A + u) (Bl + py — C) — C(BoI™ + py) + B1B2S” (Z_z - V*)> +
A <BC + B182S” (Z—Z — V*)> + ((A +u)(B I+ —C) — AB) > 0. Threfore, by using Routh Hurwitz
2

criteria, it is clear that all the eigenvalues of the system (2) have negative real parts if and only R, > 1. Thus,
endemic equilibrium E* is locally asymptotically stable in Q. This proves the theorem.

4.2 Global stability of endemic equilibrium

We now use the theory outlined in the Appendix A , in particular Theorem (A.1), to prove that endemic
equilibrium E* is globally asymptotically stable in Q as stated in Theorem (4. 1).

Theorem-4 The endemic state E* is locally and globally asymptotically stable for R, > 1.

Proof. Let us take x = (S,1,V) and f(x) denote the vector field of the system (2). The Jacobian matrix

Jx) = Z—i about x of the system (2) is given as:

(,1 el )1 v 2,5+ 225mD s
1T B1 Hq 1 (m +1)? B1
A1 A,S(ml)
g6 = | (=) 1= WSS Gutden) BS |
Uz

and its second additive compound matrix J!? (see Appendix-B) is obtained as
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Aqq B1S B1S
A(bz V) A 1S+ 1,5 —
J[2]= | 2 'uz 22 1 2 (m+1)2
A1 ’
\ 0 (Al_mj—l)l—l—ﬁlv A33 /
where
2,2[ AZS(mI)
Ay =_(/11_m+1>1_ﬁ1v_.“1 +/115_m_(ﬂ1+d+}’).
A,1
Ayp = _(11_m+1)1_ﬁ1v_ﬂ1 = Aol — iy,
A,S(mlI)
Az3 =/115_(:nT)2_/121_#2—(#1+d+)’)-

Let us take the function P(X) = P(S,I,V) = diag{l,é,é},

Py )
PfpP~1 = diag{O,; ——,-—=}L

The matrix B = PfP~* + PJI21P~1 can be written in block form as

Byy Biz
B =|By; By

where
Ayl A,5(mlI)
B11=_</11_m+1)1_31v+#1_/115—m—(#1+d+]/),
BiSV uSV () '
B12=< I I >'Bz1= V \u, )
B3,
</1 /121)1 14 1 +i v /15+'125(m1)
_ 1T T B1 251 2 I12%) Ty M (m + 1)?
</1 /121)1 v (,1 '12[)1 V—( +d+)+i vl
1T B1 1T By Hq )4 1~V

Taking the vector norm |({,9, w)| = max{|{|, |9] + |w]|} for all ({,9, w) € R3(Li and Muldowney, 1996), we
have
{(B) < sup{py, 2}, 4
where
p1 = {1(B11) + |B12l,
p2 = {1(B3z) + B2
¢, denotes the Lozinskii measure with respect to the [; norm. Therefore,

- (,1 el )1 V= +A,S AS( ml ) wtdips PV LY
pZ_ 1 (m+I) Bl /'ll 1 2 (m+1)2 ul Y Ji I Vl
(%)
I v I v A,1 (b
pz:max{_lh_/121_#24‘;—;.—121—#2+;_;}+%(u_z_V)- (6)

Rewriting the second and the third equations of the model (2), we obtain, respectively,
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i _ Azl B1SV

S d+y) = (4 -2y s + B (7)
v _ el (b2 _

F=E () - ®)

Substituting (7) into (5) and (8) into (6), we have

p1 = g_ (A + 1S + g + B1V), ©)
P2 =1— (uy + 2zD). (10)
which implies

I
{(B) = sup{ps,p2} < 77 Htmax {Al + 4,5 + BV, 2,13,

. i
i.e.¢(B) = sup{p1,p} <;—m +¢

where ¢ = max{A4;I + ;S + BV, 1,1}.
This holds along each solution (S(¢),1(¢),V(t)) of the system with (S(0),1(0),V(0)) € K, where K is the
compact absorbing set. We have

1)

10y (u+oc),

1ft (B)dl <11
£), ¢ < 7log
d = (4 + ¢), which implies that
_ 1t d
q= hmsupsup—f {(B)dl < —=<0.

t—oo tJ, 2

Thus, by result of Li and Muldowney (1996), it implies that E* is globally as asymptotically stable.

5 Numerical Simulation

The primary aim of the present study is to investigate the impact of media coverage the spread of vector borne
disease. Therefore, we perform a comprehensive numerical study to gauge the impact of media coverage
related parameters on the disease dynamics. we integrate the systems by fourth order Runge-Kutta method
using MATLAB 2018a. To study the dynamical behaviour of the system (2), numerical simulation of the
system is done by using the following parameters.

440 T T T T T T T

420 - -b1=350 b

——b, = 300

400

380
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R o e mm s mm e e e e m e e M e e e E e e e e e e e e EE e e me Em Em e

£

320

Infected Human Population I(t)

1 | | | | 1 |
0 -] 10 15 20 25 30 35 40
Time (t)

300

Fig. 1 Variation of infective human (host) population for parameter b, with respect to time t.
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Fig. 1 show the variation of infective human population with time for the parameter A, , the media
coverage parameter. It is seen that when A, = 0, the infective human population significantly increases as
compared to when A, # 0. Therefore, it suggests that in presence of effective media coverage there is delay in
the appearance of the peak of infection, and there by decrease in the number of infected individuals. It shows
that effectual media coverage is beneficial for the control of vector born disease. As we are aware of the fact
that as soon as more and more infected people are reported by the media, the susceptible will take preventive
methods by themselves from being infected. Fig. 2 show the variation of infective human population with time
for the parameter b,. It is clear from the Fig. 2 that as the immigration rate of host population increases, the
susceptible population increases thereby increasing the infective population. Fig. 3 show the variation of
infective human population with time for the parameter A;. It is clear from the figure that as the contact rate

(without media coverage) A, increases the infective population is also significantly increased.
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= - = =, =0.004
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Time (t)
Fig. 2 Variation of infective human (host) population for parameter A, with respect to time t.

500 T T T T T
=
= - = =m=6A =0
= Ay
T T8 Y e m =30, A, = 0.0010 .
]
= m=8, A, = 0.0010
3 A
[=]
o
£ 400 .
=
=
I -----------------------------------
8
g 350
£
=

- 2zec smsmememame == 2= szimememomeme =

0 5 10 15 20 25 30 s 40
Time (t)

Fig. 3 Variation of infective human (host) population for media coverage parameter 4, with respect to time t.
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6 Conclusion

In this paper, we developed and analyzed a mathematical model to study the impact of vector borne diseases.
We have studied the stability of the disease free equilibrium and the endemic equilibrium for the system (2).
The expression for the Reproduction number R, suggest that the media coverage doesn’t have any effect on
the reproduction number. It can be easily analyzed that m and A, doesn’t change the stability condition for
endemic equilibrium, instead, only coordinates of endemic equilibrium are changed. The expression of the

Aol
m+l1

media coverage function A(I) = (/11 - ) clearly indicates that as the value of m decreases, the spread of of

disease will decrease. It suggests that as soon as the infection starts to spread, the media should report the
current situation and suggest various methods for the protection from infection.

Appendix A
In this Appendix we briefly outline geometric approach method of Li and Muldowney (1996) to study the
global stability of endemic equilibrium point x*. The method is briefly discussed as:
Consider
x = f(x),(A.1)
where f: D - R™; D c R" is an open set and simply connected and f € C1(D).
Let x(t, x,) be the solution of equation (A. 1).
We assume that
(H,) : acompact absorbing set exists i.e. K c D,
(H,) : there exists a unique equilibrium for (A. 1) denoted by x* in D,
are satisfied. If all the trajectories in D converge to x* and are locally stable, then the point x* is known to be
globally stable in D. The global stability principal of Li and Muldowney (1996) for an autonomous system is
presented as follows.
Lemma A.1.1 Let the two conditions (H,) and (H,) hold, assuming that (A.1) satisfies the Bendixson
criteria (robustness under C1) for local perturbations of f(x) at all non-equilibrium, non-wandring points for
(A.1.1) . Then x* is globally stable in D, provided it is stable.

The robustness which is required by lemma A.1.1 is proved by the following Bendixson criterion given in Li

m
2

exists and is continuous for x € K, the compact absorbing set.
We define the quantity g as,

and Muldowney (1993). Let P(x) represents ( ) X (rzn) a matrix valued function i.e. C* on D. Also P!

— . 1 t(\'
q= gLTosupsup?L 3 (B(X(S. xo))) ds,

where
B = PP~' 4+ pjl2lp~t,
Here the matrix Py is

aP;(0)\"
(Py) = ( P’(")) () = VP ().

0x
The matrix /12! represents the second additive compound matrix of the Jacobean matrix
J(x) = Df (x).
Let 3(B) represents the Lozinskii measure of B with respect to the vector norm . in R,

m

where M = (2

) is defined by
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1+hB -1

 h

It has been proved in Lahrouz et al. (2011) that D is simply connected, then the condition g < 0 deletes the
presence of any orbit that gives rise to a simply closed rectifiable curve which is invariant for (4.1). The
global stability result which is proved in Li and Muldowney (1996) is stated as follow:

Lemma A.1.2 Let the simple connectivity of D together with (H,) and (H,) hold. Then E*, the endemic
equilibrium point of (4. 1) is stable globally in D if § < 0. We find the global stability of endemic equilibrium
using the approach of Li and Muldowney (1996). The uniform persistence exists in case E, is unstable
(Freedman et al., 1994), i.e., there exists a constant a > 0 such that any solution (S(t),l(t),V(t)) with
(5(0),1(0),V(0)) in the orbit of the system (2) satisfies

@)=

giminf S(t) > aq, tliminf I(t) > a, tliminf V(t) > aq,

where a > 0.
Theorem-A.1 Assume that D is simply connected and that assumptions (H;), (H,) hold. Then the unique
equilibrium x* of (A.1) is globally stable in D if g, < 0.

Appendix B

The second additive compound matrix of A is a (;n) X (;n) matrix and satisfies the property (4 + B)1?] =

(2]

5o = trAl2l. When n = 3, the second additive compound

Al?1 + B2l In particular, when n = 2, we have A
matrix of A = (a;;) is

aqq +ap; a3 —aq3
Al = asz a;; tazz ap .

—azq az Qyy + a3z

A comprehensive survey on compound matrices and their relations to differential equations is given in
Muldowney (1990).
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