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Abstract: Diarrhoeal diseases are the major cause of child mortality in developing coun-

tries, where access to clean drinking water and sanitation is a problem. In this paper, we

develop and analyse a mathematical model for cholera transmission incorporating media cov-

erage. The existence and stability of the equilibrium points is established. Analysis of the

model shows that the disease free equilibrium is both locally and globally asymptotically sta-

ble when the basic reproduction number is less than unity while the endemic equilibrium is

locally asymptotically stable when the reproduction number is greater than unity. Numeri-

cal simulations done using the MATLAB software indicate that when media coverage is very

efficient, the number of cholera infectives decreases faster, impliying that media alert and

awareness campaigns are vital in controlling the spread of cholera.
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1. Introduction

Cholera is a gastrointestinal disease caused by the bacterium Vibrio cholerae. It
affects millions of people worldwide, with an estimated 1.4 - 4.3 million cases and
28, 000 - 142, 000 deaths reported per year [6]. The disease dynamics depend
mainly on the interactions between the human host, the pathogen and the
environment [5], which leads to two transmission pathways that is the human
to human and the environment to human transmission.

Cholera is mostly common in developing countries like Africa, parts of Asia
and South and Central America where there is inadequate sanitation and lack
of clean drinking water. In 2012 , 94, 553 cholera cases with 1, 834 associated
deaths were reported to the WHO by 25 African countries [1]. In Kenya, for
instance, 14, 878 cholera cases with 234 deaths were recorded between December
2014 and May 2016 [12].

Mathematical modelling is an important tool used in analysing the dynam-
ics of infectious diseases. Several models have been formulated and analysed
to explain the dynamics of cholera transmission. Codeço [8], proposed a model
that looked at the role of the aquatic reservoir in the maintenance of endemic
cholera. Hartley et al. [9], modified Codeço’s model to include a hyperinfectious
state of the bacterium based on laboratory observations. Mukandavire et al.
[4], simplified the model by Hartley et al. [9], to study the 2008-2009 cholera
outbreak in Zimbabwe. In his model, he explored the ”fast” human-to-human
and ”slow” environment-to-human transmission modes of cholera. His results
showed that both modes of transmission contributed in sustaining cholera in
Zimbabwe. Wang et al. [11], extended the model by Mukandavire et al. [4], to
include the effects of vaccination, therapeutic treatment and water sanitation .
Numerical simulation of his results shows that the various control measures are
closely interrelated and that the strength of one measure as an optimal strategy
depends on its relative cost and the population setting.

Media coverage has been known to greatly influence an individuals be-
haviour as well as goverment policies on prevention and control of infectious
diseases [7]. In this paper, we seek to understand the effects of media coverage
in the transmission of cholera. We extend the model proposed by Mukandavire
et al. [4], to include the effects of media coverage. The rest of the paper is
organized as follows: the model is formulated in Section 2, existence and sta-
bility analysis of the disease free equilibrium is done in Section 3, existence
and stability analysis of the endemic equilibrium is done in Section 4 numerical
simulations are carried out in Section 5. The paper ends with a conclusion in
Section 6.
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2. Model Formulation and Description

The human population is subdivided into classes of susceptible, S , infected ,
I and recovered, R with the total population N(t) = S(t) + I(t) + R(t). B

denotes the concentration of Vibrios in the environment. As in [4], susceptible
individuals acquire Vibrios from ingesting environmental Vibrios or through
human to human transmission. Therefore, we obtain a model represented by
the following system of equations

dS

dt
= Λ− (βe − ρβe)

SB

κ+B
− (βh −

ρβhI

m+ I
)SI − µS

dI

dt
= (βe − ρβe)

SB

κ+B
+ (βh −

ρβhI

m+ I
)SI − (γ + µ+ δ)I

dB

dt
= σI − ξB

dR

dt
= γI − µR (1)

where µ denotes the natural death rate, Λ is the rate at which individuals are
recruited into the population, βe is the rate of ingestion of Vibrios from the
environment, ρβe (0 < ρ < 1) is the reduced rate of ingestion of Vibrios from
the environment due to media coverage, where ρ measures the efficacy of media
coverage, βh is the rate of human to human transmission, ρβhI

m+I
is the reduced

rate of contact with infected persons due to media alert where the function I
m+I

is a continuous bounded function which takes into account disease saturation or
psychological effects, κ is the pathogen concentration that yields 50% chance of
catching cholera, γ is the rate of recovery, δ is the death rate due to infection,
m is the rate of media coverage, σ is the rate of human contribution to Vibrio

cholerae and ξ is the death rate of Vibrio cholerae.
Since R(t) = N(t) − S(t) − I(t), it is enough to consider the first three

equations of system 1, our new system becomes

dS

dt
= Λ− (βe − ρβe)

SB

κ+B
− (βh −

ρβhI

m+ I
)SI − µS

dI

dt
= (βe − ρβe)

SB

κ+B
+ (βh −

ρβhI

m+ I
)SI − (γ + µ+ δ)I

dB

dt
= σI − ξB (2)

The model monitors a population, therefore, solutions with positive initial data,
will remain positive for t ≥ 0 and will be bounded in the feasible region Ω =
{(S, I,R) : N ≤ Λ

µ
}.
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3. Disease Free Equilibrium

The disease-free equilibrium (E0) is a point where the disease is not present
in the population. The disease free equilibrium (DFE) of the system (E0) is
given by (Λ

µ
, 0, 0). We must first find the basic reproduction number inorder to

analyse the DFE.

3.1. Basic Reproduction Number

The basic reproduction number R0 is the average number of secondary infec-
tions caused when a single infectious individual is introduced into a purely
susceptible population. We determine R0 using the next generation matrix ap-
proach [3]. The basic reproduction number is the spectral radius ρFV −1 which
is given by

R0 =
Λ

µ(γ + δ + µ)
(βh +

(βe − ρβe)σ

κξ
) (3)

3.2. Local Stability of the Disease Free Equilibrium

Theorem 1. The disease free equilibrium is locally asymptotically stable
if R0 < 1 and is unstable if R0 > 1.

Proof. The jacobian of system at the DFE is given by.

J =




−µ −βh
Λ
µ

−(βe − ρβe)
Λ
µκ

0 βh
Λ
µ
− (γ + µ+ δ) (βe − ρβe)

Λ
µκ

0 σ −ξ




Clearly one of the eigen values is −µ , we use the Routh Hurwitz criterion [2]
to check the signs of the eigen values of the reduced block matrix given by

[
βh

Λ
µ
− (γ + µ+ δ) (βe − ρβe)

Λ
µκ

σ −ξ

]

The determinant is given by

−ξ

[
βh

Λ

µ
− (γ + µ+ δ)

]
−

σAΛ

µκ

where (βe − ρβe) = A. For the determinant to be positive

ξβh
Λ

µ
+

σAΛ

µκ
< ξ(γ + µ+ δ)
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dividing both sides by ξγ + µ+ δ) gives

Λ

µ(γ + δ + µ)

[
βh +

(βe − ρβe)σ

κξ

]
< 1

Thus Ro < 1. The trace of the reduced block matrix is given by

βh
Λ

µ
− ξ − (γ + µ+ δ).

If we make γ + µ + δ to be the subject of the formula and (βe − ρβe) = A

from the basic reproduction number, and subsitute it in the trace, we get

βh
Λ

µ
−

[
Λ

µR0
(βh +

Aσ

κξ
)

]
− ξ (4)

Equation (4) needs to be negative for us to get negative eigen values, since all
the other parameters are negative, we find conditions that make Equation (5)
negative

βh
Λ

µ
−

Λ

µR0
βh (5)

This is only true if Ro < 1, and therefore the disease free equilibrium is locally
asymptotically stable.

3.3. Global Stability of Disease Free Equilibrium

We use the Castillo-Chavez theorem [10] to investigate the global asymptotic
stability of the disease free state. We therefore rewrite system (2) in the form

dX

dt
= H(X,Z)

dZ

dt
= G(X,Z), G(X, 0) = 0

where X = (S) and Z = (I,B). Here the components of X ∈ R denote
the uninfected individuals and the components of Z ∈ R denote the infected
individuals. The disease free equilibrium of the system now becomes E0 =
(X∗, 0), X∗ = (Λ

µ
). To guarantee local asymptotic stability, the following two

conditions must be met.

1. dX
dt

= H(X, 0),X∗ is globally asymptotically stable(GAS)

2. G(X,Z) = PZ − Ĝ(X,Z), Ĝ(X,Z) ≥ 0 for (X,Z) ∈ Ω
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where P = DZG(X∗, 0) is an M matrix (the off diagonal elements of P are
nonnegative) and Ω is the region where the model makes biological sense. If
system (2) satisfies conditions 1 and 2 then the following theorem holds.

Theorem 2. The fixed point E0 = (X∗, 0) is a globally asymptotic stable
equilibrium of the system (2) provided that R0 < 1 and the assumptions 1 and
2 are satisfied.

Proof. Since X = (S) and Z = (I,B), then

H(X, 0) =
[
Λ− µS

]

G(X,Z) = = PZ − Ĝ(X,Z)

where

P =

[
βhS − (γ + µ+ δ) (βe − ρβe)

S
κ

σ −ξ

]

and

Ĝ(X,Z) =

[
(ρβhI
m+I

)SI + (βe − ρβe)
SB2

κ(κ+B)

0

]

Since 0 < ρ < 1, then Ĝ(X,Z) ≥ 0. The conditions 1 and 2 have been met and
therefore E0 is globally asymptotically stable.

4. Endemic Equilibrium

This a point where the disease spreads in the population. We denote our en-
demic equilibrium point as E∗ = (S∗, I∗, B∗).

Theorem 3. There exists a unique endemic equilibrium of system (2)
when R0 > 1.

Proof. We equate the right hand side of system (2) to zero to get.

B∗ =
σ

ξ
I∗ (6)

S∗ =
Λ

µ
−

(γ + µ+ δ)I∗

µ
(7)
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Substituting Equation (6) and (7) in second equation of system (2) gives us
I∗ = 0 and

AI∗3 +BI∗2 + CI∗ +D = 0 (8)

where

A = (ρ− 1)(γ + µ+ δ)βhσ,

B = (1− ρ)βhΛσ − (γ + µ+ δ)[(βe − ρβe)σ +mβhσ + βhκξ − ρβhκξ + µσ],

C = (βe − ρβe)Λσ + [mΛσ + Λκξ − ρΛκξ]βh

− (γ + µ+ δ)[m(βe − ρβe)σ +mβhκξ +mµσ + µκξ],

D = m(βe − ρβe)Λσ +mβhΛκξ −m(γ + µ+ δ)µκξ.

The endemic equilibrium of the system exists if the roots of Equation (8)
are real and positive. We use the Descartes rule of signs to determine if positive
real roots exist. Since the sign of A is negative and D is positive when R0 > 1,
there exists atleast one positive real root hence the endemic equilibrium exists.

Theorem 4. The endemic equilibrium (E∗) of system (2) is locally asymp-
totically stable when R0 > 1

Proof. The jacobian matrix evaluated at the endemic equilibrium point is
given by

J(E∗) =




−X − µ −Y −Z

X Y − (γ + µ+ δ) Z

0 σ −ξ




where

X =
(βe − ρβe)B

∗

κ+B∗
+ (βh −

ρβhI
∗

m+ I∗
)I∗

Y = [βh −
ρβhI

∗(2m+ I∗)

(m+ I∗)2
]S∗

Z =
(βe − ρβe)s

∗κ

(κ+B∗)2

The characteristic equation of the matrix will be

a0λ
3 + a1λ

2 + a2λ+ a3 = 0
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where

a0 = 1

a1 = −Y + (γ + µ+ δ) + ξ + (X + µ)

a2 = (X + µ)[−Y + (γ + µ+ δ) + ξ]− Y ξ + (γ + µ+ δ)ξ − σZ +XY

a3 = (X + µ)[−Y ξ + (γ + µ+ δ)ξ − σZ]−XσZ +XY ξ

For the Routh Hurwitz criterion [2] to be satisfied, a1 > 0, a2 > 0, a3 > 0 and
a1a2 − a3 > 0. At the endemic equilibrium the right hand side of the second
and third equation of system (2) becomes zero giving us

(γ + µ+ δ) = (βe − ρβe)
S∗σ

κξ + σI∗
+ (βh −

ρβhI
∗

m+ I∗
)S∗ (9)

From Equation(9) we can easily show that

−Y + (γ + µ+ δ) + ξ > 0 (10)

−Y ξ + (γ + µ+ δ)ξ − σZ > 0 (11)

Since all the other parameters are positive and equation (10) and (11) are also
positive, the conditions [2] hold and therefore the endemic equilibrium is locally
asymptotically stable.

5. Numerical Simulation

We carry out numerical simulations using the MATLAB software to illustrate
the behaviour of our system. The parameter values are given in Table 1.
From Equation (3) and when βh = 5 we compute R0 = 3.794 > 1.

When R0 > 1, the cholera free equilibrium becomes unstable and the en-
demic equilibrium becomes stable. Consequently, the endemic equilibrium is
asymptotically stable. Figure 1 shows that all solutions of S(t) and I(t) converge
to E∗ when R0 > 1 supporting Theorem 4.

Lack of media coverage about an outbreak of the disease causes the number
of infectives to first rise steadily as many people are not yet aware about the
outbreak and the preventive measures before it starts droping as the susceptibles
are depleted as shown in Figure 2.

In the presence of the media coverage the number of infectives decreases
sharply as many people are aware of the outbreak and take precautionary mea-
sures to prevent infection as shown in Figure 3.
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Parameter Value Source

Λ 9.6274 × 10−5/day [13]

µ 2.537 × 10−5/day [13]

βe 0.75/day Estimate

βh 1/day Varies

κ 106cells/ml [8]

γ 5people/day [9]

δ 4.0× 10−4/day [14]

m 0.00001 Varies

σ 10cells/ml-day [11]

ξ 0.23/day [14]

ρ 0.6 Varies

Table 1: Model Parameters and Values

When R0 < 1 and the media is very effective in reporting about the out-
break of the disease and the preventive measures, the infectious individuals are
eliminated faster from the population, while if there is ineffective or no media
coverage then the infection spreads for a longer time in the population as shown
in Figure 4.
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Figure 1: Numerical solutions when R0 > 1
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Figure 2: Cholera infectives in the absence of media coverage (m = 0
and ρ = 0)
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Figure 3: Cholera infectives in the presence of media coverage (m =
0.00001 and ρ = 0.6)
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Figure 4: Cholera infectives with different values of ρ
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6. Conclusion

In this paper, we formulated a mathematical model for cholera transmission
incorporating media coverage. We studied the stability of the disease free and
endemic equilibrium. The results of the disease free equilibrium showed that the
model is both locally and globally stable when R0 < 1, thus reducing R0 to less
than unity reduces the disease spread. Next we studied the endemic equilibrium
which we found to be asymptotically stable when R0 > 1. Numerical analysis
shows that in the presence of media coverage the disease dies out faster while
lack of effective media reporting on the presence of the disease and preventive
measures greatly increases the number of infectious people in the population
which is not favourable for the eradication of the disease. The model has not
carried out optimal control and cost effectiveness of different cholera interven-
tion strategies, which can be explored in future to find out which strategy is
the best in the control of the disease
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