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Abstract
In this paper, we have proposed an SEIV deterministic mathematical model to describe the

rabies transmission dynamics within household and stray dogs in the context of Nepal. Some
properties of the solution to the model including non-negativity, existence and stability of equilibri-
um points (rabies free and endemic both) are analyzed in this study.The expression for the value of
basic reproduction ratio (R0) is derived by using the next generation matrix approach. Sensitivity
analysis of R0 identifies that the transmission rate and the dog recruitment rate are the most
crucial parameters to target the reduction of R0. Numerical simulations of the model show that
only vaccination is not sufficient to eradicate dog rabies. Significant results have been observed
when both vaccination and sterilization of dogs are implememted for controlling the rabies among
household and stray dogs.
Subject Classification:[2020] 34A34; 92D25; 92D30.
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1 Introduction

Rabies is mostly caused by a bite from infected animals but occasionally by other form of contact.
It is a natural disease of dogs, cats, bats, raccoons, foxes skunks, wolves and other warm blooded
organisms [15]. After a human being is bitten by an infected animal, the virus enters the body, it
either migrates directly to the brain via the peripheral nervous system to replicate there or stay in
the muscles to replicate before migrating to the brain via muscular junctions. At this stage, the
virus cannot easily be detected within the host, but vaccination may be used to prevent the virus
from reaching the brain. Once the virus reaches the brain, it duplicates itself and it produces acute
inflammations of the brain, leading to coma and eventually death. Once the symptoms of rabies
have developed, its mortality rate is almost sure [20]. All species of mammals are susceptible to
rabies virus infection, but dogs remain the main carrier of rabies and are responsible for most of
the human rabies death world wise [6]

Various national, international and governmental organizations are involved in rabies control
and elimination in all over the world but we shall take it in the context of Nepal. The National
Zoonosis and Food Hygiene Research Center (NZFHRC) have contributed to rabies control by
vaccinating dogs. The Alliance Group for Rabies Control in Nepal has vaccinated more than
10,000 household and stray dogs [2].

The main intervention strategy in the dog rabies control blueprint is mass dog vaccination,
possibly complemented with dog population management measures. However, proper planning
and evaluation are equally crucial components of the blueprint. In the planning phase, information
should be gathered on the local rabies epidemiology and the extent of the dog population. Also,
awareness should be created and support elicited from both the local population and the relevant
governmental agencies. Once a programme is in place, the change in epidemiological, economic
and social impact of the disease needs to be monitored to evaluate the effectiveness of the program-
me. Reliable baseline data and effective rabies surveillance are inevitable to accomplish this goal
[10].
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Mathematical models have long been used to predict and understand the transmission dynamics
of the animal rabies [4]. Leung and Davis studied mathematically the rabies vaccination target for
stray dogs. They presented a method to estimate vaccination target for stray dogs when the dog
population is made up of stray, free-roaming and confined dogs [14]. Shigui Ruan has constructed
a SEIR model for the spread of rabies virus among dogs and from dogs to humans and used
rabies data in China from 1996 to 2010 for the estimations of parameter values [19]. Zhang et al.
proposed a deterministic model to study the transmission dynamics of rabies in China and explore
effective control and prevention measure [23]. Recently, Abdulmajid and Hassan formulated and
analyzed a delay differential equations model for assessing the effects of controls and time delay
as incubation period on the transmission dynamics of rabies in human and dog population[1].

2 Mathematical Model

In our proposed SEIV deterministic model, the total population N (t) of dogs is divided into four
mutually exclusive compartments : susceptible class S , exposed class E, infected class I and
vaccinated class V . Thus, we have N (t) = S (t) + E (t) + I (t) + V (t) . It is assumed that only
susceptible dogs may get vaccinated. For simplicity, per-capita birth and death rates are supposed
to be constant throughout the study. The model is the modification of the model given by Eze et
al. [12] by incorporating the vaccine inefficiency rate (σ) for the dog population.

The compartmental diagram of the proposed model is shown in Figure 1.The mathematical
model describing the transmission dynamics of rabies within dogs is governed by the following set
of differential equations:

(2.1)

dS (t)
dt

= Λ − βS (t) I (t) − (α + µ) S (t)

dE (t)
dt

= βS (t) I (t) + σβV (t) I (t) − (γ + µ) E (t)

dI (t)
dt

= γE (t) − (δ + µ) I (t)

dV (t)
dt

= αS (t) − σβV (t) − µV (t)


with initial conditions: S (0) = S 0 > 0, E (0) = E0 ≥ 0, I (0) = I0 ≥ 0,V (0) = V0 ≥ 0
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Fig. 1: Compartmental diagram of the proposed model
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Tab. 5: Description of parameters and their values used in the model.

Parameter & Value Description Source
Λ = 400, 000 Recruitment rate of dog [13]
β = 2.74 × 10−5 Transmission rate from dog to dog [16]
α = 0.03 Dog vaccination rate [16]
γ = 2 Dog moving rate from exposed to infected [21]
δ = 36.5 Dog mortality rate due to rabies [14]
µ = 0.2 Natural death rate of dog [14]
σ = 0.08 Vaccine inefficiency rate [9]

3 Basic Properties and Existence of Equilibria

To analyze the model, we discuss various properties including the non-negativity and boundedness
of the solution set. We compute the equilibrium points and discuss the stability. Again, we find the
expression for the basic reproduction ratio of the model (2.1).

3.1 Non-Negativity of the Model

Theorem 3.1. If S 0 > 0, E0 ≥ 0, I0 ≥ 0 and V0 ≥ 0, then the solutions of the model (2.1) remain
non-negative for all t ≥ 0.

Proof. Let t1 = sup {t > 0 : S (t) > 0, E (t) ≥ 0, I (t) ≥ 0,V (t) ≥ 0} .
From first equation of the system (2.1), we can write

dS (t)
dt

+
[
βI (t) + (α + µ)

]
S (t) = Λ

Multiplying by integrating factor exp
{
(α + µ) t + β

∫ t
0 I (τ) dτ

}
, we get

d
dt

[
S (t) exp

{
(α + µ) t + β

∫ t

0
I (τ) dτ

}]
= Λexp

{
(α + µ) t + β

∫ t

0
I (τ) dτ

}
Integrating it from 0 to t1, we have

S (t1) exp
{

(α + µ) t1 + β

∫ t1

0
I (τ) dτ

}
=

∫ t1

0
Λexp

{
(α + µ) y + β

∫ y

0
I (τ) dτ

}
dy + S (0)

S (t1) =

[
S (0) + Λ

∫ t1

0
exp

{
(α + µ) y + β

∫ y

0
I (τ) dτ

}
dy

]
exp

{
− (α + µ) t1 − β

∫ t1

0
I (τ) dτ

}
> 0

which implies that S (t) > 0
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From second equation of system (2.1) , we have

dE (t)
dt

≥ − (γ + µ) E (t)

which implies that E (t1) ≥ E (0) exp
[
− (γ + µ) t1

]
> 0

Similarly, from third equation of system (2.1) , we have

dI (t)
dt
≥ − (δ + µ) I (t)

which implies that I (t1) ≥ I (0) exp
[
− (δ + µ) t1

]
> 0

Similarly, from fourth equation of system (2.1) , we have

dV (t)
dt

≥ −
[
σβI (t) + µ

]
V (t)

which implies that

V (t1) ≥ V (0) exp
[
−

{
µt1 + σβ

∫ t1

0
I (τ) dτ

}]
> 0

Thus, we have S (t) > 0, E (t) > 0, I (t) > 0 and V (t) > 0 ∀t ≥ 0.
�

3.2 Boundedness Analysis

Theorem 3.2. All the solutions of the proposed model with non-negative initial conditions are
bounded for all time. The feasible region Ω of the model (2.1) is defined by
Ω =

{
(S , E, I,V) ∈ R4

+ : 0 ≤ N ≤ Λ
µ

}
with initial conditions S (0) > 0, E(0) ≥ 0, I(0) ≥ 0,V(0) ≥ 0,

is positively invariant.

Proof. Using N (t) = S (t) + E (t) + I (t) + V (t), we have

dN
dt

=
dS
dt

+
dE
dt

+
dI
dt

+
dV
dt

= Λ − µN − δI

Solving this equation with initial condition N(0) = N0 at t = 0, we get

N (t) ≤
Λ

µ
+ e−µt

(
N0 −

Λ

µ

)
Taking limit as t → ∞, we find N (t) ≤ Λ

µ

∴ S (t) + E (t) + I (t) + V (t) ≤
Λ

µ

Hence, all the solutions of the model (2.1) are bounded and feasible region for the model is
Ω =

{
(S , E, I,V) ∈ R4

+ : 0 ≤ N ≤ Λ
µ

}
, which is positively invariant. �
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3.3 Rabies-Free Equilibrium and Basic Reproduction Ratio

3.3.1 Rabies-Free Equilibrium Point

The rabies-free equilibrium point E0 of the model (2.1) is obtained by equating all the derivatives
to zero with I = 0.

Thus, we have

dS
dt = 0, dE

dt = 0, dI
dt = 0 and dV

dt = 0

Solving these equations, we get rabies-free equilibrium point as

E0 (S 0, E0, I0,V0) =

(
Λ

α + µ
, 0, 0,

αΛ

µ (α + µ)

)
.

3.3.2 Basic Reproduction Ratio

We apply next generation matrix approach to derive expression for R0 [11]. According to this
approach, we take two matrices T and W. The elements of the matrix T constitute the new
infectious that will arise, while that of matrix W constitute the transfer of infectious from one
compartment to another. R0 is a dominant eigen value of the matrix K = TW−1.

The infection compartments are E and I only. So, we take only second and third equations of

the model (2.1) for computing the value of R0. Let X =

(
E
I

)
, then the system can be written as

dX
dt

=

[
−µ − γ βS + σβV
γ −µ − δ

] [
E
I

]
=

[
0 βS + σβV
0 0

] [
E
I

]
−

[
µ + γ 0
−γ µ + δ

] [
E
I

]
= T (X) −W (X)

Linearizing about the rabies-free equilibrium E0

(
Λ
α+µ

, 0, 0, αΛ
µ(α+µ)

)
and separating new infectious

T from other transitions W, we get

T (E0) =

[
0 βS 0 + σβV0
0 0

]
and W (E0) =

[
µ + γ 0
−γ µ + δ

]
Thus, we have

TW−1 =

[
βγ(S 0+σV0)
(µ+γ)(µ+δ)

β(S 0+σV0)
(µ+δ)

0 0

]
According to next generation matrix approach, the basic reproduction ratio is the spectral

radius of TW−1, denoted by ρ
(
TW−1

)
and is given by

R0 =
βγ (S 0 + σV0)
(µ + γ) (µ + δ)

=
βγΛ (µ + ασ)

µ (µ + γ) (µ + δ) (µ + α)

The term R0 is applied to measure the transmission potential of the rabies.

3.4 Endemic Equilibrium

Now, we investigate the existence of endemic equilibrium when R0 > 1 and test its uniqueness.



168 Kunwar and Verma: Mathematical Analysis of Rabies Transmission Dynamics in Nepal

Let E∗ = (S ∗, E∗, I∗,V∗) be the endemic equilibrium point of the model (2.1). Then, it is
obtained by setting all the derivatives of the model (2.1) to zero and I∗ , 0.

Thus, we have

(3.1)

Λ − βS ∗I∗ − (α + µ) S ∗ = 0
βS ∗I∗ + σβV∗I∗ − (γ + µ) E∗ = 0

γE∗ − (δ + µ) I∗ = 0
αS ∗ − σβV∗I∗ − µV∗ = 0


Solving first three equations in terms of I∗ and then substituting in the fourth equation, we get

the endemic- equilibrium point as

E∗ (S ∗, E∗, I∗,V∗) = E∗
(

Λ

βI∗ + a1
,

a3

γ
I∗, I∗,

αΛ

(σβI∗ + µ) (βI∗ + a1)

)
.

For uniqueness of this endemic equilibrium point, we substitute the values of S ∗, E∗ and V∗ in
second equation of (3.1) to get

a2a3σβ
2I∗2 − β {βγσΛ + a2a3 (σa1 + µ)} I∗ + µa1a2a3 (1 − R0) = 0

(3.2) C2I∗2 −C1I∗ + C0 = 0

where C0 = µa1a2a3 (1 − R0) ,C1 = β {βγσΛ + a2a3 (σa1 + µ)} ,C2 = a2a3σβ
2.

The above quadratic equation (3.2) in I∗ yields two roots as

I∗ =
1

2C2

{
C1 ±

√
C2

1 − 4C2 ×C0

}
Here, the values of both C1 and C2 are always positive. For R0 > 1,C0 = µa1a2a3 (1 − R0)

has negative value, and in such case, C2
1 − 4C2 × C0 is always positive and greater than C2

1 . If we
denote this value by C2

3, then we have C2
3 = C2

1 − 4C2 ×C0 > C2
1 which implies that C3 > C1.

I∗ =
1

2C2

{
C1 ±

√
C2

1 − 4C2 ×C0

}
=

1
2C2

(C1 ±C3)

∴ I∗ =
1

2C2
(C1 + C3) > 0 & I∗ =

1
2C2

(C1 −C3) < 0

Among two solutions of I∗ of equation (3.2) only one is positive (other negative). Hence, we
get a unique positive value of I∗ when R0 > 1. Consequently, if R0 > 1, there exists a unique
endemic equilibrium point E∗.

3.5 Stability Analysis of Rabies-Free Equilibrium

Theorem 3.3. The rabies-free equilibrium point E0 is locally asymptotically stable if R0 < 1 and
unstable if R0 > 1.

Proof. The Jacobian matrix of the system (2.1) is

J =


−βI − (α + µ) 0 −βS 0

βI − (γ + µ) β (S + σV) σβI
0 γ − (δ + µ) 0
α 0 −σβV − (σβI + µ)
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∴ The Jacobian matrix at E0 is given by

J (E0) =


− (α + µ) 0 −βS 0 0

0 − (γ + µ) β (S 0 + σV0) 0
0 γ − (δ + µ) 0
α 0 −σβV0 −µ


=


−a1 0 −βS 0 0

0 −a2 β (S 0 + σV0) 0
0 γ −a3 0
α 0 −σβV0 −µ


where a1 = (α + µ) , a2 = (γ + µ) and a3 = (δ + µ).

The characteristic equation of the matrix J (E0) is given by

(µ + λ) (a1 + λ)
{
λ2 + (a2 + a3) λ + a2a3 (1 − R0)

}
= 0

where λ denotes the eigen values.
Clearly, two eigen values λ1 = −µ < 0 and λ2 = −a1 = − (α + µ} < 0 are negatives. The

remaining two eigen values are obtained by solving quadratic equation

λ2 + (a2 + a3) λ + a2a3 (1 − R0) = 0

This equation yields the two roots (eigen values) as follows:

λ =
− (a2 + a3) ±

√
(a2 + a3)2 − 4a2a3 (1 − R0)

2

When R0 < 1, we get
√

(a2 + a3)2 − 4a2a3 (1 − R0) = q < (a2 + a3) . So, the third and fourth
eigen values will be λ3 = 1

2 {− (a2 + a3) + q} < 0 and λ4 = 1
2 {− (a2 + a3) − q} < 0. We find that,

when R0 < 1, all the four eigen-values will be negative. Therefore, the rabies-free equilibrium
point E0 will be locally asymptotically stable when R0 < 1. Again, when R0 > 1, we have λ3 > 0
and λ4 < 0, so the rabies-free equilibrium E0 is locally asymptotically unstable, when R0 > 1. �

3.6 Stability Analysis of Endemic Equilibrium

Theorem 3.4. The endemic equilibrium point E∗ of system (2.1) is locally asymptotically stable
provided that R0 > 1 and restrictions (3.3) are satisfied.

Proof. The Jacobian matrix of system (2.1) at E∗ is given by

J (E∗) =


−βI∗ − (α + µ) 0 −βS ∗ 0

βI∗ − (γ + µ) β (S ∗ + σV∗) σβI∗
0 γ − (δ + µ) 0
α 0 −σβV∗ − (σβI∗ + µ)


=


J11 0 J13 0
J21 J22 J23 J24
0 J32 J33 0

J41 0 J43 J44
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Using the notation Ri =
∑4

j=1, j,i

∣∣∣Ji j

∣∣∣ , for each row i = 1, 2, 3, 4, we have

R1 =

4∑
j=1, j,1

∣∣∣Ji j

∣∣∣ = |J12| + |J13| + |J14| = βS ∗

R2 =

4∑
j=1, j,2

∣∣∣Ji j

∣∣∣ = |J21| + |J23| + |J24| = β {(1 + σ) I∗ + S ∗ + σV∗}

R3 =

4∑
j=1, j,3

∣∣∣Ji j

∣∣∣ = |J31| + |J32| + |J34| = γ

R4 =

4∑
j=1, j,4

∣∣∣Ji j

∣∣∣ = |J41| + |J42| + |J43| = α + σβV∗

For the first hypothesis of the Gershgarin stability theorem [5], the system must satisfy the
condition Jii < 0 ∀i. It is observed that the condition is satisfied.

Again, the second hypothesis of the theorem, Ri < |Jii| for i = 1, 2, 3, 4, is satisfied if the
following inequalities hold.

(3.3)

βS ∗ < βI∗ + (α + µ)
β {(1 + σ) I∗ + S ∗ + σV∗} < (γ + µ)

γ < δ + µ

α + σβV∗ < σβI∗ + µ


Consequently, the endemic equilibrium point E∗ is locally asymptotically stable when inequality

(3.3) is satisfied by the system. �

4 Numerical Simulation

For numerical simulations, we use parameter values that are mostly from published literature
associated with the rabies in the context of Nepal [17]. We set beginning of the year 2014 as
the initial time of our model dynamics. There are approximately 2 million dogs in Nepal [10].
As we do not have dog vaccination data available for the year of 2014, we assume that about
20%

(
i.e. 4 × 105

)
of dog population were vaccinated in 2014. In addition, for our base case to be

consistent with the actual data, we assume that about 0.85%
(
i.e. 17 × 103

)
dogs were exposed to

rabies and 0.01% dogs (200) were infected by rabies. According to the study of Leung and Davis,
most of the stray dogs in Nepal live for less than 3 years due to poor environmental conditions [14].
So, we take average life expectancy for all dogs in our model as 5 years, implying the natural death
rate of a dog as µ = 1/5 = 0.5 dogs per year. We assume the steady state level before the epidemic
begins for both dogs so that we have Λ − µN (0) = 0 and so Λ = µN (0) . Thus, recruitment rate
for dog population is Λ = 0.2 × N (0) dogs per year. For numerical simulation, we take the initial
condition as; S (0) = 1, 589, 800, E (0) = 17, 000, I (0) = 200 and V (0) = 393, 000.

4.1 Sensitivity Analysis

Using the baseline parameter values listed in the Table 5, the basic reproduction ratio is calculated
as R0 = 1.1946. The normalized forward sensitivity index of R0 with respect to each of the
parameter p involved in R0, denoted by CR0

p , is defined as follows [7]:

CR0
p =

p
R0
×
∂R0

∂p
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Fig. 2: Sensitivity indices of R0, using the parameter values from Table 5.

Fig. 3: Comparison between reported data and numerically simulated data of system (2.1) for
rabies exposed and infected population of dogs for Nepal from 2014 to 2018, using
parameter values from Table 5

Normalized sensitivity indices of R0 with respect to parameters are in the Table 6. To specify
the effect of changing parameter values on R0, the value of each parameter is increased and
decreased by 10 % and consequences on R0 are displayed in the Table 7.

Tab. 6: Sensitivity indices of basic reproduction ratio R0.
Parameter α β γ δ Λ µ σ

Sensitivity Index -0.1186 1 0.0909 -0.9946 1 -0.1069 0.0119

Bar plot in Figure 2 shows the normalized sensitivity indices of R0 related to the parameters for
the rabies model, evaluated at the baseline parameter values given in Table 5. The most sensitive
parameters are the transmission rate (β) and dog recruitment rate (Λ) of the susceptible dogs. The
least sensitive parameter is the anti-rabies vaccine inefficiency rate (σ). In general, from the bar
plot in Figure 2, parameters that have positive sensitivity indices, namely β,Λ, γ, σ have positive
impact on R0 in the condition that the other parameters remain constant. Whereas increase of
parameters whose sensitivity indices are negative, δ, α, µ, have negative impact on R0, minimizing
the effect of spread of disease.
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Fig. 4: Numerical simulations displaying the transmission dynamics of rabies in infected dogs for
the next 30 years in Nepal, using parameter values from Table 5.

Fig. 5: Numerical simulations displaying the impact of dog sterilization, taking different values
of annual new birth of dogs (Λ), Λ = 4 × 105,Λ = 3.5 × 105,Λ = 3 × 105,Λ = 2.5 × 105

using other parameter values from Table 5.
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Fig. 6: Numerical simulations displaying the impact of different level of vaccination coverage of
dogs in Nepal for next 30 years of period, taking vaccination percentage 0%, 3%, 5% and
10%, using other values of parameters from Table 5.

Fig. 7: Numerical simulations displaying the impact of different combination of interventions of
rabies in Nepal for next 30 years of period, taking α = 10%, and Λ = 2.5 × 105, using
other parameter values from Table 5 except for Λ and α .

5 Results and Discussion

Figure 3 shows the total estimated from the model (2.1) and observed number of rabies exposed
and infected dogs in Nepal from 2014 to 2018. The predicted number of infected cases is all in
very good agreement with the observed data. They perfectly match the actual data during initial
and terminal period while they tend to slightly underestimate exposed cases and overestimate the
infected cases the observed values at the middle of the duration. Overall, our numerical results
demonstrate the capability of the proposed model in achieving an excellent prediction skill.

In Figure 4, numerical result of infected dog population shows that the rabies virus will spread
very rapidly in the coming years and it will peak in 2023. The bite of rabid dog is the main reason
for the transmission of rabies.

5.1 Impact of Dog Sterilization

The annual dog birth rate is one of the sensitive parameters which control the dynamics of the
disease. A minor increase in newly born puppies’ increases animals’ infection and vice versa. The
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Tab. 7: Effect of change in parameter (p) values on R0.

Parameter α β γ δ Λ µ σ
R0 for p + 10% 1.1806 1.2948 1.2045 1.0865 1.3140 1.0873 1.1960
R0 for p − 10% 1.2089 1.0594 1.1826 1.3265 1.0751 1.3228 1.1931

sterilization does not remove directly the current dog population or block the infection; it rather
controls fertility of the dogs. Fertility control has long been considered important tools for reducing
transmission of some density dependent pathogens, although lethal management techniques are
controversial among many stakeholders [18].We have taken the recruitment rate as Λ = µ × N,
where N is the total number of dogs and µ represents the per capita birth rate. If k represents the
sterilization rate which reduces the recruitment growth rate as Λ = (µ − k) × N. Using this new
growth rate, dog population at time t is obtained as N (t) = N (0) e(µ−k)t. This implies that the
implementation of the dog sterilization program to reduce the dog recruitment by θ % in period of
t years, the sterilization rate should be k = µ − ln (1 − θ) /t, we defined θ as the t-year sterilization
strength.

Figure 5 shows infectious dog population verses time for different values of the annual birth
of the dogs due to the different dog sterilization strength. The trend suggests that applying strategy
to control the annul birth of new born puppies with the implementation of the proper sterilization
strength; number of rabies infection cases reduces significantly.

5.2 Impact of Dog Vaccination

Figure 6 demonstrates that rabies cases increase rapidly in dog population for coming nine years
and will peak in 2023. By the increment of 5% vaccination coverage in the stray dog population,
the number of rabies infection cases predicted to decrease about half of number by 2023. With
each increase in the 5% of vaccination coverage the total impact in term of reductions of rabies
infected cases gets smaller. The prediction shows that even 10% vaccination coverage does not
lead to the elimination of the rabies among dogs completely immediately. Stray dogs are typically
wary of humans such that they cannot be held, and so vaccination of these of these dogs needs
to be achieved either by physically capturing the dogs or by distributing oral baits [22]. In either
case, searching a sufficiently high vaccination coverage of the whole dog population becomes
a more difficult and costly endeavour. Another contributing factor is success of the vaccination
program is the relationship that dogs share with the humans they live with some owned dogs are
fully confined and others partially free-roaming [2]. For this reason, we recommend that reducing
rabies transmission in the stray dog population is the best method for controlling the transmission
in the animals including dogs.

5.3 Impact of combinations of Interventions

Figure 7 shows that when there is no intervention, number of exposed and infected dog population
is increasing rapidly for about nine years and then slightly decreases. This is because when infected
dogs bite another dogs, the bitten dogs converted into exposed dogs. So, the number of exposed
dogs increases and ultimately after sometimes they become infectious dogs. Also, the number of
exposed dog is decreasing and that of infected dogs are decreasing. But after some times, infected
dogs begin to die as there is no treatment of rabies for dogs. Consequently, the number of infected
dogs begins to decrease. When the interventions are implemented, the graph illustrates that the
number of exposed and infected dogs decreases rapidly. It is also noticed that implementation of
both vaccination and birth control by sterilization of dogs is more effective than using only one
mode of intervention either vaccination or sterilization.

6 Conclusion

We have analyzed rabies transmission dynamics model for dog population by incorporating two
control strategies; one vaccination and other sterilization of dog. Basic properties of the model
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are established and it is found that the model is well-posed mathematically and biologically. It is
concluded that administrating vaccination at the rate of 10% per annum on the susceptible dogs can
eradicate rabies among dogs in about 10 years. Significant results have been observed when both
interventions (vaccination and sterilization) are implemented on controlling rabies among dogs.
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