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Abstract: In this study, a vector-borne epidemic model with multi-edge infection on complex networks is
built. Using the method of next-generation matrix, the basic reproduction number R0 is calculated, and if

<R 10 , the disease-free equilibrium E0 is globally asymptotically stable; if >R 10 , there exists a unique
endemic equilibrium ( )= …

∗ ∗ ∗ ∗i i i i, , , n1 2 that is globally attractive. Moreover, three control strategies are
proposed to control the spread of infectious diseases. Finally, some numerical simulations are given to
illustrate our theoretical results.
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1 Introduction

Vector-borne disease is a kind of disease that spreads pathogens to people through animals (e.g., mosqui-
toes and fleas). Common vector-borne infectious diseases include avian influenza, malaria, plague,
Japanese encephalitis, rabies, schistosomiasis, etc. A vector-borne disease model was built by Cooke [1]
for the first time. Subsequently, this model was extended and modified by Marcati and Pozio [2], Volz [3],
Beretta [4–6], and Busenberg and Cooke [7]. Some traditional models consider only the propagation of
vector-borne disease in homogeneous mixing models. These models [8–11] ignore the influence of popula-
tion structure on the transmission of infectious diseases, which is inconsistent with reality [12]. Actually,
population structure, personal behavior, geographical distance, and contact patterns may lead to diversity.
Therefore, it is more practical to study the spread of infectious diseases on complex networks. Pastor-
Satorras and Vespignani [13,14] established an infectious disease model on complex networks and obtained
the infection threshold, which is important for persistence, but they also found that there may be no
infection threshold on scale-free networks, which is a very interesting phenomenon. Then, they considered
immunization on complex networks. Their results laid the foundation for the future study of the spread
of infectious diseases on complex networks.

In recent years, the study of the spread of infectious disease on complex networks has attracted wide
attention [15–21]. Two edge-based epidemic models are proposed on heterogeneous networks [22,23]. Wei
et al. [24] and Guo et al. [25] studied the coupled epidemic model in two-layered interconnected network.
Wang et al. [26] and Bodó and Simon [27] studied the epidemic model on adaptive networks. Wang et al. [17],
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Wang et al. [28], and Zhu et al. [29] studied three SIS epidemic models on complex networks. Lately, the
model with vector-borne were studied widely on networks [30–34]. But most models ignored the assumption
that the infection rates of multi-edge interfere with one another in complex networks, especially for the
vector-borne diseases. Hence, few people pay attention to the vector-borne disease with multi-edge infection
on complex networks. Therefore, this article considers a new SIS-SI epidemic model (vector-borne disease
model) in complex networks under the assumption that the infection rates ofmultiple edges interfere with one
another. When =k 1, our model becomes the model of reference [28]. The method and conclusion used in this
article are generalizations of the study by Wang et al. [28]. Such an approach may provide new insights into
the construction of other similar epidemic spreading models on complex networks, such as SIR and SEIR
models with a vector.

The objectives of this article are as follows. First, a vector-borne model with multi-edge infection on
complex networks is built. Second, using the concepts of next-generation matrix, the basic reproduction
number R0 is calculated. In addition, some conditions for the existence and stability of the disease-free
equilibrium and the endemic equilibrium are given. Third, control strategies are proposed to control
the transmission of infectious diseases. Finally, some numerical simulations are implemented to illustrate
the theoretical results.

The rest of the article is organized as follows: in Section 2, a vector-borne model with multi-edge
infection on complex networks is built; in Section 3, dynamics analysis is discussed, containing the basic
reproduction number and the existence and stability of the disease-free equilibrium and the endemic
equilibrium; in Section 4, three control strategies are proposed; in Section 5, some numerical simulations
are implemented to support the theoretical prediction; in Section 6, conclusions are given.

2 Model derivation

In [28], by the mean-field method, they proposed the following SIS–SIS model with vector-borne on
complex networks:
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where ( )S tk and ( )I tk denote the number of susceptible and infective nodes of degree k at time t, respec-
tively. ( )S tM and ( )I tM denote the number of susceptible and infective female mosquitoes at time t . r1 is the
transmission rate from infected humans to susceptible humans. r2 is the transmission rate from infected
mosquitoes to susceptible humans. ν represents the probability that an infected individual is cured and
becomes susceptible. r3 denotes the transmission rate from infected humans to susceptible mosquitoes
through biting. μ is recover rate of female mosquitoes.

Let Sk and Ik denote susceptible and infected individuals with degree = …k k n, 1, 2, , , respectively. If S2

is a susceptible individual with two neighbor, and if we suppose that two adjacent nodes are infected
nodes, then the probability of S2 being infected is ( )− − r1 1 1

2, where r1 represents the infection rate and
< <r0 11 . S3 is a susceptible individual with three neighbor, and if we also suppose that three adjacent

nodes are infected nodes, then the probability of S3 being infected is ( )− − r1 1 1
3. As a result, we obtain that

the probability of Sk being infected is ( )− − r1 1 k
1 .

Now we consider the spread of infectious diseases in heterogeneous networks. Let ( )P k be a degree
distribution, = …k n1, 2, , . ( ∣ )′P k k be the probability that any node with degree k points to an node of
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degree ′k . Denote = +N S Ik k k as the number of nodes with degree k. Then, ( ( )) ( ∣ )= = ∑ ′
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describes the probability that any node with degree k is connected to the infection node of degree ′k . Using
the above method, we obtain that the probability of Sk being infected is ( ( ( )))− − r I t1 1 Θ k

1 . Motivated by
system (1), the following vector-borne infectious disease model with multi-edge infection is established:
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where μ is the birth (death) rate of female mosquitoes. ( ) ( ) ( ) ( ) ( )= ∑ = + = ∑
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Generally, the mosquito population is huge, so the number of infected mosquitoes depends on the
number of infected people. We further suppose that the number of infected mosquitoes is proportional
to the number of infected people [1,35]. Let ( ) ( )=i t αi tM , where α is the scale factor. Then, equation (2)
is further simplified as follows:

( )
[ ( ( ( ))) ]( ( )) ( ( )) ( ) ( )= − − − + − −

i t
t

β θ i t i t β i t i t νi td
d

1 1 1 1 ,k k
k k k1 4 (4)

where =β αβ4 2.

3 Dynamical analysis

In this section, we will study the dynamics of the new proposed system (4).

3.1 Basic reproduction number
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Proof. Obviously, there is a unique disease-free equilibrium ( )= …E 0, 0, ,00 for system (4). In the fol-
lowing, we use the method proposed by van den Driessche andWatmough [36] (the next generation matrix)
to compute the basic reproduction number, ( )=

−R ρ FV0
1 . The matrices F and V are denoted as follows:
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3.2 The stability for E0

In this part, we first provide a lemma.
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Therefore, any solution, starting in ∂ ⋃ ∂Φ Φn n
1 2, remains inside Φn, i.e., Φn is a positively invariant set of

the system (4). □

Let ( )= …i i i i, , , n1 2 be a solution of system (4), then system (4) can be written as the compact vector
form as follows:
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where = −A F V , Ai is the linear part, and ( ) ≤N i 0 is the nonlinear part.
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Theorem 3.3. If <R 10 , the disease-free equilibrium E0 is globally asymptotically stable; otherwise, there
at least exists a positive constant solution ( )∈ − …

∗i D 0, 0, ,0 .

Proof.We will prove that system (6) satisfies all the conditions of Lemma 3.1. Let =D Φn, then condition ( )1
of Lemma 3.1 is satisfied. Obviously, the condition ( )2 of Lemma 3.1 is satisfied.

Note that AT is irreducible, and ≥a 0ij is non-diagonal element. It is known from the study by Varga

[40] that there exists an eigenvector ( )= … >w w w w, , , 0n
T

1 2 . If we choose { }= ≤ ≤w wmin k n k0 1 , then for any
( )= … ∈i i i i, , , Φn n1 2 , we obtain

⎜ ⎟ ⎜ ⎟( )
⎛

⎝

⎞

⎠

⎛

⎝

⎞

⎠

∑ ∑⋅ ≥ ≥

= =

w i w i w i ,
k

n

k
k

n

k0
1

0
1

2

1
2

namely, ( )⋅ ≥ ‖ ‖w i w i0 for all ∈i Φn. Condition ( )3 is satisfied.
Because

( ( ( ))) ( ( )) ( )∑− − ≤ − ≤

=

−

−C β θ i t kβ θ i t i t, 1 1,
j

k

k
j k j

k
0

1

1 1

( ( ( ))) ( ( )) ( ( ))∑− − − ≤

=

−

−C β θ i t i t kβ θ i t1 .
j

k

k
j k j

k
0

1

1 1

Since

( ) ( ) ( )∑− ≤

=

β i t P l i t 0,k
l

n

l4
1

we can have ( ) ≤N i 0. Condition ( )4 is satisfied.
Let { ∣ ( ) }= ∈ ⋅ =H i w N iΦ 0n . Because >w 0 and ( ) ≤N i 0, then for any ∈i Φn, we obtain ( ) =N i 0,

namely,

⎡

⎣
⎢ ( ( ( ))) ( ( )) ( ( )) ( ) ( ) ( ) ( )

⎤

⎦
⎥∑ ∑− − − − − =

=

−

−

=

C β θ i t i t β kθ i t i t β i t P l i t w1 0.
j

k

k
j k j

k k k
l

n

l k
0

2

1 1 4
1

Since >w 0k and

( ( ( ))) ( ( )) ( ( )) ( ) ( ) ( ) ( )∑ ∑− − − ≤ − ≤ − ≤

=

−

−

=

C β θ i t i t β kθ i t i t β i t P l i t1 0, 0, 0.
j

k

k
j k j

k k k
l

n

l
0

2

1 1 4
1

We obtain that ( ) =N i 0 if and only if =i 0k , namely, ( )= …i 0, 0, ,0 . So condition ( )5 is satisfied.
Hence, all conditions of Lemma (3.1) are satisfied, and if <R 10 , the disease-free equilibrium E0 is globally

asymptotically stable; otherwise, there at least exists a positive constant solution ( )∈ − …
∗i D 0, 0, ,0 . □

3.3 The uniqueness of endemic equilibrium

Theorem 3.4. If >R 10 , there exists a unique endemic equilibrium ( )= …
∗ ∗ ∗ ∗i i i i, , , n1 2 for system (4).

Proof. By Theorem 3.3, there at least exists a endemic equilibrium ( )= …
∗ ∗ ∗ ∗i i i i, , , n1 2 for system (4). Suppose

( )= …
∗ ∗ ∗ ∗z z z z, , , n1 2 is another endemic equilibrium and ≠

∗ ∗i z , then there exists = …k n1, 2, ,0 such that
≠

∗ ∗i zk k0 0
. Without loss of generality, we assume that >

∗ ∗i zk k0 0
and

⎧

⎨
⎩

⎫

⎬
⎭

=

∗

∗
≤ ≤

∗

∗

i
z

i
z

max .k

k k n
k

k1
0

0
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Since ∗i and ∗z are two positive equilibrium points of system (4), we have

( ( )) ( )[ ]( ) ( )∑− − − + − − =
∗ ∗ ∗

=

∗ ∗β θ i i β i P k i νi1 1 1 1 0k
k k

k

n

k k1 4
1

0
0 0 0 (7)

and

( ( )) ( )[ ]( ) ( )∑− − − + − − =
∗ ∗ ∗

=

∗ ∗β θ z z β z P k z νz1 1 1 1 0,k
k k

k

n

k k1 4
1

0
0 0 0 (8)

namely,

( ( )) ( )

( ( )) ( )

[ ]( ) ( )

[ ]( ) ( )

∑

∑

− − − + −

= − − − + −

∗ ∗ ∗

=

∗

∗ ∗

∗

∗

∗

=

∗

∗

∗

β θ i i β i P k i

β θ z z
i
z

β z P k z
i
z

1 1 1 1

1 1 1 1 .

k
k k

k

n

k

k
k

k

k
k

k

n

k
k

k

1 4
1

1 4
1

0
0 0

0
0

0

0
0

0

0

(9)

Two possibilities are considered.

Case ( )a : If ( ) ( )=
∗ ∗θ i θ z . Because ≤

∗ ∗

∗

∗
i zk

i
z k
k

k

0

0
and − < −

∗ ∗i z1 1k k0 0
, by equations (7) and (8), we have

( ( )) ( )

( ( )) ( )

[ ]( ) ( )

[ ]( ) ( )

∑

∑

− − − + −

< − − − + −

∗ ∗ ∗

=

∗

∗ ∗

∗

∗

∗

=

∗

∗

∗

β θ i i β i P k i

β θ z z
i
z

β z P k z
i
z

1 1 1 1 ,

1 1 1 1 ,

k
k k

k

n

k

k
k

k

k
k

k

n

k
k

k

1 4
1

1 4
1

0
0 0

0
0

0

0
0

0

0

(10)

which is in contradiction with (9).
Case ( )b : If ( ) ( )≠

∗ ∗θ i θ z . Suppose ( ) ( )>
∗ ∗θ i θ z . We will prove

[ ( ( )) ] ( ( ))− − > − − = …
∗

∗

∗

∗β θ z
i
z

β θ i k n1 1 1 1 , 1, 2, , .k k

k

k
1 1

0

0

(11)

When =k 1, equation (11) holds. Assume that

[ ( ( )) ] ( ( ))− − > − −
∗ −

∗

∗

∗ −β θ z
i
z

β θ i1 1 1 1k k

k

k
1

1
1

10

0

(12)

holds. Then,

[ ( ( )) ] {( ( ))[ ( ( )) ] ( )}− − = − − − +
∗

∗

∗

∗ ∗ − ∗

∗

∗
β θ z

i
z

β θ z β θ z β θ z
i
z

1 1 1 1 1k k

k

k k

k
1 1 1

1
1

0

0

0

0

and

( ) ( ) ( ) ( )− > − >
∗ ∗ ∗

∗

∗

∗β θ z β θ i β θ z
i
z

β θ i1 1 , .k

k
1 1 1 1

0

0

Hence, equation (11) holds.
Especially, let =k k0, we can obtain

( ( )) ( ( ))[ ]− − > − −
∗

∗

∗

∗β θ z
i
z

β θ i1 1 1 1 .k k

k

k
1 10 0

0

0 (13)

By equations (7) and (8), we can obtain

( ( )) ( )

( ( )) ( )

[ ]( ) ( )

[ ]( ) ( )

∑

∑

− − − + −

< − − − + −

∗ ∗ ∗

=

∗

∗ ∗

∗

∗

∗

=

∗

∗

∗

β θ i i β i P k i

β θ z z
i
z

β z P k z
i
z

1 1 1 1

1 1 1 1 ,

k
k k

k

n

k

k
k

k

k
k

k

n

k
k

k

1 4
1

1 4
1

0
0 0

0
0

0

0
0

0

0

(14)

which is in contradiction with equation (9).
Therefore, if >R 10 , there exists a unique endemic equilibrium ( )= …

∗ ∗ ∗ ∗i i i i, , , n1 2 for system (4). □
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3.4 The global attractiveness of endemic equilibrium

Theorem 3.5. If >R 10 , the endemic equilibrium ( )= …
∗ ∗ ∗ ∗i i i i, , , n1 2 is globally attractive.

Proof. Define two functions

→ →G R g R: Φ , : Φ ,n n

where

( )
⎧

⎨
⎩

⎫

⎬
⎭

( )
⎧

⎨
⎩

⎫

⎬
⎭

= =

≤ ≤
∗

≤ ≤
∗

G i i
i

g i i
i

max , min ,
k n

k

k k n
k

k1 1

( )= …i i i i, , , n1 2 is a solution of system (4). Obviously, ( )G i and ( )g i are continuous, and the right-hand
derivative exists along solutions of (4).

Define

( )
( ( )) ( ( ))

′ =
+ −

→

G i G i t h G i t
h

limsup .
h 0

Assume that

( ( ))
( )

=
∗

G i t
i t

i
,k

k

0

0

then

( )

( )
( ( ( ))) ( )

( )
( ) ( ) ( )

( )
[ ]( ) ( )∑

′

= − − − + − −
∗

∗

=

∗

∗i
i t
i t

β θ i t i t
i

i t
β i t P k i t

i
i t

νi1 1 1 1 .k
k

k

k
k

k

k
k

k

n

k
k

k
k1 4

1
0

0

0

0
0

0

0
0

0

0
0

Suppose that ( ( )) ( )>
∗θ i t θ i , then ( ( )) >G i t 1.

Since

( )

( )
( ( ( ))) ( )

( )
( ) ( ) ( )

( )

( )
[ ( ( ))] ( ) ( ( ( ))) ( ) ( ) ( )

( )

[ ]( ) ( )

( ) ( )

∑

∑ ∑

′

= − − − + − −

= − − + − −

∗

∗

=

∗

∗

∗

=

−

=

∗

∗

i
i t
i t

β θ i t i t
i

i t
β i t P k i t

i
i t

νi

i
i t

β θ i t i t β θ i t β i t P k i t
i

i t
νi

1 1 1 1

1 1 1 ,

k
k

k

k
k

k

k
k

k

n

k
k

k
k

k

k
k

j

k
j

k
k

n

k
k

k
k

1 4
1

1
1

1

1 4
1

0
0

0

0
0

0

0
0

0

0
0

0

0
0

0

0
0

0
0

and

( )
( ( )) ( ) ( ) ( ( )) ( )< − < − − < −

∗

∗ ∗ ∗

i
i t

β θ i t β θ i i t i β θ i t β θ i, 1 1 , 1 1 .k

k
k k1 1 1 1

0

0
0 0

Then,

( )

( )
( ( )) ( )[ ]( ) ( )∑

′

< − − − + − − =
∗ ∗ ∗ ∗

=

∗ ∗i
i t
i t

β θ i i β i P k i νi1 1 1 1 0.k
k

k

k
k k

k

n

k k1 4
1

0
0

0

0
0 0 0

That is to say, ( ( ))′ <G i t 0. Similarly, we can obtain ( ( ))′ ≤G i t 0, if ( ( )) ( )=
∗θ i t θ i .

Suppose ( ( )) ( )<
∗θ i t θ i . By the above method, we have ( ( ))′ >g i t 0. If ( ( )) ( )=

∗θ i t θ i , then ( ( ))′ ≥g i t 0.
Define two functions

( ) { ( ) } ( ) { ( ) }= − = −U i G i u i g imax 1, 0 , max 1 , 0 .

Then, for any ∈i Φn, functions ( )U i and ( )u i are non-negative and continuous and

( ( )) ( ( ))′ ≤ ′ ≤U i t u i t0, 0.
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Denote

{ ∣ ( ) } { ∣ ( ) }= ∈ ′ = = ∈ ′ =V i U i V i u iΦ 0 , Φ 0 .U n u n

Then,

{ ∣ } { ∣ } {( )}= ∈ ≤ ≤ = ∈ ≤ ≤ ⋃ …
∗ ∗V i i i V i i iΦ 0 , Φ 1 0, 0, ,0 .U n k k u n k k

Therefore, { ( )} {( )}⋂ = = … ⋃ …
∗ ∗ ∗ ∗V V i i i i, , , 0, 0, ,0U u n1 2 .

According to the LaSalle invariant set principle, any solution of system (4), starting in Φn, will tend to
Φn. By Lemma 3.1, if ( ) ≠i t 0, then ( )‖ ‖ ≥ >→∞ i t mliminf 0t . For arbitrary ( )∈ − …i D 0, 0, ,00 , we obtain

( ) ( )= = …→∞

∗ ∗ ∗ ∗i t i i i ilim , , ,t n1 2 , where ( ) ( ( ) ( ) ( ))= …i t i t i t i t, , , n1 2 is a solution of system (4). Hence, if >R 10 ,
the endemic equilibrium ( )= …

∗ ∗ ∗ ∗i i i i, , , n1 2 is globally attractive. □

4 Control strategies

In this section, we will propose three control strategies to prevent the spread of the disease.

4.1 Uniform immunization strategy

A uniform immunization strategy is the simplest immunization strategy. Let p be immunization rate in
the network. Then, system (4) becomes

( )
[ ( ( ( ))) ]( )( ( )) ( )( ( )) ( ) ( )= − − − − + − − −

i t
t

β θ i t p i t β p i t i t νi td
d

1 1 1 1 1 1 .k k
k k k1 4

Using the same method as in Section 3.1, we can calculate the basic reproductive number

⎜ ⎟
⎛

⎝

( ) ( ) ⎞

⎠
=

− ⟨ ⟩

⟨ ⟩

+

−

+R
p β k
ν k

p β
ν

1
2

1 1 1
2

Δ ,U
0

1
2

4
1

where
( ) ( ) ( )

( )= − +
− ⟨ ⟩

⟨ ⟩

− − ⟨ ⟩Δ p β k
ν k

p β
ν

p β β k
ν1

1 1 2 4 11
2

4
2

1 4
2 .

4.2 Drug treatment strategy

The drug treatment strategy is to control the spread of disease by increasing the cure rate. Assume that
the improved cure rate from drug treatment is ( )∈ −r ν0, 1 . Then, system (4) becomes

( )
[ ( ( ( ))) ]( ( )) ( ( )) ( ) ( ) ( )= − − − + − − +

i t
t

β θ i t i t β i t i t ν r i td
d

1 1 1 1 .k k
k k k1 4

Using the same method in Section 3.1, we can calculate the basic reproductive number

⎜ ⎟
⎛

⎝ ( )
⎞

⎠
=

⟨ ⟩

+ ⟨ ⟩

+

+

+R
β k

ν r k
β

ν r
1
2

1
2

Δ ,M
0

1
2

4
2

where
( ) ( )( )= − +

⟨ ⟩

+ ⟨ ⟩ +

⟨ ⟩

+

Δ β k
ν r k

β
ν r

β β k
ν r2

2 41
2

4 1 4
2 .
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4.3 Targeted immunization strategy

A targeted immunization strategy is to immunize the nodes with high degree. We give lower and upper
thresholds k1 and k2 and define the immunization rate ηk as follows:

⎧

⎨
⎩

=

>

< <

<

η
k k

ρ k k k
k k

1, ,
, ,

0, .
k k

2

1 2

1

Then, system (4) becomes

( )
[ ( ( ( ))) ]( )( ( )) ( )( ( )) ( ) ( )= − − − − + − − −

i t
t

β θ i t η i t β η i t i t νi td
d

1 1 1 1 1 1 .k k
k k k k k1 4

Using the same method in Section 3.1, we can calculate the basic reproductive number

⎜ ⎟
⎛

⎝

( ) ( ) ⎞

⎠
=

⟨ − ⟩

⟨ ⟩

+

⟨ − ⟩

+R
β k η

ν k
β η

ν
1
2

1 1 1
2

Δ ,T k k
0

1
2

4
3

where
( ) ( ) ( )

( )= − +
⟨ − ⟩

⟨ ⟩

⟨ − ⟩ ⟨ − ⟩Δ β k η
ν k

β η
ν

β β k η
ν3

1 1 2 4 1k k k1
2

4 1 4
2

2 .

5 Numerical simulations

In this section, we give two examples to support the theoretical prediction. Assume that the degree dis-
tribution is ( ) = = …

−P k mk k, 1, 2, , 1003 . The value of parameter m satisfies the equation ∑ =
=

−mk 1k 1
100 3 .

Example 5.1. Choose = =β β0.08, 0.071 4 , and =ν 0.5. Then, ≈ <R 0.058 10 . Let the initial value
= − = − = −i h i h i h1 0.2 , 1 0.2 , 1 0.220 40 60 , and = −i h1 0.280 , =h 1, 2, 3, 4, 5. By Theorem 3.3, the disease-

free equilibrium E0 is globally asymptotically stable (Figure 1).
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Figure 1: The disease-free equilibrium is globally asymptotically stable.
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Example 5.2. Choose = =β β0.8, 0.71 4 , and =ν 0.5. Then, ≈ >R 5.773 10 . Let the initial value
= − = − = −i h i h i h1 0.2 , 1 0.2 , 1 0.220 40 60 , and = − =i h h1 0.2 , 1, 2, 3, 480 . By Theorem 3.5, the endemic

equilibrium ( )= …
∗ ∗ ∗ ∗i i i i, , , n1 2 is globally attractive (Figure 2).

We consider three control strategies. In Example 5.2, let =p 0.5, the numerical simulation results are
given in Figure 3. Let =r 0.5, then the numerical simulation results are given in Figure 4. Let = =η η 0.6k ,
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Figure 2: The endemic equilibrium is unique and globally attractive.
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Figure 3: The density of infected nodes under uniform immunization strategy.
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the numerical simulation results are given in Figure 5. When >R 10 , the endemic equilibrium
( )= …

∗ ∗ ∗ ∗i i i i, , , n1 2 is globally attractive. At this very moment, the numerical simulation results show that
the density of infected nodes with a control strategy is smaller than that without a control strategy. In this
sense, the control strategy is effective. Especially, using a uniform immunization strategy and a drug
treatment strategy at the same time, the numerical simulation results are given in Figure 6, which demon-
strate that the density of infected nodes decreases significantly and indicates that the combination of
the two strategies is more effective.
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Figure 4: The density of infected nodes under drug treatment strategy.
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Figure 5: The density of infected nodes under targeted immunization strategy.

Global analysis and control of a vector-borne epidemic model  13



6 Conclusion

In this study, a vector-borne epidemic model with multi-edge infection on complex networks is proposed.
Using the next generation matrix, the basic reproduction number is obtained, which is an important
threshold. If <R 10 , the disease-free equilibrium is globally asymptotically stable. If >R 10 , system (4)
has a unique positive equilibrium, which is globally attractive. Moreover, three control strategies are
studied to control the spread of epidemic disease.

It is worth noting that vector-borne diseases may be affected by environmental changes, which is a very
interesting topic. A vector-borne disease with periodic infection rate on complex networks may be con-
sidered in the future.
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Figure 6: The density of infected nodes under uniform immunization strategy and drug treatment strategy.
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