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Dynamics Analysis of an SIS Epidemic Model with
the Effects of Awareness*

Yanan Sun', Yakui Xue"', Boli Xie! and Song Sun?

Abstract In this paper, an SIS model incorporating the effects of aware-
ness spreading on epidemic is analyzed. Four kinds of equilibria of the model
are given, and a new method is used to prove the stability of the equilibria.
The threshold of awareness is RY, which measures whether awareness spreads.
When awareness does not spread, the basic reproduction number of disease is
R, it is RS when awareness spreads. The relationship among the three kinds
of thresholds is discussed in details. Specially, the effects of various awareness
parameters on epidemic are analyzed. Our theoretical results suggest that
raising awareness can effectively reduce the basic reproduction number of dis-
ease and reduce the spread of disease. Furthermore, numerical simulations are
performed to illustrate our results.

Keywords Awareness spreading, Epidemic model, Cooperative system, Sta-
bility.
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1. Introduction

In recent decades, many infectious diseases have broken out, including Ebola, swine
flu, Zika virus and so on. At the end of 2019, an infectious disease named COVID-19
broke out in the world for the first time. It is highly infectious and no vaccine is
available. In a short period of time, thousands of people were infected and many
people died unfortunately. These epidemics seriously affect people’s health and
cause great economic losses. Due to the significant development of science and
technology, the spread of awareness between people is becoming more and more
convenient. Usually, the spread of disease information can raise people’s awareness
of the disease, which makes people take a series of protection measures [1]. When
people try to prevent themselves from contracting an epidemic, the results may
show lower susceptibility. Meanwhile, thanks to self-isolation or better sanitary
conditions, the recovery time is shorter and the infectivity will also decrease [2].
Although the best way to control epidemic is to vaccinate, the cost of vaccination
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is very high. Worse still, there are some diseases that do not have vaccines (such as
malaria, Hepatitis C, etc.). In this case, raising the awareness of the epidemic can
control the epidemic more effectively. Especially, in developing and underdevelope-
d countries, mass media campaigns can play an important role in changing public
health-related behaviors [3]. In view of the complex changes in mass behavior under
awareness circumstances, it is very important to understand how awareness affects
the spread of epidemics.

Many mathematical models are proposed to study the effects of awareness on
epidemics. These models can be divided into two major classes: network-based
models [4 — 6] and mean-field models [7 — 9]. So far, there are two ways to explain
the effects of awareness: (i) by introducing a mass media compartment to repre-
sent the public interaction with mass media [10 — 14], (ii) by changing the rate of
diseases transmission and taking preventive measures [15,16]. For the choice of
the affecting way of awareness, we choose the case (ii) in this paper. For the case
(ii), there have also been a few studies in recent years. Kiss et al. [1] extended a
simple SIRS model to account for the treatment class. They proved that although
the awareness of the whole population did not affect the epidemic threshold, but
it could reduce the prevalence of infection. An SIRS model that considering the
effects of private and public awareness on epidemic was studied [8,17].

Medical research had shown that many epidemics, including some bacterial and
sexually transmitted diseases, do not have permanent immunity. These epidemics
can be constructed as SIS models [18, 19]. In this paper, we establish an SIS model
to study the effects of awareness spreading on epidemic. There have been some
related previous studies. Samanta et al. [20] used an SIS model to study the ef-
fects of awareness program in epidemics outbreak - a slow fast dynamics. Liu et al.
[21] investigated the stochastic diseases dynamics of an SIS epidemic model on two
patches incorporating media coverage. Granell et al. [22] established an SIS-UAU
model, the dynamical interplay between awareness and epidemic spreading in mul-
tiplex networks was investigated.

Our research is based on [23], there are still many differences. More practical
factors are considered than previous work. Due to the effects of awareness, the two
types of basic reproduction numbers of disease are given. Further, the relation-
ship among three thresholds and the effects of various parameters on the epidemic
threshold are analyzed. These have not been analyzed in previous works. In short,
a comprehensive and detailed theoretical analysis is provided in this paper, the con-
tent of our research is more in line with the real life. Therefore, the research of this
paper carries certain theoretic meaning and applied value.

The organization of this paper is as follows. The SIS model is described in Sec-
tion 2. The four kinds of equilibria and three kinds of threshold expressions are
given in Section 3. The stability of equilibria is analyzed in Section 4. Paramet-
ric analysis and numerical simulation are in Section 5. The main conclusions are
summarized in Section 6.

2. The model description

We divide the overall population into four compartments: susceptible and unaware
(S™), susceptible and aware (S?), infected and unaware (I™), infected and aware
(I*). Specially, in this paper, the unaware individuals are the individuals without
disease awareness and the individuals who have disease awareness but do not take
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protective measures. The transition relations of all compartments are summarised
in Figure 1. Dotted lines represent the infectious effect of the corresponding infected
on the susceptible.
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Figure 1. Classes and transitions in the model.

The remaining model parameters are as follows:

Table 1. Description of parameters

w1 ,wa Awareness losing rate
1,09 Awareness spreading rate
vy Recovery rate of unaware infected
0~y Recovery rate of aware infected
153 Infection rate from unaware infected to unaware susceptible
018 Infection rate from aware infected to unaware susceptible
o093 Infection rate from unaware infected to aware susceptible
010903 Infection rate from aware infected to aware susceptible

where we assume 0 < a1 < as < 1,0 < wy <wy; <1,0>1and 0 < 01,00 < 1
hold. Different from the previous work, in fact, susceptible individuals have a more
significant reduction in the spread of the epidemic, so o9 < 0.

Under the above assumptions, the model for the spread of awareness and epi-
demic is as follows

dS™(t) B (I" 4+ 011%) BS™ 1 (S*+1%)S" . n
pn — N — N +wiS +rYl 5
ds (t) :_(I + o011 )0255 +Oll (S +1 )S — w1 8% + Oy,
dt N N (2.1)
d[n(t) (I"L + Ul[a) BS"L a2 (Sa _"_ ]a) ITL .
= - + w21a - /717L7
dt N N
dI*(t) _ (I"+011") 0285  as(S* +1°) 1" a a
- = ~ + N —wol® — O~I*.

Since the system (2.1) does not include vital dynamics, so there are no births
or deaths of the population, which means that the total population S™(¢) + S*(¢) +
I™(t)+1%(t) = N is constant. It is easy to show that the system (2.1) is well-posed,
its solutions are non-negative for all ¢ > 0. For more convenient calculation, we
perform the following scale transformation on the system variables
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S'n/ Sa I'flr Iﬂ
Sn(t) = 552, 8, (t) = 532, 1, (1) = L5321 (1) = B2
Simplify system (2.1) and substitute S, =1 — S, — I, — I, to obtain

dS,(t

Sdt( ) __ (I, + 0114) 02880 + a1 (Su + 1) (1 = Su — Iy — 1) — w1 S, + 071,
df;‘f% =(In+01L) B (1= Sa = In = Ia) = @2 (Sa + La) In + wala = 7,

T
d ;t(t) = (In + Ulla) 0‘265@ + a2 (Sa =+ Ia) In — WQIQ _ 9/7]@7

(2.2)
where the set I' = {(S4, In,I,) € RY|I,, + Sqo + I, < 1} is positively invariant for
system (2.2).

3. Equilibria and basic reproduction number

3.1. Equilibria and their types

It is easy to obtain the system (2.2) has a disease-free awareness-free equilibrium

E} = (82,12,1%) = (0,0,0),

a’) n’ra

a disease-free awareness-endemic equilibrium
E(Q) — (SO JO IO) — (oqa—lwl 7070)7

a’ nda

and a disease-endemic awareness-free equilibrium Fy = (S%, I, I¥) = (0, ﬁ% 0).

The equilibrium E3 and E; are only biologically feasible, providing the condi-
tions

Ro— S iandri=P o
w1 Y

hold respectively.

Theorem 3.1. There is only a disease-endemic awareness-endemic equilibrium for
system (2.2), which is recorded as Eo = (S&*, I*, I**).

a ’''n ' a

Proof. For more convenient calculation, we assume a; = as = a and w; = wy =
w. It is not a restriction, all our calculations can be made without this assumption.
It is easy to know that the equilibrium E5 satisfies

— (I +011,) 0285, + a(Se +I,) (1 — Sy — I, — I,) — wS, + 071, =0,
(In + 011) B(1 — Sy — I, — 1) — a (Sa + Ia) In +wly — I, =0, (3.1)
(In +011,) 02850 + a(Sq + 1a) I, — wl, — 0v1, = 0.
From the first and the third equations of (3.1), we can obtain
aS, —al? — (28S,0201 +2aS, — 70 — ) I, — aS? — w8,
BS.09 + al, + aS,
I, (—BSa0201 + 70 +w)
BSa.09 + al, + aS,

by (3.2) and (3.3), we have I, = *=* — S, and substitute it into equation (3.3), we
obtain

I, = , (3.2)

I, =

) (3.3)
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(0 —w —aS,) (=BS.0201 + 70 + w)

I, =
(8Su02 +a—w)a

Substituting the values of I, and I, into the second equation of (3.1), we obtain
that S, is the positive root of the quadratic equation

0153 + 2S5, +¢c3 =0. (3.4)

where
c1 = —B2aocy (w (o) + 02) + o1(a — w) (01 — 02) + 701 (0 — 02));
e = Balay (Boy — 02) + wla — w) (o1 — 03) + 2 (02 - 02) +wyb (2 —01)) + D;
cz = —y(a —w) (® +ay + (g1(a —w) + 70 + w) f9);
D = Boioa(a — w)?(Boy + a) + BPwoa (10 + w) + w?af
+5(a — w)[Bor102(V0 + w) + Pworos + ayoi03)].

when R{ = 3—1 > 1, a1 = as = a, and wy; = wy = w, we can obtain o > w. Since
0 >1> 09, 01 >092 80c <0, co>0andcg <0. After calculation, one root of
equation (3.4) corresponds to the equilibrium EZ = (59, 19,10) = (4#2,0,0). By
the relationship between root and coefficient, it is easy to get that there are two
positive roots of equation(3.4). If R > 1, the other positive root exists and makes
I, >0,S, >0, I, >0, that is the equilibrium FEs. O

3.2. Threshold of awareness and disease

It can be seen from above that the threshold of awareness is R{ = !, when aware-

ness does not spread, the basic reproduction number of disease is RY = g, Next,
we calculate the epidemic threshold when awareness spreads. According to the con-
cepts of next generation matrix and the basic reproduction number presented in
[25], we define

B(l—=2I,—S,—o1l,—1,) o1 (1 — I, — S, —21,) — pI,
F =
0235, 010939,

'Y+042 (Sa+Ia) Olg]n — W9

V= ,
—Q2 (Sa + Ia) _a21n + w2 + 97
lel lez
Fv-1 (Eg) = )
()] (Oél — wl) Gl g9 (a1 — wl) GQ
where
G = Baq (70 + w2) + 018z (a1 — w)
! a1y (a1l + a1y — azfwy + aws)’
Gy = Bay (017 + wa) + 0180z (1 — wr)

a1y (a1l + a1y — azfw + arws)’

Hence, a straightforward calculation of p(FV 1) gives that the basic reproduc-
tion number of disease is RS = 1)y when awareness spreads, where
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B loroaas (a1 — wi)® +m (a; — wi) + arwy (70 + ws)

Yo =

a1yl (g —wi) + oy (v + w2)

m = 10270 + a103ws + oW Qs.

4. The stability of equilibria

4.1. Local stability of equilibria

Theorem 4.1. If R¢ < 1 and R} < 1, then the disease-free awareness-free equilib-
rium E§ is locally asymptotically stable.

Proof. The Jacobian matrix of system (2.2) at E{ is

a;—w; 0 oy + 0y
J(E) =] 0 B-7of+w
0 0 —wo—6y
The characteristic equation of .J (Ej) is
PN =N—a1+w)A=B+7) (A +wy+6y)=0.
where A denotes the eigenvalue and
A =01 —wi, Adg =0—7, A3 = —ws — Oy < 0.

Thus, if R{ < 1 and R{ < 1, then the Ay = a; —w; <0, Ao = B —7 < 0. All
roots of ®1()\) have negative real parts. Hence, E} is locally asymptotically stable.
O

Theorem 4.2. If R > 1 and RY < 1, then the disease-free awareness-endemic
equilibrium E3 is locally asymptotically stable.

Proof. The Jacobian matrix of system (2.2) at EZ is

w1 — aq Ny N2

JEH=| o a |
0 c d
where
+ - + -
ny = (028 + 1) (w1 a1)7 ny = (01028 4+ a1) (w1 — 1) oy + 07,
g aq
we use symbol M7 and
Buwi — g (1 —wr) Boiwr + owe
ab -7
My = = | (Boatan) (@1 —wi) 01098 (a1 — 1)
cd 2 2) (a1 1 102 1 1) 0y — ws
o aq

The eigenvalues of J (E3) are



Dynamics Analysis of an SIS Epidemic Model with the Effects of Awareness 41

Al =wi — oy,

1 1
Aag = §(tr(M1) + /(tr(M))2 — 4det(M;)) = 5[(@ +d) + +/(a — d)? + 4bc].

If R$ > 1, then ay > w1, so Ay < 0 and bec > 0. It is easy to show that
Re)s 3 < 0if and only if (a +d) ++/(a — d)? + 4bc < 0, that is det(M7) > 0. Using
that

-8 [Ulagag (a1 — w1)2 +m (e —w1) + arwy (76 + wg)]
det(Ml) =

2
ag
B (a1 —wn) + a1y (40 +
Ll (a1 wl)a a1y (70 + wo) S0
1

We can easily prove that if R¢ > 1 and R¢ < 1, then detM; > 0, so EZ is locally
asymptotically stable. O

Theorem 4.3. If R{ < 1 and R} > 1, then the disease-endemic awareness-free
equilibrium FE1 is locally asymptotically stable.

Proof. The Jacobian matrix of system (2.2) at E; is

) (v = B)o2f + yor — Buwr 0 B0~ + yay
J(El)zg (B+a2) (v = B) By = B) as(y — B) + 017 + w23
(Bog + az) (B —7) 0 a(B—7) 08— wp

The characteristic equation of J (E4) is
Po(A) = (A =7+ B)|AE — Mz| =0,
where

(B —7y)o2f —you + fun B0y 4 yaq

B B
(B—7)o2B —yas+ Bag Oy + yas + B (w2 — a2)
B B

The eigenvalues of J (E7) are

My =

M =7 B = g tr(Ms) & \/(r(M2))* — adet(My))

If R¢ > 1, then \; < 0, using the same argument in Theorem 4.2, the necessary

ab
and sufficient condition for Rels 3 < 0 is det(Msz) > 0. We define My = ,if
cd
R{ < 1, then a1 < wy,an < wa. Since oy < ag, wa < wy, so |al > ||, |d| > |b], that
is det(M3) > 0, Relg 3 < 0. Hence, E; is locally asymptotically stable. O

4.2. Global stability of equilibria

In this subsection, for simplicity, we assume that a3 = as = o and w; = we = w.
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Theorem 4.4. If R¢ <1 and R¢ < 1, then the disease-free awareness-free equilib-
rium E} is globally asymptotically stable.

Proof. Consider a Lyapunov function defined by

Vi=Se+ 2% 4L
w+~0

Differentiating V; along the solutions of system (2.2) leads to
G agr B0 (Br+a)w—a), (B+aw-a)

Ic — 17— aln
@ w0 " w+ 0 @ w+ 0 S
Lm0, e A ma) o
w+ 0 w+~0
_Baw-a)g . Woa)Bauthtae)
w+ 0 w+ 0
1-R})(1—R? —
— a2 - 2a8,1, - LZRV ARy ey w00 Po)
w+ 0 w0
o (B a)w Bow w(Bor+ B+ )
(1 Rl)(7w+79 Sa[n+w+79s‘1[@+—w+79 I1,)
—(1=R%)( Pw 12 (ﬁ01+a)w1'§+w5’a).

w+H0 " w+ 0

Therefore, if R{ < 1 and R{ < 1, then V; < 0. Vi =0 if and only if S, = I,, =
I, = 0. That is {(Sa, In, Is) [Vi = 0} = {E} }. Using the same argument in [26], by
LaSalle’s Invariance Principle[27], the E} is globally asymptotically stable. O

Theorem 4.5. If R¢ < 1 and R > 1, then the disease-endemic awareness-free
equilibrium E is globally asymptotically stable.

Proof. Consider a Lyapunov function defined by

3(B+w) 3(8+w)

Vo =8, + I, +
(0% w—«

1.
Differentiating Va along the solutions of system (2.2) leads to

(BOA-1)=7)° 3a(ftw) +Poi(w=0a),
B(B—7) w—a T w-a

a a 6a(f + w)

*(5*7)(01+1+E)Infa*(ﬂ*”}/)(l+g)]n5a*ﬁ

_(ﬁUl(l—Ia—Sa)—l—w)fa—(w—a—i—V(a—’—ﬁ)_;Qﬂ(ﬂ_'_w)
Aot flwoatrotwty)tay, g g

ﬁ a a~a

(BOA-1,) =) 30(f+w)+Borw(l-RY) », 3a(f+w)

3a(B 4 w) g2

a

V= —

1,5,

)Sa

— S2
By (R{ —1) w (1 —RY) ¢ w(-Rp)E

6
-7 (Rf - 1) (01 +1+ %)I’nla - (Rii — 1) (1 + %)InSa — c‘w
— (Bor (1= I, — Sa) +w) v(a+B) +ﬁ2ﬁ(ﬂ+w>

IaSa

Iq

I —(w(@—RH+

)Sa
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28—+ BWA-RY) fryofwt+y)fay,
B a
Therefore, if R* < 1 and R¢ > 1, then V5 < 0. V5 = 0 if and only if S, = I, = 0,

I, = % That is {(Sa, I, 1) |[Va = 0} = {E;}. By LaSalle’s Invariance Principle,
the F; is globally asymptotically stable. O

ﬁallasa-

Theorem 4.6. If R¢ > 1 and RS < 1, then the disease-free awareness-endemic
equilibrium E2 is globally asymptotically stable. If R > 1 and RY > 1, then the
disease-endemic awareness-endemic equilibrium Eo is globally asymptotically stable.

Proof. If R > 1, then the corresponding disease-free equilibrium is E32. It shows
that, as t — oo, we have S, (t) + I,(t) — 52, Sp(t) + I,(t) — £, so the limiting
system of system (2.2) is

I, (t

®) _ (In + 011) B(2 — 1)) — (a — w) I, +wl, — 1y,
dt «

. B (4.1)
;t = (In—i—alla)ogﬂ(aaw —I)+ (0« —w), —wl, — 0vI,.

Since T' is positively invariant with respect to system (2.2), the dynamics of
system (4.1) can be explored on this restricted region

A= {(Ina-[a) € Ri'—[n < gv-[a < %}

Next, we study the globally asymptotic stability of the equilibrium E? and the
equilibrium Es by studying the limit system (4.1). Motivated by the method in
[28,29], define

fi (u,u2)

fo (UlaUQ)

fu) =

(ur + oruz) B(2 —u1) — (@ — w)uy + wug — yuy

(u1 4 o1u2) 02 8(952 — ug) + (o — w)uy — wug — Oyuy

Then f : RZ — R? is a continuously differentiable map. Obviously, f(0) = 0,
filuy>0forallu e A, u; =0,i=1,2.
A straightforward calculation of D f(u) gives

q1 Ulﬁ(% 7In)+w
Df(u) =
Boa (2 — 1) +a—w Q2

Where
q1 :ﬂ(g _In) _5(Ia01 +In) —oat+w—7,
qo = 5010’2(% - Ia) - 50'2(.[(10'1 + In) — 70 —w.

If R > 1, then % > 0(1 # j), u € A, so f is cooperative on A. Obviously,
U

|Df(u)| # 0, so Df(u) is irreducible on u € A.
For every k € (0,1) and u € A, we have
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f1 (kuqy, kug) = (kuy + o1kus) B(g — kuy) — (o — w)kuy + wkus — vkuy
> (kuy + o1kus) B(g —uy) — (@ — w)kuy + wkug — ykuy

= k‘fl (U1, UQ) .

Using the same argument, we find that fo (kui, kus) > kfo (ug,us), so f is strictly
sublinear on A.
A straightforward calculation of Df(0) gives
Bo o
! !
Df(0) =
Boa(a — w) W Boroa(a — w)

+ «
« o

-0 —w

It is easy to show that when a; = @y = o and w; = wy = w, the Df(0) = My, so
s(Df(0)) := max{Re A : ®3(\)}, where ®5()) denotes the characteristic equation
of Df(0).

By Corollary 3.2 in [28], and Theorem 4.2 in this paper, we obtain the
following results.

If R¢ > 1, and RY < 1, then

s(Df(0)) := max{Re A : P3(\)} < 0,
so the equilibrium (0,0) of system (4.1) is globally asymptotically stable. Since
Sa(t) = 2= I,(t) — 0 and I,(t) — 0 as t — oo, while E§ = (2=%,0,0). Thus,
based on the theory of asymptotic autonomous systems [30], E3 is globally asymp-

totically stable.
If R¢ > 1, and RY > 1, then

s(Df(0)) := max{Re A : ®3(\)} > 0,
so the equilibrium (I, I*) of system (4.1) is globally asymptotically stable. Since

n)-a

Sa(t) = S¥* I,(t) — L and I,(t) — I * as t — oo, while Ey = (SF*, I**, I**). By
carrying out similar argument to the above, F5 is globally asymptotically stable.
O

5. Numerical simulation

5.1. Effect of awareness on system dynamics

It Rf = oL <1, R{ = g < 1, then the system approaches the equilibrium E};

If R = 3—1 <1, R{= % > 1, then the system approaches the equilibrium Fjy;
In the above two cases, the awareness parameters have no effect on the epidemic
threshold. The R¢ increases with the increase of 3 and decreases with the increase

of .
If
Ri=% 5,
w1
Ri— R(li0102@2 (a1 —wi)? +m(a; —w) + arwr (70 + wa) <1,

arasf (o —wi) + a2 (v0 + wo)
where m = (a10970 + a109ws + 1w @z), then the system approaches the equilib-
rium EZ;
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If

(€51
{=—>1,
1 wr

Ri — pa 010202 (a1 — w1)2 +m (a1 —w1) + 1wy (70 + we)
! arasf (o —wy) + a2 (70 + wo)
where m = (a10970 + a109ws + 1w @), then the system approaches the equilib-
rium FEy;
Hence, when R{ = % > 1, then the awareness spreading affects the epidemic
threshold. Next, we learn about the effects of awareness spreading on epidemic.

>1

)

a5 3

25

2

2

d
(a) (b) K
Figure 3. Relationship between awareness parameters and epidemic thresholds.

Figure 2(a) illustrates that when R > 1 and RS = 1, 3 increases with rise in the
value of a and decreases with increase in the value of w. Figure 2(b) illustrates
that when R > 1 and RY = 1, v decreases with increase in the value of a and
increases with increase in the value of w. Therefore, Figure 2 illustrates that the
higher the awareness, the smaller recovery rate and the more infected individuals are
allowed before the outbreak of the epidemic. In other words, raising awareness can
effectively reduce the outbreak of epidemic. Here, the parameters are (a)y = 0.6,
(b)B = 1.8. Others are § = 2, 01 = 0.5, 09 = 0.4.

Figure 3(a) illustrates that RY decreases with increase in the value of o when
R$ > 1 holds. This shows that the stronger the « is, the fewer people are infected
per unit time. Figure 3(b) illustrates the linear relationship between R$ and R{
is RY = kRY, where k € (0,1). This shows that raising awareness can reduce the
basic reproduction number of disease so as to reduce the spread of epidemic. Here,
(b)wy = 0.5, wy = 0.4. Other parameters are 8 = 1.8, v = 0.6, § = 2, 01 = 0.5,
09 = 0.4.

Next, we analyze the effects of awareness parameters oy, o9, and 6 on epidemic
threshold.
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15 25

_— d
R — Ri1s

0 05 1 15 2 25 3 0 05 1 15 2 25 3

() E (d) E

Figure 4. Effects of 01, 02 and 0 on stable region of different equilibria.

When awareness has no effect on epidemic, that is 01 = 09 = 0 = 1, the epidemic
threshold is given by

RY = RY.

Figure 4(a) illustrates when one considers reduced infectivity, where 0 < o7 < 1,
oo = 6 =1, the epidemic threshold is given by

wol R +w+v—wo
Rd:R{lj 1417 u Y 1'
wWRT +
RY R —1)(1—
If RS > 1, then RY > whi +7 _ B Do) gy
wo R +w + v —woy wo R +w + v —woy

the rate of awareness spreading is much higher than the rate of awareness losing,
that is R — oo, then the inequality R{ > U—ll holds. The parameters are v = 0.6,
w1 = 05, Wy = 04, Qo = 0.6.
Figure 4(b) illustrates when one considers reduced susceptibility, where 0 < og <
1, 01 = 8 = 1, the epidemic threshold is given by
g9 (}%(11 — 1) + 1
R '
R L (-o)(Ri-1)
o2 (R§—1)+1 o2 (R —1)+1
previous case, if R{ — oo, then the inequality R{ > [%2 holds. The parameters are
v = 0.6, wo = 0.4, w1 = 0.5, as = 0.6.
Figure 4(c) illustrates when one considers faster recovery, where 6 > 1, o1 =
09 = 1, the epidemic threshold is given by
wR{ +~0
WR$O —wb + 40 +w’

R{ = Ry

. Similar to the

If R > 1, then R{ >

RY = R}
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wWR$O — wb + 0 +w w(Ry—-1)(0—-1)
=1+
wR{ +~0 WR{ +~0
oo, then the inequality RY > 6 holds. The parameters are v = 0.6, w; = 0.5,
Wo = 0.4, Qo = 0.6.

Figure 4(d) illustrates that when R{ > 1, the protective measures taken by
the aware susceptible individuals can reduce the spread of the epidemic more than
those taken by the aware infected individuals. The parameters are v = 0.6, 0 = 1,
as = 0.6, wy; = 0.5, wy = 0.4.

If R > 1, then RY > I RS —

RY

“o 2 v e s oo

0 0.2 04 0.6 08 1

[

1
-
2 3
‘ |
2
15
1
05
1 15 2 25 3
(4%

Figure 5. Effects of various parameters on the epidemic threshold Rg when R} > 1.
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Figure 5(a,b) illustrates that when R{ > 1(aw = 0.6, w = 0.5, 8 = 1.8, v = 0.6,
6 = 2), the effects of o1 and o5 on epidemic threshold RJ. It can be noted that R$
decreases with the decrease of o1 and o2, while the effect of the change of o5 on Rg
is more obvious. Therefore, we should increase awareness education for individuals,
especially those unaware susceptible individuals so as to reduce the spread of disease
to a greater extent. Figure 5(c,d) illustrates that when R} > 1(w = 0.6, 8 = 1.8,
v = 0.6, 01 = 0.6, o3 = 0.5), the effects of a and 6 on epidemic threshold RJ. Tt
can be seen that R decreases with the increase of a and §. When « is relatively
small, the change of 6 has fewer effects on the epidemic threshold.

5.2. Dynamic behavior of equilibria

In this subsection, we analyze the time series dynamics of different classes, we take
the initial values of each variable as: S, (0) =0.1,5,(0) = 0.1,1,(0) = 0.4, I,(0) =
0.4. For the rest of the parameter values, we refer to reference [8,23]. Figure 6(a)
shows that when R¢ < 1 and R{ < 1(8 = 0.5, v = 0.6, oy = 0.3, w; = 0.5,
ag = 0.4), the system (2.2) has only one disease-free awareness-free equilibrium
E}, and E} is globally asymptotically stable; Figure 6(b) shows that when R$ > 1
and R¢ < 1(8 = 0.5, v = 0.6, ay = 0.6, w; = 0.5, ag = 0.7), the system (2.2)
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has only one disease-free awareness-endemic equilibrium E2, and E? is globally
asymptotically stable; Figure 6(c) shows that when R$ < 1 and R{ > 1(3 = 1.8,
v = 0.6, ;1 = 0.3, w; = 0.5, ag = 0.4), the system (2.2) has only one disease-
endemic awareness-free equilibrium F;, and F; is globally asymptotically stable;
Figure 6(d) shows that when R¢ > 1 and R¢ > 1(3 = 1.8,y = 0.6, a; = 0.6,
w1 = 0.5, ag = 0.7), the system (2.2) has only one disease-endemic awareness-
endemic equilibrium FEs, and Fs is globally asymptotically stable. Other parameter
values are wy = 0.4, 01 = 0.6, 09 = 0.5, 6 = 2.

Figure 6. The stability of different equilibria.

6. Discussion

In this paper, we study an SIS model for the effects of awareness spreading on
epidemic based on previous studies. The main feature of our model is that it is more
comprehensive and more in line with the practical life. The dynamic process of the
model is fully analyzed in details, and the effects of various aspects of awareness on
epidemic are considered. Based on the analysis, we find that raising awareness can
effectively reduce the basic regeneration number of disease. In addition, awareness
can not only reduce the infection rate of epidemic, but also raise the recovery rate
of individuals and shorten the period of epidemic.

The way of awareness spreading studied in this paper only consider the com-
munication between individuals, while the way of awareness losing only take the
loss of individual autonomy into account. However, in fact, people can also obtain
awareness through Internet searching and lose awareness through contacting others.
Moreover, although awareness may improve epidemic prevention in some cases, it
may cause public panic in other cases, leading to further spread of epidemic. These
factors will be taken into account in the subsequent researches. Though we only
studied the one way of awareness spreading and losing, our research results also play



Dynamics Analysis of an SIS Epidemic Model with the Effects of Awareness 49

a crucial role in preventing and controlling the spread of some infectious diseases.
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