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Abstract: In this paper, we propose a new mathematical model based on the association between
susceptible and recovered individual, where the association between susceptible and recovered
individual is disturbed by white noise. This model is based on demographic changes and is used
for long term behavior. We study the stability of equilibria of the deterministic model and prove the
conditions for the extinction of diseases. Then, we investigate and obtain the critical condition of the
stochastic epidemic model for the extinction and the permanence in mean of the disease with the
white noise. To verify our results, we present some numerical simulations for real data related to
disease.
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1. Introduction

Things are connected in the real world, and in the biological world as well. Epidemic diseases
are commonly established through deterministic models in which populations that transmit disease
are divided into three categories, such as susceptible, infected, and recovered individuals. In special
situation, the connection between the three individuals will lead to their dynamic change.

The Kermark-Mckendrick model [1] is a SIR model for the number of people infected with
infectious diseases in closed populations. It assumes that the size of the population is fixed (such as not
being born, dying from disease, or dying from natural causes), that the incubation period of infectious
factors is immediate. It also assumes closed populations with no age, space or social structure. The
Kermark-Mckendrick model as follows:

ds(t) _
W = —AS(HI(H)
éit) = (AS()I(t) —vI(t)) (1.1)
RO 1)
dt

where t is time, S(t) is the number of susceptible people, I(t) is the number of people infected, R(t)
is the number of people who have recovered and developed permanence immunity to the infection,
A is the infection rate, and v is the recovery rate. In addition, we know that the constant Ry = %,
which is called the basic reproduction number, determines the most important quantities of epidemic
behavior and potential in 1.1. In particular, R also determines whether an epidemic occurs or not.
A mathematical survey was carried out on the progress of the epidemic diseases in the same
population. Overall, the threshold density of the population has been found, which depends on the

epidemic’s infectivity, recovery and mortality. If population density is below this threshold, there will
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be no epidemic. In addition, if population density is slightly above the threshold, the impact of the
epidemic will be to reduce density below the threshold [1]. Many articles apply this theory such as
[3,4].

Some infections, such as those from the common cold and flu, do not confer any lasting immunity.
The infection is not immunized after recovery from infection, and individuals become susceptible to
infection[2]. Thus the model as follows:

dSW) _ _rsoy1(6) + 411
dI(t) o

S = (A1) —11(1)

This model is called SIS model, also known as the contact process, is one of which has been
conducted extensively from deterministic to stochastic point of view under a variety of assumptions
[5-7]. Gray will discuss in this paper the effect of stochastic noise on the well-known SIS epidemic
model [8]. The dynamics of a stochastic model with vaccination was discussed by [9-11,13]. Usually
SDE can also be discussed with time delays influenced was discussed by [12-15].

In addition, there are infectious disease models such as SI(see,e.g.[16,17]), SIRS(see,e.g.[18][19]),
SEIR(see,e.g.[20,21]), MSIR(see,e.g.[22]). A number of differential equation models were developed to
describe AIDS(see,e.g.[23]) hepatitis B(see,e.g.[24-29]), and so on. Motivated by this fact, Tahir Khan,
Amir Khan and Gul Zaman [29] considered the following hepatitis B epidemic model with the aid of
diagram shown in Fig. 1:

l A

SO < BST 1co

\ vS )/11/
H,S RCD (r,+ oI
[

Figure 1. Transfer diagram of hepatitis B epidemic model

And deterministic epidemic model as follows:

d?> A— BS(OI(E) — (4o +1)S(1)
I psy1e) — (o + i + )10 (13)
aR(H

== Y1 I(t) +vS(t) — uoR(t)

where S(t) denotes the number of members of a population who are susceptible to an infection at
time t. I(t) denotes the number of members who are infective at time f. R(t) denotes the number of
members who are recovered with an infection at time t as the result of vaccination. The parameters
in the model are summarized in the following:  represents transmission rate between S(t) and I(t);
A represents the per capita constant birth rate; yo and i respectively represent the natural death
rate and the disease induced death rate; v represents the vaccination rate; /v represents the constant
recovery rate for the disease infected individual. All parameter values are assumed to be nonnegative,
and pg, A > 0.

It is now considered that the recovered individuals do not have permanent immunity. Because of
environments, specific diseases, malnutritions, fatigue mental pressures and some drugs, the number
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of recovered classes and susceptible classes can transfer to each other. This rate of transformation is
assumed to be &, and the new model is shown below and the diagram shown in Fig.2,

S(t) <_&> )

&f\ vS V1I/
H,S RCD (r,+ oI
[

Figure 2. Transfer diagram of epidemic model based on the association between susceptible and

\/

recovered individuals

Based on the infectious disease model we introduced above, we first propose a deterministic
epidemiological model as follows:

di—it) = A —BS(t)I(t) +aS(t)R(t) — (po +v)S(t)
dfT(tﬂ = BS()I(t) — (uo + p1 +711)1(t) (1.4)
dl:ligt) = 1I(t) +vS(t) — poR(¢) — aS(H)R(#)

where a presents transmission rate between S(t) and R(#).

Taking the effect of randomly fluctuating environment into consideration in real world, we assume
that fluctuations in the environment will manifest themselves mainly as fluctuations transmission
parameter « and B, i.e., B — 171B(t) and @ — 1, B(t), where B(t) is standard Brownian motion with the
property B(0) = 0 and with the intensity of white noise 77 > 0,73 > 0. Stochastic epidemic model as
follows:

dS(t) = (A — BS(t)I(t) — aS(t)R(t) — (po +v)S(t)) dt — 1 S(t)I(t) dBy(t)
— m2S(t)R(t) dBa(t)

dI(t) = (BS(HI(t) — (o + 1 + 1) I(1)) dt + 1 S()I(t) dBy (1)

dR(t) = (v1I(t) + vS(t) — poR(t) +aS(t)R(t)) dt + 72S(£)R(t) dBy(t)

(1.5)

It establishes a stochastic epidemic disease model based on the association between susceptible
and recovered individuals with a varying population environment for a long term behavior. We
discuss the disease extinction, the disease persistence in mean and obtain sufficient conditions for
them.To verify our results, we present some numerical simulations for real data related to disease.

2. the Dynamics of deterministic system 1.4

From a mathematical point of view, throughout this paper, let (Q), 7, { F}, > 0, P) be a complete
probability space, R3. = {x; > 0,i = 1,2,3}. f isan integrable function on [0, %), (f(t)) = %fot £(0) de.
Then we have
Def 2.1. (i) The diseases 1(t) are said to be extinctive if tlim I(t) =0.

—00
(ii) The diseases I(t) are said to be permanent in mean if there exist two positive constants C such that

inf lim (I(t)) > C

t—o0
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Lemma 2.2. For any positive solution (S(t),I(t),R(t)) of system 1.1 or 1.2 with initial value
(5(0),1(0), R(0)) € R3, we have

A
. . : oA
max {sup tlLI?O S(t), sup }Lr?o I(t),sup thﬁrglo R(t)} S

Proof. From system 1.1 or the system 1.2, we have

d(S(t) + I(t) + R(t))
dt

=A—po(S(t) + I(t) + R(t)) — mI(t)
<A —po(S(t) + I(t) + R(t))

This implies that

. A
}5?0 (S(t) +I(t) +R(1)) < m

Then obviously we have

A A A
. <A . <A . <A
sup tll}rgS(t) < yo,sup tllglo I(t) < yo,sup tllfﬁ‘o R(t) < o
s Since S(t) > 0,I(t) > 0,R(t) > 0. This completes the proof of lemma 2.2.
In system 1.1, let
fi = A= BS(HI(H) — aS(R(E) — (g +v)S(¢)
fo=BS(HOI(t) = (uo + 1 +11)1(t)
f3 = ml(t) +vS(t) — poR(t) + aS(t)R(t)
&1 Then setting f; = 0 leads to the following equilibria:
E;: (S,0,R) with
A (%—(Vﬂlo))Jr\/(@—(V+V0))2+M
§=2 RR=-I o =
o 20

E; : (S*,I*, R*) with
gr — Ho Tt
B

(= vBHo — o (Bro — (o + i1 + 1)) — &BA) (o + it +71) + ABHo
B(mBro+ (o + 1) (Bro — (o + i +m)) )

gt = A1B = (o + 1 +71) (om1 — pov — pv)
m1Bpo + (4o + 1) (Bpo — a(puo + 11 + 1))

From the expressions of 5*,I* and R*,we know of

I’ =

$>0I*>0,R*>0

System 1.1 has positive equilibrium E*, furthermore, let

R = PA
(Mo + p1+71)Ho
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Theorem 2.3. For system 1.1, the following conclusion are true:
(i) If R < 1,then the disease I goes extinct.
(ii) E is a unstable equilibrium.

Proof. The stability of the equilibrium point (5,0, R) of system 1.1 is determined by the Jacobian

—aR — (o +v) 0 v+aR
Ji= —BS BS — (po + 1 + 1) Mmoo
S 0 —1ig + a§

Since R < 1, one of three eigenvalues of matrix J; is given by

~ A
M =pBS—(po+m+m)< io—(}loerJr’h) <0
The other two eigenvalues of matrix J; are root of the following equation
A? o+ (=an — az3)A + (—anaz; — anmz) =0

With the help of v > g, where
~ 2
a1 = —aR—(];lo-FV) = —&—%\/(%—(V'Fﬂo)) +40;47U0A <0
asz = —po +aS

2(v—pg)a\
Ho

2 A2
—yo+";{(}+u+\/“ufg‘ + (v +po)? +

2
>0
a3 =V -+ tXR, aszp = —Oég
Then —ay; —az3 > 0 and —aj1a33 — a31a13 > 0. This implies A < 0 and A3 < 0. Thus the
equilibrium E; is stable. This means the disease with relationship of between susceptible and recovered
individuals goes extinct.
Now let us prove instability of the equilibrium point E;. At E; the Jacobian takes the form of

—BI* —aR* — (po+v) BI* v+aR

Jo = —(no+p1+m) 0 m
“(Vo+g1+71) 0 —puo+aS

since A} = BI* > 0, E; is a unstable equilibrium. The proof is completed.

3. Dynamics of stochastic system 1.5

In the following section, the extinction of the system 1.2 infectious disease under random
disturbance of white noise will be discussed. In order for SDE model 1.2 to have research value,
we need to at least prove that this SDE model does have a unique global solution. The existing general
existence-and-uniqueness theorem on SDEs is not applicable to this particular SDE in order to ensure
these properties. Therefore, new theories need to be established.

Theorem 3.1. For an initial value (S(0),1(0), R(0)) € R3.. The solution (S(t),1(t), R(t)) of the proposed
stochastic epidemic model 1.2 is unique, for t > 0, Moreover, the solution remain in R3. with probability 1.

Proof. Our proof is motivated by the works of Mao et al. [30] and [31]. It is clear that the coefficients
of the equation of the model are locally Lipschitz continuous for any given initial size of population
(S(0),1(0), R(0)) € R3.. It follows that there is a unique local solution (S(t), I(t), R(t)) ont € [0, 7],
where 7, is the explosion time(for detail see the reference [23]). To show that this solution is global,
we prove that 7, = oo a.s. Let kg > 0 be sufficiently large, so that S(t), I(¢) and R(t) all lie within the
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interval [ , ko). For each integer k > k.
Define the stopping time

T ={t € [0, ) : min{S(¢),1(t), R(¢)}
1 (3.1
< ot max{S(t),I(t),R(t)}}

We set inf @ = oo as usual. According to the definition. 7} increases as k — 0. set Too = limy_, o Ti-
To < Tp 4.5

If we can show that e, = 00 a.5. then 7, = 0. and (5(0), 1(0), R(0)) € R% a.s.V t > 0.We need to show
that 7, = o a.s.

If this statement is false. then there exist a pair of constants T > 0 and ¢ € (0,1) s.t.

P{t < T} >e. (3.2)
s Hence there is an integer ky > kp. such that
82 P{TkgT}>€Vk2k1.

Let N(t) = S(t) + I(t) + R(t) for t < 7.

dN(t) = d(S(t) + I(t) + R(t ))
= (A —aS()R(t) — uoS(t) — (po + p1)1(t) — uoR(t)) dt (3.3)
(A—%Umﬂ);WWﬂ—mHmdt
< (A —uoN(t)) dt
A IFN(0) < A
N(t) = {"0 N =M (3.4)
N(0), N(0)> &
Now, we define a C2-function V : Ri — R 4. Such that
V(S,LR)=S+I+R-3—(InS+InI+1InR) >0 (3.5)
which can be seen fromy —1—-Iny >0V y > 0.
LetVk > ko, VT > 0. The application of It0 formula.
dv(S,I,R) = ( ) ds + ﬁ(ds) (1 - f) dI + 212 (dI)2+
_— (3.6)
(1 R) dR + 2R2 (dR)?

= LV(S,I,R)dt +7(1 — S)dB(t)

LV : R3 — R, is defined by the following equation,
1 1,5
LV(S,1,R) = (1= ) (A = BS()1(H) = aS(OR(t) — (o +v)S(1)) + 571

+ SRR (v~ﬂmm<><m+m+mﬂmhéﬁ§

+(1- 7) (711() + vS(£) — poR(£) + aS()R(£)) + 217252 (37)
SA+BI(E) +aR () + (po +v) + (o + 11+ 711) + 1o

+ SR (S0 + P() + iB((0) + R(1)
<A+3pg+ v+ +PM2 4+ 3M2 4 (B+a)M =K
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For the convenience of reader we cite the generalized It6 formula:If V € C*(R3. — R.),then for any
stopping times 0 < 71 < 7 < o0

EV(x1(12), x2(12), x3(12)) =EV (x1(71), x2(71), x3(71))
+E /T P LV (xa(8), x2(8), x3(1)) dt
Consequently

E[V(S(wAT), It AT),R(w A T))]

<E[V(5(0),1(0), R(0)))] + E[/OTkATKdt] (3.8)

<V(5(0),1(0), R(0)) + KT

Setting O = 7 < T, for k > ky. As a result, reads P(Q);) > €. Note that for every w € (), there exists
at least one S(t, w), I(T, w), R(T, w) that equal k or }, and hence V(S(7), I(ti), R(tk)) is not less
thank—1—Inkor ; —1+Ink.

V(S(w), (1), R(%)) > E(k— 1 — Ink) A (% —141nk) (39)

It then follows from 3.2 and 3.8 that
E[V(5(0),1(0), R(0))] + kT >E[1 )V (S(), I(t), R())]

(3.10)

>[(k—1—Ink) A (7 —1+Ink)]

1
k
10(w) is the indicator function of (3, k — co.

oo > V(5(0),1(0),R(0)) + MT = oo

Which implies 7o, = o0 a.s.

Lemma 3.2. Let (S(t),1(1), R(t)) be a solution of system 1.2 with initial value (S(0),1(0), R(0)) € R3.
Then

fo JomSEIE)dBi(s) _ i mS(s)R(s) dBa(s)

t—o0 t t—00 t

=0

Proof. Let

By the Burkholder-Davis-Gundy inequality in [30] and Lemma 2.3, we have

Elsup | X(5) ) SCoE[ [ S(5)P(s) By 5)]%

0<s<t

SCgth[ sup S%(s)I%(s)]
0<s<t

SM(;CQt%
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where My = /;—g
0
Let € be an arbitrary positive constant. Then
P{lw: sup | X(t)["> (ko)1Hetey
ko<t<(k+1)6
SE( X((k+1)9) |)
- (k5)1+e+%
25 MyCy
—-(k5)1+£
By Doob’s martingale inequality and the Borel-Cantelli lemma in [30], for almost all w € Q). We get
that

sup | X(1) < (ko)tets (3.11)
1<6<t<(k+1)6
hold for all but finitely many k. Thus, there exists a positive ko(w). Hence, if k > ko(w) and
1< 6 <t<(k+1)é. foralmostall w € ), then

In|X(t) ¢ (1+e+$§)In(ks) 6
< = bl
nt = In(ko) Te+s

so, we have

1n|x(t)|<1+s+§

li
s S Y S
Let ¢ — 0, then we obtain that
lim su In| X(t) | < 1—1—1
Pt =279
11

Then, for arbitrary small positive constant e(e < 5 — 3
There exist a constant T(w) and a set (), such that P(Q)¢) > 1 —¢and fort > T(w). w € Q.

In| X() 1< (2 + X 4¢)int

2 0
Therefore .
s tgte
lim sup In | X(t) | < lim sup SR
t—o0 t—ro0
Notice that .
Jim inf 2L XO S
t—o0 t
Then we have I
e X0 |
t—00 t
i.e. ;
S(s)I(s)dB
im DXy JomSEIE)dBi(s) _
f—00 t t—00 t

By the same argument, we can also obtain

im Jo 128(s)R(s) dBa(s)

t—00 t

=0
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Lemma 3.3. [9] Let M = M;>q be a real valued continuous local martingale vanishing at t = 0, then
hm (M M); = o0 a.s. implies that hm D A = 0 a.s.and also

{M,M); >

M;
MM)
M

hm sup L < 0a.s. implies that hm t =0as.

t—00

Lemma 3.4. [32] Let f €C [0,00) x (0, 00) and F(t) €C ([0, 00] x €, R), If there exist positive constants
Ao, A and T such that
Inf(t) < At— )\Ofo ds+F()asforallt>Tand

lim (t) =0as. thenhmsuptf0 s)ds < {+
t—

t—r0co
3.1. Extinct
Theorem 3.5. Let (S(t), I(t), R(t)) be the solution of 1.2. with any initial value (S(0),1(0), R(0)) € R3.. if

S

Ro—
2ud(po+ 1+ 1)

<1

’71
<
" B

hold, then the disease goes to extinction almost surely, i.e.

lim I(t) — 0

t—o0

Proof. The integration of the proposed stochastic epidemic model leads to be following system of
equations

5(t) —5(0)
t

—A — BS(I(0) — a(SOR(E)) — (o + v){S(1))
~ M [ s(s)1(s)dBi(s) — "2 [ S(s)R(s) dBas)
t Jo t Jo
=B(SOI) — (o + i + 1) (H0) + 1 [ 5(5)1(5) a1 (9 (6.12)
RUD=ZRO) 10y +u(5(6)) — po(R(1)) +a(S(OR (1))

) 'S(s)R(s) dBa(s)

t

1(t) — 1(0)
t

Therefore
5(1) - 5(0) , 10~ 1(0)  R(H) ~ R(0)
t t t
— A — 1o(S(8)) — (uo + w1 )I(E)) — o (R(E))
SO
60D=;JA—Om+mMHW—ﬂMMQﬂ+®U) (3.13)

where ®(t) = —%(S(t);s(o) + I(t)zl(o) + R(t);R(O)) Obviously ®(t) — 0 a.s. t — co. Applying to Itd

formula to the second equation of 1.2, we arrive at

dinI(t) = BS() — (o + pr +m) — dt +15(t) dBy (1) (3.14)

n3S*(t)
2
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The integration of 3.13 form 0 to t and division by ¢ leads to the following equation
InI(t) —InI(0 2(82(£)) 1 [ S(s)dBy(s)
I 1) =10 1O) g9y (g gy ) — D M
| s, niswane O
S(t 1 |y S(s)dBi(s
<BIS() — (o + +7y) — HEDE | 1y SC

Substituting 3.12 in 3.13 and by the use of the local continuous martingale My (t) = 1, fg S(s) dBi(s)
with M; (0) = 0.

We obtain
InI(t) —In1(0) A (po+p)(I(t)  (R(H)
T B T s S ) ~ (e )
— ;77%(::) _ (V0+};tl())<l(t)> _ <R(i‘)> +(b(t)>2+ Mlt(t>
2A2
_/ilo\ _ Bluo +;to1)<1(t)> B ﬁ(l;(()fD (o4 i +71) — 1721;%
_mluo+p)XI0)? - ni(RE)? Ao+ i) (1))
2u3 2u} M
2
N '71A<12<(t)> ~ mpo +#1)2<1(t)R(t)> N Mlt(f) +oh) (3.16)
Ho Ho
BA  iA? niA (R(1))
5%— 2114% —(V0+141+’Yl)+( ;0 —/5) ”
A (po+p)(I(t)) | My(t)
+(%1io 5 o o el
a2 A (R(t))
S(yo+y1—l—’y1)(’/€— ZV%(VOJlrﬂl +71)) * < l140 _‘B) Ho
niA (o +p1)(I(t)) | Mi(t)
+(;0 —ﬁ) 0 ylo + 1t + o(t)
where

2 02
o) = T pogy g (2 - U0 =) _ (KO
M < 1A

—— < 00 4.S.

Moreover, lim sup <

t—oo

Now by Lemma 3.3 and using ®(t) = 0 a.s. t — co. It may be verified that

M (t)

lim sup L —0and lim ¢(t) =0ass. (3.17)
t—o0 t—roo
If the assumption is satisfied, then
lim sup InI() <(po+p1+m) (R _ W%Az ) + (W%A _ ﬁ) (R(t))
treo BT 23 (4o + 11+ m) Ho Ho

2N I(t)) | I(0 3.18

+(171 _ﬁ)(uoﬂnx()hr (t) (3.18)
Fo Ho

<0a.s.

Now, 3.18 implies that
lim I(#) =0 a.s.

t—o0
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We observe from the proposed model that
dN(E) = (A = poN(t) — (1)) dt
t
N(E) = e M (N(O) + [ (A= jnl(s))e " ds)

lim (S(f) + R()) = lim ((N(O) aall (Ae;oi‘”(s))e_ms ds _ (1) = %

t—oc0 t—o0

Thus, we have
. A
Jim (S(t)+R(t)) = o as.
tlgglo S(t)=S tlgglo R(t) =R

oa 3.2. Permanence in mean

theorem 3.6. Let (S(t), I(t), R(t)) be the solution of 1.2 with any initial value (S(0),1(0), R(0)) € R3.. If

R BAV 2B A%a + A (po +v) o1
po(po +v)(wo+ w1 +171)  2(po +v)? (4o + 41+ m)
hold, then the solution has the following property:
o S
hmtl_rgo(l(t)) >Cas.
then the diseases are said to be permanent in mean. a.s. where
(o + V) (o + 1 + ) (R = bty — A et )
C — 0 0TH ! po(pot+v) (hoti+r)  2(po+v)*(pot+pa+1)
Blpo+ 1+ 1)
Proof. By the theorem 3.5 and the equality of 3.12 we arrived
5(t) =5(0) , I(t) — 1(0)
+
t t
My (t
A~ a(SOR() ~ (o +1)S(0) ~ (o +pa + ) {1(0)) — Y20
((8)
1

:#0 1y (A - “<S(t)R(t)> - (,710 ‘|‘1/)S(t) — (]/10 + 1+ 71)<I(f)> _ MZt(t))
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In1(1) - In 1(0) Ma(t)

t
>mfi (A= a(SOR) — (g0 +v)S(1) — (o + pir +71){1(1))
M 2A2 M
B #) ~ ot - 2(;701+v>2 " 1f(t)

BA  PA% mA?  Bluot i +m)
ZP‘o—H/ (o +v): 2(}101—1- V)2 po +v e
BM;(t) N M (t)
po +v)t t

B BAv
>(po+p1+m) (R wo(po +v)(po + 1+ 7)
2N+ AN (gt v) 1) _ Bl it gy,
2(po +v)*(po + 1 +711) otV
BM;(t) N M (t)
o +v)t t

=B(S(E) — (po + p1 +1) — 7S2(0) +

(3.19)

—(V0+V1+’Y1)—(

—(ﬂ0+ﬂl+71)—(

then

_ BAv _ 2PN A (poty)
(I(£)) >(y0 TR~ e mmT )~ APt~ Y

- B) (3.20)
po+v (Ml(f) _ BMa(t) )
Bluo+mui+m)\ ¢ (mo+v)t
Solving the 3.19 and 3.20 with the help of inequality 3.17 and taking the limit inferior of both side, we
get

v 283 A2a+12 A (po+v)
(o +v) (R — b — S - 1)
limti_r>150<l(t)> > Ho(po+v) (po+p1 ‘371) (o +v)? (Ho+p1+71) (3.21)

=C

os 4. Conclusion and simulations

% In this section, we use the stochastic Euler method, we next present the computer simulations to
oz support these results, illustrating extinction and persistence of the disease.
o8 To verifies our analytical results, we take the paraments value as follows:

929

Paraments Value

A 0.5
B 0.3
% 0.4
100 Ho 0.1
Hi 0.2
v 0.4
Y1 0.6
m 0.22
1 0.45
It is easy to ensure the conditions R — S\ 0.9994 < 1 A _ 0.242 < 0.3 = B, see
- Y 2u5(potmtn) S T I

102 Figure:3 and Figure:4. This indiecates the extinction of epidemic disease.
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Figure 3. ODE Computer simulation A = 0.5, 3 = 0.3, « = 0.4, yo = 0.1, 1 = 0.2, v = 0.4, y; = 0.6,
nm =022, 5, = 0.45,(5(0),1(0), R(0)) = (0.9,0.6,0.5).

Figure 4. SDE Computer simulation A = 0.5, 8 =03, 2 =04, 0 = 0.1, y3 =02, v =04, 71 = 0.6,

7 = 022, 12 = 0.45,(5(0), 1(0), R(0)) = (0.9,0.6,0.5), R — %W’Zi% <1, BAcp
103 To verifies our analytical results, we take the paraments value as follows:
104
Paraments  Value
A 0.5
B 0.6
it 0.01
Ho 0.1
105 ‘ul 02
v 0.15
T 0.4
m 0.01
12 0.45
pAv 28N+ i A% (po+v)

106 It is easy to ensure the conditions R — =1.7016 > 1, see

) ) mo(uo+v) (ot +11) — 2(uotv)2(potpa+11)
w7 Figure: 5 and Figure:6. This indicates the permanence in mean of epidemic disease.
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Figure 5. ODE Computer simulation A = 0.5, B = 0.6, « = 0.01, 49 = 0.1, 41 = 0.2, v = 0.15, 7 = 0.4,
1 = 0.01, 5, = 0.45,(5(0),1(0), R(0)) = (0.9,0.6,0.5).

SCEY

S e 7
T N

Figure 6. SDE Computer simulation A = 0.5, 8 = 0.6, &« = 0.01, o = 0.1, p; = 0.2, v = 0.15, 71 = 0.4,

_ _ _ _ BAv _ 2N aA N (potv)
;717 O_160.01i 72 = 045,(5(0), 1(0), R(0)) = (0.9,0.6,0.5),R — Soriil s — gt ie e =
) > 1.

108 Most real-world problems tend not to be deterministic, but to have stochastic effects. Based on the
100 epidemic diseases of hepatitis B, this paper also considers the effects of environmental noise between
10 susceptible individuals and recovered individuals. The dynamics of the model is given and sufficient
1 conditions for its extinction and permanence in mean are discussed. Through numerical simulations,
12 we clearly observed the behavior of infectious diseases. However, the critical condition of the model
13 still needs to be proved and discussed.
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