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This paper investigates the dynamics of a COVID-19 stochastic model with isolation strategy. The white noise as
well as the Lévy jump perturbations are incorporated in all compartments of the suggested model. First, the
existence and uniqueness of a global positive solution are proven. Next, the stochastic dynamic properties of the
stochastic solution around the deterministic model equilibria are investigated. Finally, the theoretical results are
reinforced by some numerical simulations.

Introduction

Infectious diseases modeling has captivated the interest of many
research works during the last recent years [1,6,2-5,7]. The basic SIR
model representing the dynamics behavior of the three main pop-
ulations that represent the susceptible (S), the infected (I) and the
recovered (R), was firstly proposed in 1927 by Kermack and Mc Ken-
dricks [8]; the suggested model has played an important role in starting
different research works in disease dynamics field. Understanding the
interaction dynamics between the different infection components be-
comes then an important issue to prevent many serious infectious dis-
ease outbreaks. For instance, several mathematical models have been
used to better understand the behavior of various viral infections, such
as the hepatitis B virus (HBV) [6,10,9,11,12] human immunodeficiency
virus (HIV) [1,14,2,13,15,3,4] or hepatitis C virus (HCV) [16,19,18,17].

COVID-19 is a recent pandemic disease that was behind a great
disaster worldwide. Since there is still no efficient vaccine against
COVID-19, substantial number of researches are undertaken in order to
understand the disease mechanism, reduce the disease spread and find
some solutions to this serious infection. As it was established, COVID-19
is the recent form of coronavirus infection induced by the already known

* Corresponding author.

severe acute respiratory syndrome SARS-CoV-2 [20-23]. This recently
discovered disease can be transmitted from an infected to any close
unprotected person; likewise the susceptible can become an infected
individual when touching any contaminated area [24]. Hence, isolating
infected persons from the other susceptible population becomes more
and more an important mean to reduce and overcome COVID-19
propagation.

Recently, different models have been investigated to study COVID-
19. For instance, the risk estimation, the infection evolution and the
prediction of COVD-19 infection is studied [25-28]; the authors con-
cludes that for ensuring a quick ending of the epidemic, the in-
terventions strategy and self-protection measures should always be
maintained. The meteorological role and policy measures on COVD-19
spread were studied in [29,30]; it was concluded that the policy strat-
egy has reduced the infection and the meteorological role can be
considered as an important factor in controlling COVID-19. The effect of
quarantine on coronavirus was discussed in [31]; the results confirm the
importance of reducing contact between the infected and other
individuals.

Since the isolation strategy is an important tool to reduce the
infection, adding another component representing the isolated in-
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Table 1
The sensitivity indices of Ry.

Parameters Sensitivity index

A 1

Vi 1

¢ -2.39

v 0.921

K 0.514

d 0.334
Table 2
The used parameters for the numerical simulations.

Parameters Fig. 2 Fig. 3 references
A 1785.205 1785.205 [43]
¢ 0.35 0.49 -
p 0.13 0.13 [43]
v 2.7 x 1074 0.03 —
K 0.15 0.35 [43]
d 0.038 0.038 [43]
01 1074 105 -
02 2x 1074 2x 1074 -
03 2x 1074 2x 1073 -
[ 2x 1074 2x 1074 -

7 (W) —0.04 —0.04 -
75(w) —0.006 —0.006 -
73(1) —0.008 —0.008 -
A —0.009 0.009 -
n BSI al 7Q
. [ ‘J
|=——
| G+ )0 |

Fig. 1. The transfer diagram for the SIQR model.

dividuals («) to the classical SIR model becomes primordial; and the
new epidemiological model will be under SIQR abbreviation [32].

To investigate the dynamics of COVID-19 in this paper, we subdivide
the total population into four different epidemiological classes in which
their descriptions are defined later. The parameters used in the co-
infection model are summarized in Table 1,2, and the schematic dia-
gram of the compartmental COVID model is shown in Fig. 1.

The SIQR deterministic system of equations may take the following
form:
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t) = 1-¢S(0) — S (0)S (v),

B (-7 (1) = (£ +0).7 (1),
®

v (1) = (C+x+d)@(1),

k@ (t) = C(1),

.&
SR
/N
~
~_
Il

where 1 is the birth average of the susceptibles, their mortality rate is
denoted by ¢.7”. The susceptible become infected at a rate .7, the
death rate of infected population is denoted by ¢.7; the infected become
isolated at rate v.7. The death rate of the isolated individuals due to the
infection is represented d and due to others means is {#. Finally, the
isolated become recovered at rate x<; the death rate of the recovered is
denoted by (.%.

On the hand, stochastic quantification of several real life phe-
nomena have been much helpful in understanding the random nature
of their incidence or occurrence. This also helped in finding solutions
to such problems arising from them either in form of minimization of
their undesirability or maximizing their rewards. Besides, the infec-
tious diseases are exposed to randomness and uncertainty in terms of
normal infection progress. Therefore, the stochastic modeling are more
appropriate comparing to the deterministic models; considering the
fact that the stochastic systems do not take into account only the
variable mean but also the standard deviation behavior surround it.
Moreover, the deterministic systems generate similar results for initial
fixed values, but the stochastic ones can give different predicted re-
sults. Several stochastic infectious models describe the effect of white
noise on viral dynamics have been deployed [33,7,34]. Recently and in
the same context, a stochastic SIQR model is studied in [35], the au-
thors introduce the Brownian perturbation to the four components of
the model and study the different conditions of extinction and
persistence of the infection. Both of white and telegraph noises were
taken into consideration to study SIQR model [36], sufficient different
conditions to establish persistence in mean were studied.

In addition to the cited random noises, Lévy jumps present an
important tool to model many real dynamical phenomena [37,38].
Indeed, because of the unpredictable stochastic properties of the disease
progression, infection dynamical model may know sudden significant
perturbations in the disease process [39]. Then, it will be more reasonable
toillustrate those sudden fluctuations through an introduction of the Lévy
jump behavior into the infection model. For instance, Berrhazi et al. [40]
studied, recently, a stochastic SIRS model under Lévy jumps fluctuations
and considering bilinear function describing the infection. The unique-
ness of global solution was established, also through suitable Lyapunov
functions, it was demonstrated that the stochastic stability of steady states
depends on some sufficient conditions for persistence or extinction of the
studied infection. Motivated by the previous works, we will consider in
this paper the following stochastic SIQR model driven by Lévy noise:

mlu)r (z - )N <dz, du) ,
Z 2
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where W;(t) is a standard Brownian motion defined on a complete
probability space (Q,.7, (.7 ¢) 0, P) with the filtration (.7 ), satisfying
the usual conditions. We denote by . (t—),.7 (t—) , @(t—) and Z(t—)
the left limits of .77(t), 7 (t), @(t) and Z(t) respectively. N(dt,du) is a
Poisson counting measure with the stationary compensator v(du)dt,
N(dt, du) = N(dt, du) —v(du)dt with v(U) < oo and o; is the intensity of
W;(t). The jumps intensities are represented by 4, (u) withi = 1,...,4.
The present work will be organized as follows. The next section is
devoted to establish the existence and uniqueness of the global positive
solution to the studied model (2). We calculate the basic reproduction
number and the different problem equilibria in Section “The basic
reproduction number and equilibria”. The stochastic behavior of the
solution of the disease-free equilibrium is studied in Section “The sto-
chastic property around the free-infection equilibrium”. The dynamics
of the solution of the endemic equilibrium is studied in Section “The
stochastic property around the endemic equilibrium”. The sensitivity
analysis is presented in Section “Sensitivity analysis”. The final part of
this paper is dedicated to some numerical results in order to support the

AV (ST, @, R) =LV dt + 61( — a) dW, + 02(F — 1) dW» + 63(& —

/[/1 & — alog(1 +71(”))]N(dt,du>

+ [l
+ [l

+/[¢4( )% —log(1 + 4,(u
U

—log(1 + »,(u))IN (dt7 du)

—log(1+ »#5(u N(dl, du)

DV (arae).

theoretical findings.
The existence and uniqueness of global positive solution

The existence and uniqueness of the problem (2) global positive so-
lution is guaranteed by the next following theorem.

Theorem 1. For any initial condition in Ri, the model (2) has a unique
global solution (.7 (t), 7 (), @(t), #(t)) € R% almost surely.

Proof. First, we know that the diffusion and the drift are locally Lip-
schitz  functions, therefore = for any initial condition
((0),.7(0), @(0), %(0)) € R*, we have the existence of a unique local
solution (.(t),.7 (t), @(t), #(t)) for t € [0, t.), where t, is the time of
explosion.

In order to demonstrate that this solution is globally defined, we
need to check that t, = « a.s. Firstly, we will demonstrate that (.7(t),
J(t), @(t), %#(t)) do not tend to infinity for a bounded time. Let my > 0,

be sufficiently a large number, in such manner that (.»(0),.7(0), ©(0),
%(0)) be within the interval {mlo mo} . We define, for each integer m>msy,

the stopping time

e o) () o (i) ) ¢ L)
(o) o ()
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where t,, is an increasing number when mfeo. Let t,, = limp,_, o tm, where
to<t. a.s. We need to show that t,, = co which means that t, = co and
(L), 7(t), @(t),%(t)) € R a.s. Assume the opposite case is verified, i.
e. ty, < oo a.s. Therefore, there exist two constants 0 < e <1land T > 0
such that P(t,<T)>e.

Therefore, there
P(tn<T)>eforallm>m; .

Let’s now consider the following functional

exists an integer my>my such that

7(I(1),T (1), @ (1), 2(t)) = (/ a— alog( > + (.7 —1—log(,.n))

+(@—1-1og(@))+ (#—1—1og(#)),
with a is a positive constant.

Let m>mg and T > O be arbitrary. For any 0<t<t, A T = min(t;,, T).
From It0’s formula, we will have

1) dW5 + 04(# — 1) dW,
3
where
LY = ( j) A=¢7() - p7r )7 (1) + %
+<1 *}) (ﬁ](l)](l‘) — ((; + D)](z)) +%
+(1 _%)(U«/( )= (¢ +x)@( ))+%

+(1—%>(Kc() c7) +

S
&
N— N

+/U{¢<> log(1 + () Jv

+ / lpa) — Tog(1 + () 0

/N
QU
<

~_

+ / lys0) — Tog(1 + () Jo

/N
~_

+ / lpae) — Tog(1 + yy(u)) v

ey
U
<

N——

therefore, we will have
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tn AT tim AT tin AT é« tin AT
/ AT(L W), 7)., ), #dr< [ Mdi+ o / (,7 - ﬁ) aw, (r) +os / (
0 0 0 0

tin NT st AT
+63/ (@’— 1) dW3 (l’) +G4/ (;1/;/ —1
0 0

/ / ol

L7'A+C+al+ (afp— )7 + (C+0) + (¢ +k)

LN
2 2 2 2

+/U(a¢|(u)*“1°g(l+7‘ ,/( )
)

+/U(72()710g + g (u l/(du

+/U(¢3( u) —log(1 + 5 (u v(du)
+/U(¢4( ) —log(1 + »#,(u)) I/(du),

by choosing a = %, we will get

/;7

7°(7(0),.7(0), @(0), %2(0)) + MT>E(Ig, ()

2
L’7/</1+§+%+(§+u)+ <§+K>

CGI 4
— aM' =M,
+2/}+ +2+

where

wr=max{ [ 0-108(15, ) (). | (00108140 ().
[ s0-t081 45000 (). )14, () .
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Integrating both sides of the Eq. (3) between 0 and t,AT, we get

N
|

\
i
o
VQ
=
+
A
S
=
= )
/N /N /N
&
3
N———
53

This leads to

0 <E(7(F(tn AT), 7 (tn AT), @(tn AT), #(tn AT)))
<7((0),7(0), €(0), #(0)) + MEls,, A T] @
<7((0),7(0). €(0), #(0)) + MT.

Set Q,, = t,,<T for m>m,. From (3), we obtain P(,,)><. Noting that
for every o € Qn, there exists S(ty, @) or I(tn,w) or Q(tm,w) or R(ty, )
equals to either m or 1/m,

7(S (tm, ), (tm, ®), @ (tm,®), #(tm, ®)) is not less than either

m—l—log(m)orl—l+log<m>.
m

This fact implies that,

7S by, @), (b,

()

It follows from (4) that

@), @ (ty, @), B(ty, w))=(m — 1 —log(m)) A (% -1

S (tm; @), (1, @), @ (1, ), F (b, ®)) )

(o) oum 3 )]

where I, denotes the indicator function of Q,, letting m—oo, we will
have

lim P (t,,,gT) =0.

m—co

Since T > 0 is arbitrary, then

P(te < 00) = 0.
So,
P(to = o0) = 1.

Therefore, the model has a unique global solution (.7(t), 7 (t), @(t),
(b)) as. O
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The basic reproduction number and equilibria

The model basic reproduction number (1) is given by Ry =
Apo
C(C+v)(C+d+x)

secondary infected individuals generated by only one infected person at
the start of the infection process. The problem (1) has a unique free-

. Its biological meaning stands for the average number of

infection equilibrium & = (%,0,0,0) and an endemic equilibrium

& = (7,7, &, #") given as follows

o=t ; :
@ = %O(ﬁ/l — L +2)),
@ = f};fj (b2~ C(0 + ).

Following the same reasoning as in [41,32] concerning the equilibria
stability of the deterministic SIQR model, we can establish that & is
globally asymptotically stable when R,<1. Besides, when Ry > 1, &5

losses it stability and the other equilibrium & becomes stable.
The stochastic property around the free-infection equilibrium

Around the free-infection equilibrium &, we have the following

dZ' (1) = (— Cﬁ?”(z
71

)
()

dyn = (p7(1)7(

(7 (=) + D (anar).

stochastic property.

Theorem 2. If Ro<1 and

I = 2{—26?—6/7,% (u)v(du) >0,
U
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L =2-20;— 3/% (u>y<du> >0,
U

L =2— 2(7_% - 3/% (u)l/(du) =0,
U

A(16v — (C+k+d
(U= Crrra,

then,

i tel [ ()2 +() ()

and

py =min{li, b, 15, ls}.

Proof. Weset 7 (t) = y(t) 4, y(t) = J(t), 7/(t) = /(t) and ()
= Z(t), then the model (2) becomes

()7 () s s ()i () + s )

/) +ﬂg,’y(r) - (§+u);,z/(t))dt+azz/<z>dwz (:) +//2< ) 2 <t7 >1V(dz,du>,

d7'(t)= 7 () — (+«k+d) 7(t)dt + 03 7(:) dWs (t) + /U% <u> 7 (t - )N(dt, du),
dZ () = «7(t)—¢Z(0))dt + 042'(1) aw, (l) + /Uﬂ( )Z (t - )X/(dt, du>4

We consider the following functional
F&Z,9.7,2)=(Z+ %+ 7V +a¥+a?7 +a2Z,

where ¢y, co and c3 are three constants that will be determined later.
By using It6’s formula, we have

dF = LFdt+2(Z + % + 7) (gl (1 + ’%) AW, + 0, Y AW, + 657" dW3) + 100 Y AW,

¢

203 77 dWs + c364.Z dW, + /U (7 () (# + 4) + 72 (1) 7 + 7 () 7/‘)2171 <dt,du>

(5)

AL+ Y+ 7/‘)/”71 (u) (/ + %)N(dt, du> + cl/f2 <u)ﬁ<dz, du)

ver [, (u)ﬁ(dt, du) o[ (M)N(dt, du),
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where

LF=2(Z+ %+ 7‘)(74%445//—(§+K+d)7/')+af(

7+l
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)

vei(pr 1 p (c+0)) ¥+

¢

ta0 ~ At d)7) 4R T k7 - (2)

L= (o))

=D -WY =2 +k+d) 7+ (f—4)ZY — (A& +x+d) (27 + y7)

+(ew-e (c+u—/ﬁ)) +(ek =l +x+d) 7 — et Z + 0

¢

L+

2)

+6§ d//z + ag 7?4+ /U(yl (u) (/ + %) +2, (u) Y+ g <u) ‘7/">21/(du) .

(160—(C+x+d

Now, we choose ¢; = % and ¢y =2 ) ) and ¢c3 = 08v-—(Ektd)

4ok k4
we get cf—4= 0, cw—¢ (g“Jrv 7,6%) :W(Ro 71> and

csk —ca(¢ +k +d) =0, since Ro<1, 2ab<a? +b% and (a + b + ¢)?<3a® +
3b% + 3c2. We will obtain

we conclude that

,EH:OSUP%[E{ AI<<Y(T) _g)z + 7 (1) + @(z) +%(T> )df}#%.

a

Remark 1. From our last result, one can conclude that when Ry<1, the

LF — <2¢ —20% — e/ﬁ (u)l/(du) ) 7° - (2§ 203 — 3/U¢§ (u)l/(du)) Ve

_<2§_ 203 —3/U¢§ <H>I/(du>> 72 _W
+<a§+6//$(u>y<du)><

Therefore
LFS—L 2Ly~ L7 —1,.Z + M,
where

- (oo f M)

Integrating both sides of the Eq. (5) between 0 and t and taking into
account expectation, we have

O<E(F(2 (1), 7(1), 7 (1), Z(1)))
<r£{ /Ot( -1 (7(7) - %)2 — LI (1) — LE(x) - 14%(7) >d1}

HE(Z(0), 7(0), 7°(0), Z(0)) + Mz,
let now p; = min{l, b, 15,14}, then

[E{ /0((/(1) - g)z + I + €y

e (0) Jar ) FILO L0702 0)

+t,
Pi Pi

)

z

solution fluctuates around the free steady state .
The stochastic property around the endemic equilibrium

The infection steady state & has the following stochastic property.

Theorem 3. IfRy > 1,

8¢ — d) (8¢ +2d

R R O R
8¢ —d)(8¢ +2d

w= S B ()]0

b 12*5%74/117%("011(&{);0’

SR ()]0
U

and

8¢ — d>0,

then,
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tlig:osup%[E{ /Ot((.y(r) IV (@) -V + (@) - @)

Since
+ ((#(1) — %) )dr }sﬁﬁ A=+ T+ @+ R +da,
2
therefore,

where

M=+ R A +3/ <>Y*Z+¢§<u>¢f2

+7 (u) @’ +42 (u) %*zv(du)

LG:(,7—,(/+J—J"+@—@*+%—y;f‘)(—g(y—y*+./—f+@—@’*+%—%")

1,
~o2 R’

) . 1,
—d(@—-a"))+ Lpgr Lo +56§6:”2 +5

20 22

+/U%(7'l(u)']+72(”)j F70€ + 7 WA (du>’

and
then,
Py = min{ls, le, 17, 18}'

Lo=—YS S +F -+ @@ +R RV —d@ @V +d@ -V~

+d(@ - @NT - I )V +d(@ — @) R~ R )+§o%ﬁ +§a§f2

HAC 3P [ 1007 47 + g0+ g (an).

Using the inequalities 2ab<a® +b2, (a+ b + ¢ + d)><4a® +4b? +4c?

+4d? and 2ab<% +eb? with € = 85;‘1 we will obtain

Proof. First, let the following function:
_ 1 * « " N -
ST CR) =S =S + T =T +C =+ R =T ),

By using It6’s formula, we will have

dG= LGdt+ (S-S +7 -F +@ @ + %% )67 dW, + 627 dW, + 65@ dW;

vozaw)+ [ §(¢.<u>s<7+72< 1+ g€ + 1)) ©

NS =T 4T =T+ 0= 4R —F) g, + 7y ()T + 75 (u) @ + 74(14)%)171(51[7 du),

with

IG=(S -S4+ - T +@ - +R—-FVNA— T+ + @+ F)—d@)

1, 1 1 1, 1 ~ _
+§‘7§<7/2 70 2+ Easﬂ 553%2+/l/z(yl(u)f7”+¢z(u)~]+¢3(u)@+¢4(u)<%)21/(du)-
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(B —d)(8L+2d)
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LGS — (W7 o 74//? <u>y(du>>(y/ -
*(%—ﬁ 74/1/5(14)1/((114))(,}’7,7* )

,@75‘2‘ 74/U¢§<u>y<du>>(@— ay?

_(—(ng d)(8¢+2d) _ o2 — 4/{/742t (u)v(du))(% -7 +of.5/"2 +0§.]*2

16 +2d

+03 @’ + aﬁg%‘*z + 3/% (u) 77 7 (u)fﬁz +4 (u> @’ + 7 (u) //ff*zy(du) .
U

Since 8{ —d > 0, therefore (8 —d)(8¢ + 2d) > 0, which implies

LGK—I5(S = "V —ls( S = T* V' — (@ = @V (R~ F) + M,

where

%2

My =07+ 1 2 + 3/% (u) I (u)]
U

+7 (u) a7+ 7 <u> Zy (du) .

Integrating both sides of the Eq. (6) between O and t and taking
expectation, we will get

Sensitivity analysis

The sensitivity analysis is used principally to determine which model
parameter can change significantly infection dynamics. This allows to
detect the parameters that have a high impact on the basic reproduction
number Ro. To perform such analysis we will need the following
normalized sensitivity index of Ry with respect to any given parameter 6:

70R0£

Po _ERO’

therefore, we obtain

0<E(G(.-L(1),.7 (1), @(1), 2(1)) )
s[E{/ (—5(F () =TV =l S (1) = IV —y(@(x) — @) = ls(#(z) — R") )dr}
+G(.7(0),.7(0), €(0), %(0)) + Mt

0

let p, = min{ls,ls,l7,ls}, then

therefore,

lim sup;[E{ /0[((7(1) ~ IV (I =TV + (@) - @)

1—-+00

+(2(t) — %) )dr }s%

|

Remark 2. From our last finding, one can conclude that when Ry > 1
the solution will fluctuate around the steady state &".

402717
(»0/1: 1,‘
o = ¢
v (_:-‘rl}’
. —d
(pd7§+d+K7
—K
P
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Fig. 2. Contour plot of Ry depending on f and v.

and

o) td+r) +HLE+d+r) +(E+0)
¢ C+o)C+d+x)

From Table 1, we observe that the parameters A, # and v are positive
sensitivity indices and the other remaining parameters ¢,k and d are
negative sensitivity indices. We remark that the parameters 4,4 and v
have large magnitude, in their absolute values, which means that they
are the most sensitive parameters of our model equations. This indicates
that any increase of the parameters 4, # and v will cause an increase of
the basic reproduction number, which have as consequence of an in-
crease of the infection. Oppositely, an increase of the parameters ¢, d and
x will decrease R, which leads to a reduce of the infection.

Fig. 2 illustrates the contour plot of Ry, we observe that for # = 1 and
v =0 the value of Ry reaches the maximum value 5.11 x 10%. By
decreasing $ and v from 1 to 0, we remark that the value of Ry decreases
also and tends toward 8.75 x 10~ (corresponding to f = 0;0 = 0).
This result reflects the impact of these two key parameters in controlling
the infection.

From the contour plot of Ry given in Fig. 3, we observe that for # =1
and « = 0 the value of Ry reaches the maximum value 1.03 x 103. When
the parameter « is increased from O to 1 and the parameter 4 is decreased
also from 1 to 0, we observe that f Ry gradually decreases and tends to

0
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500
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‘ 100
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the limit value 1.93 x 10! (corresponding to # = 0;x = 1). Hence, the
parameters x and y play an essential role in controlling the infection
spread.

The last contour plot of Ry in illustrated in Fig. 4. We observe that
when = 1 and d = 0 the value of R, reaches its maximal value of 5.74 x
102. By decreasing $ from 1 to 0 and increasing d from 0 to 1, we observe
that the value of Ry gradually decreases and tends towards 1.57 x 10!
(corresponding to f = 0;d = 1). This confirm the impact of the g and
d in controlling the progression of the infection.

Numerical simulations and discussion

This section will illustrate our mathematical results by different
numerical simulations. To this end, we will apply the algorithm given in
[42] to solve the system (2). The parameters of our model representing
the infection and the recovery rates are estimated from COVID-19
Morocco case [43]. The different used values of our parameters in our
numerical simulations are given in Table 1.

Figure 5 shows the dynamics of COVID-19 infection during the
period of observation for the case of the disease extinction. From this
figure, we clearly observe that the curves representing to the deter-
ministic model converge towards the endemic-free equilibrium Ef =

(5.1 x10%,0,0,0). The curves that represent the stochastic model

1000

Fig. 3. Contour plot of Ry depending on f and «.
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Fig. 5. The evolution of the infection when Ry = 0.95.

fluctuate around the curves representing the deterministic ones. More-
over, it will be worthy to notice that in this case, the susceptible increase
to reach their maximum and the other SIQR components that are the
infected, the quarantined (the isolated) and the recovered vanish which
means that the disease dies out. Within the used parameters in this figure
(see Table 1), we have Ry = 0.95 < 1 which indicates the die out of the
infection. This is consistent with our theoretical findings concerning the
extinction of SIQR infection.

10

The evolution of the infection for both the deterministic model and
the stochastic with Lévy jumps model is illustrated in Fig. 6 in the case of
the disease persistence. Regarding the depicts of this figure, we can see
that the plots corresponding to the deterministic model converge to-
wards the endemic equilibrium E* = (4,3.42 x 103,117.17,83.69). The
fluctuation around the endemic equilibrium E" is clearly remarked for
the stochastic numerical results. We note that in this epidemic situation,



J. Danane et al.

Al
— Deterministic
18- —Lévy noise

Susceptible

— Deterministic|
—Lévy noise

g 80 5

=3

)

260 1
40 b
20 b
0 | | | | | | |
0 20 40 60 80 100 120 140 160

Time t

Fig. 6.

all the four SIQR compartments, i.e. the susceptible, the infected, the
quarantined (the isolated) and the recovered remain at constant level
which means that the disease persists. Within the used parameters in this
figure (see Table 1), we have Ry =31.12 > 1 which indicates the
persistence of the infection. This is consistent with our theoretical
findings concerning the infection persistence.

Conclusion

In this present work, a stochastic coronavirus model with Lévy noise
is presented and analyzed. We have given a four compartments SIQR
model representing the interaction between the susceptible, the infec-
ted, the quarantined (the isolated) and the recovered. A white noise as
well as a Lévy jump perturbations are incorporated in all model com-
partments. We have proved the existence and the uniqueness of the
global positive solution for the stochastic COVID-19 epidemic model
which ensures the well-posedness of our mathematical model. By using
some appropriate functionals, we have shown that the solution fluctu-
ates around the steady states under sufficient conditions. Different nu-
merical results support our theoretical findings. Indeed, the extinction of
the disease is observed for the basic reproduction number less than
unity. However, the persistence of the disease is observed for the basic
reproduction number greater than one. Moreover, the fluctuation of the
stochastic solution around the disease-free equilibrium is observed for
the extinction case and the fluctuation of the stochastic solution around
the endemic equilibrium is observed for the persistence case.
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