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ABSTRACT

In this paper, deterministic and stochastic models for schistosomiasis involving four sub-populations are developed.
Conditions are given under which system exhibits thresholds behavior. The disease-free equilibrium is globally asymp-
totically stable if R, <1 and the unique endemic equilibrium is globally asymptotically stable when R, >1. The

populations are computationally simulated under various conditions. Comparisons are made between the deterministic
and the stochastic model.

Keywords: Computational Simulation; General Incidence; Reproduction Number; Schistosomiasis Model; Stochastic

Differential Equation

1. Introduction

Schistosomiasis (Bilharzia or snail fever) remains a se-
rious public health problem in the tropics and subtropics.
There are about 240 million people worldwide infected
and more than 700 million people live in endemic areas
[1]. It probably originated around the Great Lakes of
Central Africa and possibly spread to other parts of
Africa, the west Indies and South America [2]. Human
schistosomiasis is a parasitic disease caused by five
species of the genus Schistosoma or flatworms: Schisto-
soma mansoni, Schistosoma intercalatum, Schistosoma
japonicum, Schistosoma mekongi and Schistosoma hae-
matobium. The three most widespread are Schistosoma
japonicum, Schistosoma haematobium and Schistosoma
mansoni. The large number of parasite eggs retained in
the host tissues rather than shed in stools can cause the
inflammatory reactions. Indeed, a study conducted in
Sudan indicated that schistosomiasis depleted the blood
hemoglobin levels to the extent that oxygen flowed to the
muscles and the brain and impaired physical activity [3].
Several mathematical models for schistosomiasis dis-
ease have been done ([4-15] and the references therein).
Stochastic differential equation (SDE) model is a natural
generalization of ordinary differential equation (ODE)
model. SDE models became increasingly more popular
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in mathematical biology ([4,16,17] and the references
therein). In [4], a SDE model for transmission of schi-
stosomiasis was analyzed. That model assumes that hu-
man births and deaths are neglected. So, the compu-
tational work is involved in a computation of x/En that
one requires other schemes in which we solve an initial
value problem.

In this paper, we derive an equivalent stochastic model
for schistosomiasis infection which involves four sub-
populations. This model allows the recruitments and the
natural deaths of human. Additionally, the incidence
forms are taken as general as possible. The paper is
structured as follows: In Section 2, we present the schi-
stosomiasis model while Section 3 provides the basic
properties of the model. Section 4 provides an analysis of
the full model. We construct a stochastic differential
schistosomiasis model in Section 5. In Section 6, we
derive an equivalent stochastic model. We describe a
numerical method to solve the equivalent stochastic mo-
del in Section 7. Computational simulations are per-
formed in Section 8 and finally, in the last section, we
end with a conclusion.

2. Mathematical Model

Here we consider a relatively isolated community where
there are no immigration or emigration. Additionaly, we
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suppose that all newborns are susceptible and the infec-
tion does not imply death or isolation of the different
hosts.

Then, according to Figure 1, we obtain the following
system of four differential equations

d;S:bh—thS—f(Si,HS)+;/Hi,
ﬁ:f(si,Hs)—thi—yHi,
dt 1
ds 1)
—=p,-d,S,-g(H,,S,),
dt S S$TS g( 1 S)
ds;
=i~ g(H,,S,)-d.S,,
g = 9(Hi.S.)—d,

where

H,(t) is the size of the susceptible human
population;

H, (t) is the size of the infected human population;
S, (t) is the size of the susceptible snails;
S, (t) is the size of the infected snails;
b, is the recruitment rate of human hosts;
b, is the recruitment rate of snails;

d, is the per capita natural death rate of human
hosts;

d, isthe per capita natural death rate of snails;

y is the treatment rate of human hosts;

f is the infection function of susceptible human due
to infected snails;

g is the infection function of susceptible shails due to
infected human.

We assume that the functions f and g satisfies the
following assumptions.

H, f and g are nonnegative C' functions on the
nonnegative orthant.

H, Forall (H,,H;,S,.S;)eR],
f(0,H;)=f(S;,0)=0 and g(0,S,)=g(H;,0)=0.

Remark 2.1 f and g are two incidence functions
which explain the contact between two species. Therefore,

f and g are nonnegative. Note also that when there

b

is no infected in the human and snail populations, then
the incidence functions are equal to zero. The incidence
functions are also equal to zero when there is no sus-
ceptible in the human and snail populations.

3. Model Basic Properties

In this section, we study the basic properties of the solu-
tions of system (1).

Theorem 3.1 [18] Let L : R" >R be a dif-
ferentiable function and let X (x) be a vector field. Let
acR and let G={xeR":L(x)<al be such that
VL(x)=0 forall
xel'(a)={xeR":L(x)=a}. If (X(x)|VL(x))<0
for all xeL*(a) then, the set G is positively in-
variant.

Lemma 3.2 The system Equation (1) preserve the
positivity of solutions.

proof. We start by proving that

(H,.H,.S,.S)eR%H, > O} is positively invariant.

For that, let x=(H,,H;,S,,S;) and L(x)=-H;.

L(x) is differentiable and VL(x)=(0,-1,0,0)#0
forall xel™(0)={xeR*:L(x)=0}.

The vector field on the set
{(HyH;.8,,8) e R H, =0} is

b, — f(S;,H)—d,H
f (S, H,)
b, —d.S,
_dsSi

S

X (x)= )

We obtain (X (x)|VL(x))=—f(S;,H,)<0 . Then,
using Theorem 3.1, we conclude that
{(Hs, H;.S,.S;)eR*;H, >0} is positively invariant.
similarly we prove that {(H,,H,.S,,S;)eR*;H, >0},
(H,.H;.S,,S;)eR*;S, >0 and
(H,.H;,S,.S,)eR*;S; =2 0{ are positively invariant (J
Lemma 3.3 Each nonnegative solution of model
system (1) is bounded.

Humans _—hé Hs f > Hi
d / d,
h / /
/ /
/ /
/ /
/
bs
S, < ‘ S, <——Snails

s

Figure 1. Transfer diagram.
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Proof. Let H(t)=H,(t)+H,(t) and
S(t)=S,(t)+S;(t). Then, adding the first two equa-
tions and the second two Equations of (1) respectively,
we get

H'<b —d,H and S'<b,—d.S. ®)
According to [19], it follows that
H(t)sb—“+[H(O) bhjednt
dh dh
. 4)
and S (t) s—S{s(o)—d—Sjeds‘,
where H (0)=H,(0)+H,(0) and
5(0)=5,(0)+5,(0).
Thus,
lim H(t)<b—h and lim S(t)<b—S O (5)
t—+o0 N d to+o0 B d

h S

Corollary 3.4 The set

<=0 1,005, 0.5 (0) R

o_lcr

b
0< Hs(t)+Hi(t)sd—h, 0<S, (t)+S;(t)< S}
h s
is invariant and attracting for system (1).

Theorem 3.5 For every nonzero, nonnegative initial
value, solutions of model system (1) exist for all time
t>0.

Proof. Local existence of solutions follows from stan-
dard arguments since the right-hand side of system (1) is
locally Lipschitz. Global existence follows from the a
priori bounds. [

4. Reproduction Number and Equilibria
Analysis

In this section, we define the reproduction number and
analyze the eventual equilibria. For that, let us denote
of of

f,=—(S;,H,), f,=——(S;,H,),
1 6S|( i s) 2 8Hs( i s)
g a9
=—(H,S,), 9, =—-(H,,S,).
gl 6H,( i s) gZ 68( i s)

S

System (1) has a disease-free equilibrium (DFE) given
by

Epre Z(HS,O,SS,O)Z{g—h,O,g_S,OJI
h s

Proposition 4.1 The reproduction number for system

Q) is
Ronn(o,H:)gl(o,ssy
d, (7/+dh)
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Proof. We use the method in [20] to compute the
reproduction number R, .

Let X =(X;,X,), where X, =(H,S,) is the
healthy population and X, =(H,,S;) , the infected
population.

o P R R
=F(Xy, X;) =V (X, X,).
Then,

. 0 f,(0H,)

ov d,+y 0
dV="o(X,0)=
o ax(l){o d}

2 s

Hence,

f (0,H
L 0 0 —1( ;)
Ay +7 and FV ' = d,

0 . gl (O’ SS) 0

ds dh +y

vi=

The basic reproduction number is defined as the
dominant eigenvalue of matrix FV ™ [20].
Therefore,

. :\/fl(O,Hf)gl(O,Sso)

ds(y+dh)

The basic reproduction number evaluate the average
number of new infections generated by a single infected
individual in a completely susceptible population.

Using Theorem 2 in [20], the following result is estab-
lished.

Lemma 4.2 If
asymptotically stable.

Proof. Using the assumption HZ2, it follows that
f,(0,H;)=0 and g,(0,S,)=0 for all H, and S,.
Then, the linearization of system (1) at E_.. gives the
following equation

(/1+dh)(/1+ds)[(i+ds)(/1+dh+;/)
~1,(0,H?)g,(0,82) ]=0.

We can see that all solution A4 of Equation (6) have
negative real part. Indeed, the Equation (6) has negative
roots A=-d,, A4=-d, and other roots are given by

(144)(2+0,+7)= 1, 0H)0,05). (0

Now, we suppose that there exists at least one root 4,
of the Equation (7) which have positive real part.
According to Proposition 4.1, it follows that

R, <1, then Ep, is locally

(6)
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fl(o’ Hso)gl(olsso): R(Z)ds(dh +7)'
Since R, <1, we obtain
f,(0,H?)9,(0,87) < d, (dy +7) <| A +d|x| 4 +d, +7].

This show that the Equation (7) cannot have roots with
positive real part. Hence, E.. is locally
asymptotically stable according to Theorem 2 in [20] O

Now, let us analyze the global behavior of the DFE.
The global stability of the DFE will be studied using the
basic reproduction number R, . We first make the
following additional assumption.

H3Forall (H,,H,S,.S)eR],

f(S,H,)<f,(0,H{)S, and g(H,.S,)< gl(o,sg’gHi.

Theorem 4.3 The disease-free equilibrium is globally
asymptotically stable in K whenever R, <1.

Proof. The proof is based on using a comparison
theorem [21]. Note that the equations of the infected
components in system (1) can be expressed as

dH,
dt H;
<(F-V , 8
& [<tv5] ©
dt
where F and V , are defined in the proof of Pro-

position 1.

Using the fact that all the eigenvalues of the matrix
F -V have negative real parts, it follows that the
linearized differential inequality system (8) is stable
whenever R, <1 . Indeed, we can see that all
eigenvalues A4 of the matrix F -V satisfy Equation
(7). By the same reasoning as in the proof of Lemma 4.2
we deduce that, the eigenvalues of the matrix F -V
have negative real parts since R, <1.

Thus, (H;(t),S,(t))—>(0,0) as t—ow for the
system (8). Consequently, by a standard comparison
theorem [21], (H,(t),S;(t))—>(0,0) as t—o and
substituting H; =S, =0 into system (1) gives
H, >H? and S, >S? as t > .

Thus,  (H, (1), H, (1),S,(t),S; (t)) > (H?,0,8¢,0)
as t—>o for R,<1. Therefore, E is globally
asymptotically stable if R, <1.0

Lemma 4.4 If R,>1 then, E. is unstable and
there exists a unique endemic equilibrium
E=(H,H,.S,.S).

Proof. Let E=(H,,H,,S,,S,). It follows that E is

50,5

a positive equilibrium if and only if
b, —d, H, - £ (S, H,)+7H, =0,
=0,

f(s_i’ﬁs)_ hH_i_7/|__|i ©)

Open Access

Adding the first two and the last two equations of sys-
tem (9) respectively, we get

b, —dhl—_|s—th_i =0 and b, —d5§s—dss_i =0.
Then,

Let

We can see that the function_ h_ is continuous and so
system (9) hold whenever h(Si,Hi ) =0. Therefore any

zero of h in the set [Og—ij[og—hj where H, and

s h

S, are positives corresponds to an endemic equilibrium.

According to H2, h(0,0)=0 and h{g—s,g—“jso.

S h
Then, in order to have a solution of equation h=0 in

(O,Z—ij(o,g—“] , h must increase at 0. This leads to
h

S

dh
dx,

(0,0) >0, (10)
where X, is defined in the proof of Proposition 4.1.
We can see that
dh
T:(fl(o, H?)-d,-7.0,(0,87)~d,).
2
It follows from inequality (10) that
f,(0.HY)-d, -y >0
and g,(0,87)-d, >0
or f,(0,H)-d,—y>0
and ¢,(0,8)-d, >0.

f(0.H2)g, (0.5°)

>1, that is
ds(dh+7)

Which implies that

R,>1.0
To study the global behaviour of this endemic

equilibrium, we second make this additional assumption.
H4 Forall (H,,H,,S,,S)eR],

17 ¥s
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) (11)

Theorem 4.5 When =0 and R, >1, the endemic
equilibrium E is globally asymptotically stable in K .

Proof. If we consider the system (1) when R, >1,
there exists a unique endemic equilibrium E . We now
establish the global asymptotic stability of this endemic
equilibrium. Evaluating both sides of (1) at E with

and

(14)

We can see that h:R. - R’
minimun h(1)=0. Thus,
Vi, 20,V,; 20,V 20,V,; >0 with equality if and only
if H =H,H =H,S, =S, and S =S, . We will
study the behaviour of the Lyapunov function

has the strict global

y =0 gives
v (t) :Vhs +Vhi +Vss +Vsi' (15)

b, =d,H, + f (S, H,), _ L .
B Y We can see that V (t)>0 with equality if and only if
d.H, = (5. H,),
o= 1) @ RO RO S0 S0,
b, =d,S, +g(H,.S,), H, A, g, 5
d,S; = g(H,.S,). The derivatives of V,.,V,,V, and V, will be
Let calculated separately and then combined to get the
. .odv
h(x): Xx—1—1Inx (13) desired quantity o

dVe, (7 = HoYJdH, ~ 0 = Hs \n ~
dth _g(Hi!Ss)[l_H_j dt _g(Hi’ s)[l HS](bh ths f(SI’Hs))

S

Using the first Equation of (12) to replace b, gives

dv_hs:g(l-_h,gs)(l— ES](dh(HS—HS)+f(§,HS — (S, H,))

dt
(1)

S

H

I

=—d,g(H,.S,)

S

(HS;—HS)Z.,_Q(H__,_)f(_.,I—TS)

:_dhg(ﬁilgs)

|
wI| T
T

] (16)
)
)

Open Access AM
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dVv..
Next, we calculate d_thl )

—
—
w
1)
~
I

SS

Now, we calculate

Ny _ g (S, HS)(l—gjdi: (S, I-_IS)(l—g](bs ~d,S,-g(H,.S,))-

dt S,
Using the third Equation of (12) to replace b, gives

d(\j’_tssz f(Q,HS){l—%j(ds(S_s—Ss)+g(ﬁiv§s)—9(Hi'Ss))

=—d f(§,|—_|s)( 8]

S I

=_dsf(s‘i,ﬁs)ﬂ+f(g,qs)g(ﬁi,s—s)[ _i_g(Hi,ss)+gE:_f,§s;%J_

Hi’SS)Mg(Hi’SS)i—l—ln_g(Hi'SS)iﬂ (18)
.S.)s H..S,) S

Open Access AM
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After that, we evaluate d(;/tSi : dvy _ (l_—h!—s)f(—”ﬁs)[l_ilg(lj,,%)_i]
_ dt i g(HI S) S,
Ny sy s
=1(8 H)( Si]dt = 1(5.H,)9(H..5,)
- S_I . _i_g(HHSs)i g(Hi’Ss)
-1 ““S)[ ‘s_i](g(““ss)‘dﬁ” [1 5, 9(R.5.)5 9(A.5,) )
_ S — =\ 0(H.S) =S By adding and substracting the quantity
=f Si'Hs [1——'}{9 Hi'Ss T—dsSi:']. =
( ) Si ( )g(Hi’Ss) Si 1+|n—g(|__|"s_s)i,weobtain
. . . g(Hivss)Si
Using the last Equation of (12) to replace d,S; gives
sti _ T g 1 Q _i —
S (,,Hs)g(H,,SS){ S_i+1+|n_lj
_g(Hi’Ss) i g(HI SS)S g(Hi’Ss)_ _ g(Hi’Ss)
( a(F,.5,) .*“'“gm.,:)si}[‘g(ﬁi,i A5 )
(5 ava(a sl nfS)_pl 9(HS)S | [ 9(HiS)
‘f(s"“s)“”"ss)[ (8] “[g(ﬁi,i)s.}“[gmi,i) |

2 2 _
dav 5 = ( s_Hs) = o ( s_Ss) — = = Si f(si,Hs)HS
E:—dh (H:.S,) m -d,f (S, H,) S +9g(H,.S,) f(S,.H,)[-h 3 +h TGCAL
(20)
H.,S f(S,,H,) H. H.,S.)S
—h i +h g(_l _S)i _ (_I _S)i —h i —h Hs h g(_l _s)i
1 g(HHSs)SS f(SUHs)Hi SS S g(HpSs SI
Since the function h is monotone on each side of 1 and is minimized at 1, H4 implies
f(S,,H,)H . H.,S.)S. _
h(_l—_S)HS Shi anthi Shi
f<si'Hs)HS Si g(Hi’Ss)SS Hi
Since h>0, then neglect the possibility of multiple events of order (At)z.
dv < The possible changes in the populations over a short time
dt 0, (21) At, concern individual births, deaths and transformation.
for all (H,,H,S,,S )eK with equality only for These changes are produced in Table 1, together with
H-H H-H5S=5 adSs 5 their corresponding probability. Let’s denote this change

_ T
Hence, the endemic equilibrium E is the only by ”:(A_HwAHi’ASstSi) : )
positively invariant set of the system (0.1) contained in Neglecting terms of the order (At)", the mean of
(. H.5,5) < R H, < H, =, 5, 5,5, =5 9em 0D isgivenby

. Then, it follows that E is globally asymptotically bh_ths_f(si,Hs)ﬂ/Hi
stableon K [22]. O 1 £(S H )—d H. —vH
ir s vART
o _ _ E(n)=>Pn = b( ds) “H s At = pAt.
5. Stochastic Differential Equation Model i1 . —d,S,—g(H;.S,)
g(Hi’Ss)_dsSi

To derive a stochastic model, we apply a similar

procedure to that described in Allen [23]. Here, we (22)

Open Access AM
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Table 1. Possible changes in the population.

Change Probability
7,=(1,0,0,0)' R =bat
n,=(-1,0,0,0)" P, =d,H At
7,=(-11,0,0)' P, =f(S,H,)At
n,=(0,-1,0,0)" P, =d HAt
7, =(1,-1,0,0)" R=rHat

7, =(0,0,1,0)' R =bAt
n,=(0,0,-1,0)" P, =dS At
n,=(0,0-1,1)" P,=g(H,S,)At
1,=(0,0,0,-1)" P, =d,SAt
7, =(0,0,0,0)" Po=1-2P

Further, the covariance matrix of system (1) is given
by

By B, 0 0
10 B, B 0 0
E(nn' )= Zpi’liﬂiT o At = BAt
( ) i=1 0 0 By By
0 0 By By
(23)

where

B, =b, +d,H, + f(S;,H,)+7H,,

B,, = f(S;, Hy)+dyH; +7H,,

B, :_f(Sst)_VHn

By, =b, +d,S, +9(S;. H,),

By, =—9(S;. H,)

and B,, = g(S;,H,)+d,S,.

Note that it has been proved in [23] that the changes

n are normally distributed. Then,
Y(t+At)=Y(t)+5 o ¥ (t+At) =¥ (t)+ pAt +/BAty,

where » eN(0,1) for i=1,2,--,4
Furthermore, as At—0, Y (t) converges strongly
to the solution of the stochastic system

PO )+ o)l e

where ¥ (t)=(H,,H,,S,,S;)" and W(t) is the four-
dimensional Wiener process [23].

The computational work of Equation (24) involves the
calculation of the quantity \/B(¥(t)) at each time step
[24,25]. This procedure is often cumbersome.

In the next section, we derive an equivalent stochastic
model which seem to be easier to implement.

Open Access

6. Equivalent Stochastic Differential
Equation Model

In this section, we develop a stochastic model to examine
the changes occured on each vector individually. Unless
we say otherwise, we adopt the vectors defined in the
previous section but here the Poisson processes (P) are
used to establish the different probabilities as mean times
before occurence. Then, we have

AH  =u,-u,
AH; =u; —u, — U,
AS, =Ug, —U, —Ug,
AS; =Ug — Uy,

—U; +Uy,,

(25)

where
~P(b, At) u2~P(d H,At),
~P(f( )At),u, ~P(yHAt),
~P(d,H, At) u6~P(b At),u, ~P(dS,At),
~P(g(H,,SS) t), Uy ~ P(d,SAt).
We now normalize the Poisson process to get
AH, = b, At +/b, AtA, —d, H At —/d, H AtA,
—f (S, Ho)At— [ (S;, Hy ) AtA; + yH At + [y H AtA,,
AH; = f (S, H,)At+,/f (S, H,)AtA,
—d, H,At—/d, H,AtA, — yH,At— [y H,AtA,,
AS, =b,At+/b,AtA; —d,S,At—[d S, AtA,
—-g(H;,S,)At—/g(H;,S,)AtA,,

i"%s

AS; =g (H;,S,)At+.Jg(H;,S;)AtA,

~d,S,At —[d_S,AtA,,

(26)

where A, eN(0,1) for i=12,---,9. Then, as At—0,
the system (26) converges to the following It6 stochastic
differential equation [24]

dH, = (b, —d,H, — T (S, H,)+7H, )dt+ /b, dw,
— Jd,H dW, —/f (S, H, )dW, +./yH,dw,,
dH, =(f(S;,H,)—d,H, -yHi)dH,/f (S; H, )dwW,

—JrH,dW, — Jd, H,dw,,
ds, =(b, —d,S, —g(H;,S,))dt+/o,dw;

- dsSde7_\jg( i s)dWB'

ds, =(g(H,,S,)—d,S; )dt+./g(H,.S, )dW, —/d S, dWj.
@7)
System (27) can be rewritten as follows.
AM
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POy () 220 (29)

where ¥(t) and g are the same as in system (24),

G, =/ (S, H,)
thi,Gﬁzﬁ,

« =7H

W is the nine-dimensional Wiener process and G is ds = Jo(H,.s )
defined by 5. G s
G, -G, -G, G, 0 0 0 0 O and Gy =/d,S;.
G_0063—64650000 .
“lo 0o 0o o 06 -6 -G 0] 7. Computational Results
0 0 0 0 0 0 0 G -G, In this section, computational results are given for the
(29) stochastic system (28). We use the Euler-Maruyama
method with 1000 sample to solve the SDE model (28).
where Let h be a specified time step. The Euler-Maruyama
G = \/E G, =4/d,H,, numerical method for system (28) is given by:
Het = H +h(bh —d,H, - f (Si’Hs)+7Hi)+\/ﬁ(\/E771k —ydyH 1, — f (Sile)Us,k + 7Hi774,k)-
HI = H+0( (8 H,) = dH, = 7H, )V (T (S0 H s = 7~ Ao ).
St = Sk+h(b -d,S, -g(H,.S, )+\/>(\/7776k \/d sk — \/9 i sﬂgk)v
Skt =gk +h(g( iS) dS +\/_(,/ H,\ S ), — ngyk),
for k=0,1,2,--- until the maximum time is reached. Figure 2 illustrates the deterministic model (1) and the

Here, 7, for i=12---,9 and k=012,-- are
normally distributed numbers with zero mean and unit
variance.

8. Computational Simulations

In this section, computational simulations are given for
the models described in the previous sections. Here, two

different cases of computational simulations were studied:

in the first case R,<1 while in the second case
R, >1. In the computations, the functions f and g
are chosen as follows f(S;,H,)=4SH, and
9(H,,S;)=aH,S, (mass action), where £ is the rate
infection of hosts by cercaria released by an infected
snail and « is the infection rate of snails by miracidia
of the parasite eggs of an infected human.

The parameters values used are given as: d, =0.014
(human beings average life span =70 years =1/d,),
b, =14 (the carrying capacities of human population is
1000), d, =0.2 (snails average life span is 2 - 8 years),
b, =400 (the carrying capacities of snails population is
2000), «=0.0004 [26], pB=0.000027 [26]. The
treatment rate y in the first case is 0.1 which give
R,=0.97. In the second case the treatment rate is
chosen as 0.05 to have R,=1.29. The initial values
of the population sizes are taken as H,(0)=600,
H,(0)=400, S,(0)=1300, S;(0)=700. The time
step h was chosen as h=0.3 year and the final time
was taken as 300 years. These figures are produced by
Matlab.
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equivalent stochastic model (28) when R, <1. We can
see that, in the Figure 2 the trajectory of de- terministic
and stochastic graphs are approximately the same
behaviour. Indeed, the parasite extinction is effective if
R, <1.

Figure 3 depict the deterministic model (1) and the
equivalent stochastic model (28) when R, >1. In Fig-
ure 3 we can observe that, the features of deterministic
graph are similar to those of the stochastic graph, namely
the parasite extinction is unlikely for this two models
when R, >1.

The Table 2 and Table 3 below contains the results
that supports the comparison we made about the

Table 2. Mean and standard deviation for the ODE epi-
demic model (1) and the SDE epidemic model (28) at
t =300 yearswhere R,=0.97.

Models Variables (X, ) E(X)) a(X))
H, 992.25 0
H, 7.74 0
ODE (1) S, 1968.63 0
s, 31.36 0
H, 993.21 32.49
H, 6.44 9.44
SDE (28) S, 1985.71 719.28
s, 26.12 38.78
AM



S. OUARO, A. TRAORE

1500 T

12

Population s

1000

ODE

—H
—H.

1691
ODE
4000} —5,]]
Sl
(5]
-5 3000} i
=]
S
= 2000}
=
[N}
o
& 1000f -
\\
0 . I
0 50 100 150 200 250 300
Time
SDE
4000

Population size
—_ 3] (98]
j=d (=3 (=)
(=% (=3 (=3
S s 3

(=]

0 50 100 150 200 250 300
Time

Figure 2. Deterministic and Equivalent stochastic models for R, =0.97 .
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deterministic model (1) and the equivalent stochastic

model (28).

9. Conclusion

An ordinary differential equation model and a cor-
responding equivalent stochastic differential equation
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Figure 3. Deterministic and Equivalent stochastic models for R, =1.29.

model for schistosomiasis were studied. Four sub-
populations were modelled: susceptible human, infected
human, susceptible snails and infected snails. A threshold
number was exhibited. Computational simulations were
presented. The behavior of the deterministic and equi-
valent stochastic models are approximately the same. For
the deterministic and equivalent stochastic models
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Table 3. Mean and standard deviation for the ODE
epidemic model (1) and the SDE epidemic model (28) at
t=300 yearswhere R,=1.29.

Models Variables (X, ) E(X,) a(X,)
H, 813.52 0
H, 186.47 0
ODE (0.1) S, 1456.71 0
s, 543.28 0
H, 818.21 42.05
H; 181.56 36.85
SDE (0.28) S, 1474.13 451.02
S 532.71 148.20

the disease dies out for R, <1 and the disease limits to
an endemic equilibrium when R, >1.
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