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Abstract: We addressed a mathematical model for Streptococcus Suis, an uncommon infectious illness that is contaminated, in the
current paper. The pig infection that eventually infects people is the source of the illness Streptococcus suis. This disease manifests in a
highly severe form in human transmissions, with the potential for both significant sickness and death. Seven population groups (some
from human populations and some from pig populations as well) have been examined in this article. We have analysed and studied
the given mathematical model of the illness using the Riemann Liouville’s fractional derivative and Laplace transformation. Using a
graphical representation of the solutions, we have also confirmed their existence and oneness.
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1 Introduction and Background

These days, one of the serious issues on the planet is zoonotic microorganism like SARS, pandemic flu HIN1, Avian flu,
West Nile infection and Novel Coronavirus [1,2,3]. Streptococcus Suis is a disease which is generally tracked down in
pigs all over the planet. This microorganism is primarily found in the swine’s upper respiratory tract, genitalia, and
intestinal areas [4,5]. The primary expert of septic and encephalitis in swine is the Gram-positive, shaped bacterium
known as Suis [6,7]. Sickness can spread from one swine to another in a farm very quickly. Streptococcus suis has been
reported to cause roughly 20 percent of pig deaths. Serotypes 1 to 31, 33, and 1 can all be grouped together under this
category [8,9,10]. Pigs are typically found to have serotypes 1 through 9 and 14 all around the world. The primary
human who contracted Streptococcus suis was located in Denmark in 1968. Suis can transfer from pigs to people, as the
current situation indicates. Serotype 2 is taken into account because it is frequently found in human diseases, however
occasionally the contaminations are caused by serotypes 4,5,9,14,16,21,24, and 31 [11,12,13,14]. Fever, migraines,
meningitis, septicemia, joint pain, pneumonia, and hearing loss are typical adverse symptoms of this virus. The
numerical display became a crucial tool for illustrating the components of the infection in order to stop the spread of the
disease. They can make a number of assumptions about how the illness will behave in the future. The model’s
arrangements can be recreated while still adhering to the restrictions from the conjecture. As of late, numerous numerical
models have been utilized to portray the way of behaving of the irresistible infection. The evenness and unevenness ideas
can be connected to the plague model [15,16,17,18]. The proposed models consider the transmission on pigs as it were.
Nonetheless, there has been an absence of exploration thinking about the sickness transmission among pigs and people.

In current article, we are going to analyze the problem with the help of mathematical modeling ([19,20,21,22,23]) and
fractional calculus. Mathematical modeling is the essential tool in today’s scenario for forecasting the impact and
consequences of different factors. Modeling is widely being used in many fields including medical field, engineering
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sector, production sector etc. The best and recent example is prediction of covid 19. When modeling is used together
with fractional calculus then it explains many typical phenomenon very well. Fractional calculus has vast background
and explains its advantage and existence quite well. In recent time, extensive research is going on with the help of
fractional calculus since it is attracting many researchers, scientists as well. fractional calculus is much in demand just
because of the fact that we can analyze the behaviour of different factors affecting the problem, at very micro level and
we can forecast as accurate as possible. In this article, we have put up a numerical model to represent how Streptococcus
suis spreads across humans and swines. We have separated the number of inhabitants in pigs and people in 4 and 3
subclasses, separately. We have additionally taken a look at the presence and security of the arrangement of the model.

2 Preliminaries

In this segment, we are going to give brief information about the basic definitions of the operator and transformation used
in the paper-

2.1 Riemann-Liouville’s fractional operator

The Riemann-Liouville’s fractional operator is explained below-

FDE ()} = o [ )ay m
0

I'(n— o) dx"

where « is the order of the derivative and 0 < o < 1.

2.2 Laplace Transform

The Laplace transformation ([24]) is one of the important transform in mathematics. It usually converts the system to
algebraic system which is easily solvable. The Laplace transform of f(¢) is represented by L{ f(¢)} and is explained as:

=)

L{f(1)} = / e f(t)dt, 5> 0. @)

0

2.3 Laplace transform of Riemann-Liouville’s fractional operator

The Laplace transform of the Riemann-Liouville’s fractional operator of order « is defined below:

L[REDE{f(1)}] = sF(s) — f gk [Dkl”’“ f(z)} n-l<a<n 3)
k=0

or sometimes we also used the following definition too-

L[*DF{f(1)}] = sF (s) —s*~ (0). 4)

The paper is organized as follows; fragment 1 arrangements with the start of the issue, area 2 contains the
pre-requirements, Section 3 is having the proposed mathematical model, portion 4 deals with the uniqueness and
existence of the solution, segment 5 contains the numerical solution of the model by Laplace transform. Section 6
contains the stability analysis of the model while segment 7 is having mathematical and graphical conversation part. Last
section manages the end and gauging of the issue.
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3 Mathematical Model

In this section, we’ll describe the hypothetical [25,26,27,28,29,30] scheme for how the Streptococcus Suis disease
spreads to humans and pigs. We suggest the SIQR-SIR model as an alternative summary model of Streptococcus suis
contamination in light of the outdated study of disease transmission model [31,32]. There are some ecological facts, such
as temperature and relative humidity. As a result, we think about how the air’s humidity affects the spread of disease in
the pig ranch. There are two subpopulations within the studied population. These are the populations of pigs and people.
Then, four and three subclasses are established for the two subpopulations of swines and humans, respectively. These are
pig defenseless class (S,), pig irresistible class (,), pig confined class (Q,), pig recuperation class (R,), human
susceptible class (S;,), human irresistible class (7;,) and human recuperation class (R;) . We anticipate that N(r) is whole
public at time 7,

Sp(t) +1p(1) + Qp(t) + Rp(1) = Np(1), ©)
and
Sp(t) +In(t) + Ry (t) = Ni(t). (6)
Furthermore,
Sp(t) +1,(t) +Op(t) +Rp(t) + Sp(t) + In(t) + Ry(t) = Nj(t) + Ny (t) = N(1) (7)

If the total population of humans is N, and whole inhabitants of pigs is N, at time t. Now, we may formulate dynamic
connections for N, (7) and Nj,(z) as follows:

dNy(t) _ dSy(t) | dI,(1) | dQy(t) | dRy(1)
dt dt dt dt dr '

dNy(1) _ dSi(1) " diy(t) + dRh(f)_ )
dt dt dt dt

This disease in swine can be depicted by ﬁl(])MS »Ip and new contamination in human can be portrayed by ﬁz(l)ShI Phs
B3(1)Snln here each diseased pig in the susceptible class has a transmission coefficient per unit of time of f3;(;), and each
member of the susceptible class who comes into contact with infected pigs has a transmission coefficient per unit of time
of ﬁz(,). The amount of moisture in the air is M, and the transmission coefficient per person in susceptible class in contact
with infected is ﬁ3(1). We also presume that a pig cannot contract the sickness from a human. All boundaries are supposed
to be positive throughout the entire article. The following arrangement of differential equations can be used to address the
model of sickness transmission by Streptococcus suis:

®)

ds
d_tp =N *b]Sp*ﬁl(])MSpIp, (10)
dl
d_tp :ﬁl(])MSp[p_allp_bllp_51[p7 (11)
dQ
d—l‘p = 611p_a1Qp_b1Qp_81Qpa (12)
dR
d—tp =¢€0,—biR,, (13)
ds
d_th = Na = BaySulp — B31)Snln — M1k, (14)
dl
d_th = BoySulp + B31ySuln — aly — il — iy, (15)
dR,
= — I, — Ry, 16
i Nilp — iRy (16)

where b; is the ejection rate for pigs, a; is the ejection rate brought on by illness, the rate in pigs from the enticing
class to the disconnected class is 8;, € is the rate of infection from detached class to recovered class, u; is average
mortality rate for humans, the mortality rate attributable to sickness is ¢, and the rate at which an infectious class
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transmits information to a recovery class is y;. The model is legitimate provided that a; < b; and a; < ;. S,(0), 1,(0),
0,(0), R,(0), Sh(O) 1#(0) and R;,(0) denote the underlying population, for instance at time t=0. The upsides of populace
classes S (1), 1p(1),0,(t),Rp(t),Sh(t),Ix(t),Ry(t) at time t are non-negative values. Now, we define a new model based
on Rlemann L10uv1lle S fractlonal differential operator, also we see that the RHS of the system has the unit (dimension)
time~! but we have changed the derivative order to «, so the dimension at the LHS of system becomes time™*. To
overcome this mismatching, we have modified our system in following way:

KEDP{S,} =Ny =S, — ﬁfé])MSPIn
KDy} = B]OEI)MS,,I,, —ayl, = bYl, = 8"y
RLD[‘X}QP} 6{'l, — a0y — b0y — €7'Q)p
RLp p}fsl Q,, b R, (17)
RED& {8} = N> — By Sh[ = B3(1)ySuln — K1*Sh

KD {1y} = ﬁz(l)Shlp + B3y Snln — oIy — V'l — 1Ty
REDF ARy} = ¥ Ih — iRy

Further, for the sake of convenience, we have replaced the power terms by some other constant where b% = b, ﬁlozl) =B,
al =a,8% =6,¢) =¢, ﬁzoin = B, ﬁ3051) = B3, uf = u, of = o and y{* = 7. Then the system reduces to:

ZD,Z Sp}t =Ny —bS,— BiIMS,,

D*{1,} = BiMS,l, —al, — bl,— 51,
REDFLQp} = 81y —aQ, — b0y — €0,
RLp*{R,} = €0, — bR, (18)
RLDE{Sh} = Ny — BaSil, — B3Suly — 1S
REDE {1y} = BaSulp + B3Snln — oy — YIy — il
RED {Ry} = vl — uRy,

where 0 < ax < 1.

4 Existence and Uniqueness of the Solution

Theorem 1 Define k, k», k3, ka, k5, kg and k7 for the given system of equations and also find their relationships.
Proof Since we have the system defining the Streptococcus Suis as given below:

ZD’Z Sp} =Ny —bS,— BIMS,I,
RLDix 1,} = BiMS,l, —al, — bl,— 81,
RLDt(x 0p} =68I,—aQ,—b0,—€Q,
RLDt Ry} = SQP —bR, (19)

D {Sp} = No — BaSil, — B3Suly — 1S,
RLDO {1y} = BoSnlp + B3Suly — ol — Yl — i,
RLDX{Ry} = yIh — UR),

Now, applying the fundamental theorem of calculus, we have:

Sp(t) = 8,p(0) = RE4 [Ny — bS,, 31M5p1n],
(f) 1,(0) :RLI‘X (BIMSpI, bl, — 81,],
0p(t) — Qp( )= RLIa (01, *an bQp —€Qp],
Ry(t) — R, (0) = *L1% 60, — bR, ], (20)
Sh(t> Sh(o) RLIa [N2 — BaSplp — B3Suln — 1Sy]
In(t) — Ih(o) = RLIO‘ (B2SnIp + B3Snln — ol — Yl — ),
Rp(t) — Ry(0) = RLIa [YIh — URp].

Now, considering the one equation at a time, we have:

Sp(t) —Sp(0) = Rlea [Ny —bSp — BIMS, 1],
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or
1 X
$p(0) = Sp(0) = 1 [ 1M1 =S, BiMSy 1, } (v v)*av,
0

or

Sp(t) = S$,(0)+ Fia / {N1 —bS,— BiMS,I,} (x— )% dv.
0

Let us consider the following kernel;
ky =N —bS,— BiMS,1,, (21)

Similarly, we can find the other kernels as well, given below:

ky = BiMS,1, — al, — b, — 81, (22)
ks = 81, —aQ, — bQ, — £0,, (23)
ks = €0, — bR, (24)
ks = Ny — BaSpI, — B3Suly — USp, (25)
ke = BoSulp + B3Snly — ol — Yl — ply, (26)
and
k7 =yl — URy. 27)

Theorem 2 Establish that all kernels i.e. k1, k2, k3, k4, k5, k¢ and k7 satisfy the Lipschitz condition [33,34].
Proof Initially, we will prove the Lipschitz condition for k. Now suppose that S, and S, are two functions, then

k1 (2,8p) = ki (2,8,,)|| = || (N1 = bS, — BiMS,1,) — (N1 — bS, — BiMS,, 1),
ki1 (2,8p) —ki(2,8p))|| = || —5Sp — BiMS,l, + bSy, + BIMS,, 1 ||
k1 (2,8p) — ki (£,8p))|| = [|6(Sp, — Sp) + BiMI, (Sp, —Sp) ||
[k1(2,8p) = ki (t,8p)|| = [|(Spy = Sp) (b + BiM1,) ||,
[k (2,8p) = ki (t,Sp)|| < [[(Spy = Sp) || ||+ BiMI )|
ki (2,8p) —ki(2,8p,)|| < H|[(Sp, —Sp)]|,

where H (b+ BiM1,) || < H. In the same way, we get

sz(tvlp) _kz(t7IP])H = H(ﬁlMSpIp —aly—bl,—81y) — (BIMS,ly, —aly, —blp, — 81

)

or
sz(t,l,,) *kz(talm)H = H*ﬁIMSp (Ip, —1p) +a(lp, —1p) +b(Ip, —1p) + 8 (I, *IP)H )

sz(talp) _kZ(talpl)H = H([m _IP) (a+b+5_ﬁ1MSP)

)

sz(talp) _kZ(talpl)H < H([m _IP)H H(Cl—l—b—i—5—ﬁ1MSp)

)
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||k2(tvlp) _kZ(talpl)H <H, ||([17| _IP)H ;

where H(a+b+ 57B1MS,,)H < Hj.
In the same manner, we get other expressions as well

k32, @p) = k3(t,@py)|| < Ha|(Qp1 = 1)
where ||(a+b+¢€)| < H,.

Hk4(t,R,,) *k4(thm)H <H; H(Rm *Rp)

)

where ||b|| < Hj.

\[ks (2,83) — ks (2,Sn,) || < Ha || (Sn, —Sn)

)

where H(ﬁzlp +ﬁ3lh —I—H)H < Hy.

ke (2, 21) — ko (t,2,) || < Hs || (I, — 1) ||

where [[(a+ 7+ — B3Sp) || < Hs,
and

k7 (2, Ri) — K7 (¢, Ry ) || < Ho || (Ru, — Ra)]-
where ||| < Hs.

Now, consider the recursive relation, given as follows:

17 .
Sp(n)(t) = SP(O) + E /kl (U,Sp(n,l)) (x_ v)a ldvv (28)
0

Suppose that Uy (t) = S, (4)(t) = Sp(u—1)(t) So,

X

1 . 1 _
Un(l) = m /kl (v7Sp(n71)) (x— U)a ldv — ﬁ/kl (U,Sp(nfz)) (x— U)a ]dv,
0 0

Unle) = %/{kl (0,8pn1)) =K1 (0.Sp(u-2) } (x—0)*dv.
0

Taking norms both sides, we have

1|7 .
00 = 1 | [ {1 (0:Sp1) =t (0,802)} (6= ) v
0

or

1 xl - _ -
U011 = g | [k (0:850-0) =1 (0802 Y| = 0!
0

Since k; satisfies Lipschitz condition,

1 .
100 = 7 H [ ISy~ Sy [ (6= )7 v 29)
0

In the same manner, we can find other expressions too,

1T .
Vel =5 Hr [ o = Do [ 6= )% v, (30)
0
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1T _
W0l = £t [ 1@ = Qptaa ]| 02 av, G1)
0
1T _
101 =75 Hs [ Rty = Ryl 65— 07| v, (32)
0
1T .
X1l = s [ 15w = Sin-a | [ 6= 0)*~! v, (33)
0
1o .
10l = 7 Hs [ sy =Tl = 07| v, (34)
0
and
(35)

1 -
1200 = Fg s [ [Baam) = Riua | | =00 av.
0

Theorem 3 Prove that the disease model with fractional order is a minimum system of Streptococcus Suis model.
Proof Since, we can see that equations (29)-(35) are bounded and we have also shown that kernels satisfy Lipschitz
condition, so the following results are obtained from the equations (29)-(35) using the iterative technique:

U0 < Isy )] + {ﬁm“} ,

)

1
W) < [| @, (0 H+{ Hzta}

ol o

1
——H3t*
ol 3}

\ar
%01 < I+ { o ta}
{arame}

VA < 15O+ 3 gFa

1T < [|R,(0)]] +

Q

z

R

1

Yo (0)]] < |l
¥a (@I < WOl + 3 5 g

SQ

and

1 n
Z, ()| < ||R,(0 Het* 5 .
12011 < IR0 +{ g it |
Hence, the existence of solution is checked and which is found to be continuous. So, we have

Sﬂ(t) = Sp(n)(t)JrPn(t)a
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Ih(t) = Ih(n)(t) Jan(t)a
and
Rh(t) = Rh(n)(t) +Jn(t)7

where P, (t), Bu(t), Cy(t), Dy(t), En(t), F,(t) and J,(t) are the reminder terms of the series solutions. So,

17 B
Sp(t) =Sy (t) = E/kl (0,8 p(m) (x—0)*'dv,
0

$5(0) ~ Sy0(1) = 71 [ (0,5~ Ba(0) (x— ) e,
0
or
Sp(t) =$p(0) — F—la /kl (v,8p) (x— )% 'dv = P, (t) + F—la /lq (1,8, — Pa(0)) (x— v)* 'dv.
0 0
Now

X

$5(0) =50~ 1 [ 05 -0 e | < im0+ { e o)
0

Now taking n — oo, we get

X

Sp(z):sp(0)+1f—a/k, (v,5,) (x—0)* 'dv. (36)
0

We can conclude that the provided system’s solution exists since we can also discover the other expressions in a similar
manner.

Theorem 4 Show that the given system of equation representing the disease has a unique solution.
Proof Let’s assume that the given system has another set of solutions in order to demonstrate the solution’s uniqueness.
As we are only demonstrating the system’s initial equation at this time, suppose that § p(])(t) be another solution, hence

$p(0) = Sy0) = 1 [ 1kt (0,5,) = ki (0,8,0))} (6= 0)* .
0

Now, taking norms both sides, we have

17 )
15500 =Sy @ = 5 [ I (0,85) = k1 (0,8, = )%,
0

Now using Lipschitz condition, we have

1S5(6) = S, ()] < {—Ht“} ,

which is true for all n, so Sp(t) = Sp(l)(t), Ip(t) = I,,(l)(t), Qp(t) = Qp(l)(l), Rp(l) = Rp(l)(l), Sh(t) = Sh(l)(t)»

Iy(t) = L) (t) and Ry, (1) = Ry (1 (1)
Hence, it shows that system has a unique solution.
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5 Solution of the Model by Using Laplace Transformation

We are having the mathematical model denoting the disease Streptococcus Suis as follows. In this section, we are going
to apply the Laplace transform [33,34,35,36] in our modified disease system for the mathematical analysis ([30,37,38,
39]) of the system.

Now changing the derivatives to Riemann Lioville’s fractional derivatives, we have

ng Sp} =Ny —bS,— BIMS,1,,
D {I,} = BiMSyl, — al, — bl, — &1,
RLDza Ql’} =8I, —aQp— b0, — €0,
RLp&{R,} = €0, —bR,, (37)
RLDE {8} = Ny — BaSul, — B3Suly — 1S,
RLDO {1y} = BoSulp + B3Suln — oty — VI — iy,
RLDE {Ry} = Yy — 1Ry,

Since we know that

L{®DYf (1)} = s*F(s) —s* ' £(0)

where 0 < ¢ < 1.

Now applying Laplace transform both sides,

LD {S,}] = L{N; —bS,— BiMS,I,},

L[RLp¥ 1,,}% =L{BiMS,l, —al,—bl,—81,},

L[Rtp*{Q, J Lgél,,aQ,,bQ,,eQ,,},

L[*:D*{R,}] =L{€Q,—bR,}, (38)
L [REDY {Sh}]] =L{Ny — BoSnl, — B3Slp — USh} ,

L ZLDZO‘ {In}] = L{BaSnlp + BsSnln — oy — Yl — il }

an

LIREDE{Ry Y] = L{yly— uRy} .

Hence, from the first equation of the system, we have
L[*Dy{S,}] = L{N, —bS,— BiMS,I,},
doing some simplifications, we get

S,0) 1
F(s) = ¥+s_aL{Nl —bS,— BiMS,I,} .

Now, again applying inverse Laplace transform both sides,
1
~1
Sp=258,(0)+L S—aL{Nl —bS,—BiMS,I,}| .
Similarly, from the second equation of the system, we have

LDy {1,}| = L{BiMS,I, —al,—bl,—81,},

or

,(0) 1
F(s) = @ + S—aL{BIMS,,I,, —al,—bl,—8I,}.

Now taking the inverse Laplace transform both sides, we get
1
~1
1, =1,(0)+L S—aL{B]MS,,I,, —al,—bl,—8I,}|.

In the same way, we get the remaining expressions,
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1
0p=0,(0)+L"! [s—aL{SIp —aQ,— b0, — er}] ,
R, =R,(0)+L"" L%L{eQ,,bR,,}] ,
1
Sp=S,(0)+L"" L_“L {Ny — BaSil, — B3Suly — ”Sh}} ;

1
I = Ih(O) + L] |:s—aL{ﬁzsh[p + ﬁ3ShIh —oly— vyl — ulh}:| ,
and .
Ry =Ry(0) + L7 L—aL{YIh ”Rh}} :

6 Stability Analysis of Model

Theorem 1 Deduce the equilibrium points [40,41,42,43,44] of the model.
Proof We know that the equilibrium points of the system can be found be equating the equations to zero, so

Ny —bS,— BiMS,I, =0
BiMS 1, —al, — bl — 81, =0
81, —aQ,—bQ,—£0, =0
€0, — bR, =0 (39)
Ny — BaSulp — B3Snly — uSp =0
B2Snlp + B3Sply, — ol — ¥l — ul, = 0
YIh—UR, =0

By above system, we obtain equilibrium points given below, they are-
(1) Disease free equilibrium point

N, N,
E\ = (—1,0,0,0,—2,0,0) (40)
b u
(2) Swine disease free equilibrium point
N, A Ny — uA Ny — UA
EZZ(_laOaOaOa_aﬁ3 2 a 51ﬁ3 2 £ ) (4])
b B~ BA  pn BiA
here A = oo+ y+ u and remember that E, exists provided that B3N, — uA > 0.
(3) Endemic equilibrium point
Es = (S}.1,,0;,R}.S;. 11 R}) 42)
«_ B g« _ BIMNi—bB « _ I, « €0l
where S, = g57. 1, = “ g @p = @rvre) Ko = barbrey
* 1 % * __ N
Ih = BA <X+ A /X2+4Aﬁ2ﬁ3N21p), Sh = m and
I*
R, = %’ where X = 3N, — A (B21;+[,L),B =a+b+54.
Note that E5 exists only when ${MN; —bB > 0.
Theorem 2 The disease free point E is locally asymptotically stable if B3N, < nA and BiMN; < bB.
Proof The Jacobian matrix of the given system at Ej is-
[—p BN 0 00 0 0]
0 BN _p 9 00 0 0
0 o —(a+b+e) 0 0 0 0
Ji=1|0 0 € -b 0 0 0 (43)
_ BN _y _BWw
0 , ¥ 0 0 —u , m 0
B> BNy
0 m 0 0 0 m A0
| O 0 0 0 0 Y —U |
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The eigenvalues of J; are
BiMN,

B
b

M :lzsz,h:14:7u,l5:7(a+b+8),7%:

and 7 = % —A.
Note that A¢ and Ay are only negative when B;MN, < bB and B3N, < uA. Hence the disease free equilibrium of the
model is locally asymptotically stable when 3iMN; < bB and 33N, < UA.

Theorem 3 The pig disease free point E; is locally asymptotically stable if B3N, > pA and BiMN| < bB.
Proof The Jacobian matrix of the given system at E is-

[—p BN 0 0 0 0 0]
0o BMNi_p 9 0O 0 00
0 8 —(atb+te)0 0 0 0
L=1|0 0 £ —b 0 0 O (44)
0o B 0 0 -BY 40
o B 0 0B% 40 o
Lo 0 0 o 0 vy —ul

The corresponding Eigen values are

A’l :AQ:7177&3:7”7}’4:7(04»174»8)7}’5: WTN]iBa
B ()
As = 2

2
B3N, B3Ny B3Ny
AT 774“A(W71)

and A7 = A 5 .

From here, we see that As is negative if 1 MN; < bB and Ag, A; have negative real part when 33N, > A. Hence the pig
disease free equilibrium of the model is local asymptotically stable if B MN; < bB and B3N, > UA.

Theorem 4 Endemic equilibrium Ej is locally asymptotically balanced if B3N, < pA and B MN; > bB.
Proof The Jacobian matrix of the given system at E3 is-

[—b—W, —¥, 0 0 0 0 0
v, Y% -B 0 0 0 0 0
0 0 —(a+b+e) O 0 0 0
Jz= 0 0 £ -b 0 0 0 (45)
0 —pBS; 0 0 —¥—u —BsS;, 0
0 B.S; 0 0 Y BS;—A 0
. 0 0 0 0 0 Y —u

where ¥ = BMN _, yp — Band W = WJFW;;.

The corresponding Eigen values are

— [BiM (I} —S3) +B+b] + Y,
2

P [BiM (I — §%) + B+ b] — Y rem = [Bol + B3 (I; — Sp) +A+u] +7s
2 e 2

A’l:_ba)@:_u7)’3:_(a+b+8);zf4:

and
=Bl B (I S;) A+ U] -V
- 2

where Y| = \/[BIM (I; —S5) + B+b]” — 4By M (BI; — bS3) + Bb
and Y, = \/ (Bl + Bs (I — S;) + A+ 1)° — 4 [BALL + BsAL; + 1 (A — BsS;)]

A7

From above, it is clear that A4 and As have negative real part if fiMN; > bB and A¢ and A7 have negative real part if
BsN> < pA. Therefore, the system is local asymptotically stable under the given conditions.
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7 Numerical Analysis of Model

During the numerical analysis of the proposed model, we have used some numeric values of the populations and the
parameters used. The values are given in the following table [45,46]:

| S.N. | Symbol | Detail Numeric Value
1 5,(0) Initial Pig susceptible 4057
2 Sy(0) Initial Human susceptible 50000
3 1,(0) Initial Infected Pigs 1000
4 1,(0) Initial Infected Humans 1000
5 0,(0) Initial Isolated Pigs 0
6 R,(0) Initial Recovered Pigs 0
7 R,(0) Initial Recovered Humans 0
8 a Death rate by disease 0.9
9 Bi Trans.Coeff./unit time/pig contact with infected 0.000365
10 B Trans.Coeff./unit time/soul contact with infected pig 0.1
11 B3 Trans.Coeff./unit time/soul prone contact with infected 0.000465
12 N The recruitment rate of lone into swine farm 3275
13 Ny The recruitment rate of lone in humans 500
14 a Pig Death Rate by Disease 0.9
15 b Pig Removal Rate 0.75
16 u Human natural death rate 0.9
17 Y Trans. rate from infectious class to recovery class 0.9
18 M Moisture in air 0.9
19 1) Rate from Infection class to Isolated class in pigs 0.9
20 £ Trans. rate from isolated class to recovery class 0.9

Table 1: Table with initial value and parameters

Now, using the above data into our proposed model, we got numerical results and by using these results, we plot different
graphs representing the mathematical situations of the different factors at different order of system. The figures are given
as below:

From these obtained results, we can see that human recovery rate is much faster than the pig recovery rate while human
infection is going down rapidly while pig infection is going higher side. At the point when we see the mathematical and
graphical solutions, we observe that our outcomes are more sensible in current situation. Thus, we can state that this illness
is more irresistible in pigs when contrasted with people.

8 Conclusion

We have define and studied the Streptococcus Suis fractional model with Riemann-Liouville fractional operator and also
proved the existence and uniqueness of their solution. We also calculated their numerical and graphical solutions as well.
When we studied the numerical solutions, we found that our results are more realistic and closer results in current
scenario. So, we can conclude that this disease is more infectious in pigs as compared to humans. We have constructed a
mathematical model using the SIQR model, which only takes into account the pig population, to forecast the disease
transmission of Streptococcus suis between pigs and humans. The SIQR-SIR model, which describes the epidemiology
of Streptococcus suis transmission between pigs and humans, is studied.
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