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ABSTRACT Mathematical research about Meningococcal meningitis disease
usually focused in one region, however the spread of this disease also can be caused by
residents who visiting epidemic region. So, the purposes of this study are (1) to establish a
mathematical model of Meningococcal meningitis disease between two regions, particularly
Indonesia and Saudi Arabia, (2) to analyze the stability of each equilibrium points, (3) and to
explain the model simulation of Meningococcal meningitis with the effect of vaccination on
populations from Indonesia. The disease-free equilibrium point is locally asymptotically
stable when the reproduction number is less than one and unstable when the reproduction
number is more than one. In addition to the stability of the locally asymptotically stable
endemic equilibrium point when the reproduction number is more than one. Based on the
model simulation, if the level of vaccination is higher, then the infected class on populations
from Indonesia and Inffected class from Saudi Arabia will decrease tend to zero. The
vaccination program can be used to control the transmission of Meningococcal meningitis
disease. It also can be useful to monitor the efficiency of vaccination program in the country.
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INTRODUCTION infected individuals can transmit the
bacteria up to 24 hours after the initiation
Meningococcal meningitis, caused of antibiotic  treatment.  Although
by Neisseria meningitides, is a serious colonization occurs in more than 10% of
form of meningitis and has the highest adults, rates as high as 42% have been
mortality rate if untreated. In addition, observed among adolescents and young
meningitis caused by this type of bacteria adults due to the social behavior of these
is reported to have a mortality rate in populations i.e. kissing, smoking, and
developed countries with a percentage of alcohol consumption that predispose them
about  70-80%  before  treatment to transmission (Martinez et al.,2013).
(Martcheva & Crispino-O’Connell, 2003).
The ratio between epidemic and mean N. meningitidis lives exclusively in
endemic incidence rates is generally the human upper respiratory tract and it is
higher in developing countries than in transmitted between hosts via oral
developed (World Health Organization, secretions or direct contact. By means of
2002). It happens relatively rarely, the their pili, meningococci adhere selectively
incidence is less than 5 cases over 100,000 to non-ciliated columnar cells of the
populations (Centers for Disease Control nasopharynx, starting to multiply and
and Prevention, 2015). colonize the site of mucosal attachment.
They can survive even if phagocytosed by
Meningococci are transmitted by epithelial cells, from which they can
droplets from the respiratory tract, and escape to reach the submucosal or directly
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invade damaged epithelial surfaces. It has
been reported that diplococci colonies can
be carried for several months even more
than one year (Hung & Christodoulides,
2013).

Meningococcal meningitis is an
infectious disease that is often carried by
Hajj or Umrah where the disease occurs
acutely and rapidly spreads to the
congregation (Yezli, Assiri, Alhakeem,
Turkistani, & Alotaibi, 2016). Based on
the data from the World Health
Organization, countries in the African
continent are still an endemic country of
meningitis disease. Given the geographical
position of Saudi Arabia whose position
lies precisely close to the African
Continent, it is assumed that this area
becomes an area with a high endemic
prevalence such that the potential for
contagious diseases for hajj jama'ah or
umrah can occur quickly. In the other side,
the number of Hajj or Umrah originating
from Indonesia tends to increase every
year and hence the potential spread of this
disease can occur in Indonesia. Based on
data from the Ministry of Religious Affairs
of the Republic of Indonesia (2015), the
average number of umrah from Indonesia
is 195 people per day and the average
number of hajis from Indonesia is 154,000
people per year.

Vaccination strategies used to
manage meningococcal disease vary based
on specific conditions within a region or
country and the needs of the target
population. For instance, routine, age-
based prophylactic immunization is often
used when typical, or endemic, disease
rates prevail in specific age groups. In
contrast, mass vaccination is often
deployed under epidemic conditions,
defined as an increase in cases compared
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with  baseline  endemic  conditions

(Vuocolo, et al., 2018).

Meningitis vaccine is a mandatory
vaccine that must be done by prospective
pilgrims to protect the risk of contracting
meningococcal meningitis.  Meningitis
vaccine contains antigens, a substance that
stimulates the immune system to form
antibodies and fight the bacteria that cause
meningitis, hence vaccine can reduce the
risk of meningococcal Meningitis disease.
Mathematics research about meningitis
vaccine wusing control had done by
Asamoah, et al. (2018). Blyuss (2016) also
had discussed temporary population
immunity to meningitis disease which can
be useful to measure the efficiency of
vaccines.

Furthermore, usually, mathematical
research about meningitis is discussed in
one region. For example Irving, et al.
(2012) who had discussed meningitis in
the Africa, and also Wiah (2010) who had
discussed the disease in the Ghana.
Therefore, it is logic if the discussion of
meningitis is divided into two regions, for
example between Indonesia and Saudi
Arabia.

In this paper, a new model will be
developed between the two regions in
which case Indonesia (INA) and Saudi
Arabia (KSA) use the population
compartment SCIR — SI. This is done to
see how the differences in population
dynamics in each region caused by
population movement. The displacement
of the population is Indonesian citizens
who will travel to Saudi Arabia as an
umrah or hajj pilgrim, and the citizens of
Saudi Arabia who also perform the
pilgrimage.
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MODEL FORMULATION AND
ANALYSIS

There are six groups of individuals
to be wused, namely the number of
susceptible  populations  present in
Indonesia (S;y4), the number of bacterial
carriers present in Indonesia (C;y4), the
number of infected populations present in
Indonesia (I;4), the number of recovering
populations Indonesia (R;y,4), the number
of susceptible populations present in Saudi
Arabia (Sks4), and the number of infected
populations present in Saudi Arabia (Ixs,).

To simplify the process of
modeling the spread of Meningococcal
meningitis between Indonesia (INA) and
Saudi Arabia (KSA) regions, assumptions
are made. The assumptions used in this
study are:

1. There are susceptible and infected
individuals in  both  areas,
especially in Indonesia, there are
individual carriers of bacteria
(carrier).

2. There are susceptible individuals
who are given vaccinations in
Indonesia and vaccinated
individuals are not affected by the

disease and fall into the cured
category.

3. There are susceptible individuals,
carriers of bacteria, infected and
cured who died naturally in
Indonesia.

4. There are susceptible and infected
individuals who die naturally in
Saudi Arabia.

5. The individual rate of all classes
who die naturally for both regions
is the same.

6. Individuals infected can recover in
Indonesia.

7. Contacts between the two countries
occurred during the Hajj and
Umrah season.

The incubation period of
meningococcal disease is 3 to 4 days, with
a range of 2 to 10 days. Meningitis is the
most common presentation of invasive
meningococcal infection (meningococcal
disease) and results from hematogenous
dissemination of the organism (Asamoah,
et al. 2018). So, time unit (t) is assumed to
be calculated in weeks because the
incubation period may exceed seven days
(one week). The variables and parameters
used in this modeling are:

Table 1. Variables and Parameters.

Variable Definition Range
S The number of susceptible populations from Spa =0
Indonesia
Coa The number of bacterial carrier population Cpa >0
from Indonesia
| na The number of infected populations from o =0
Indonesia
Ria The number of recovered population from Ry, >0
Indonesia
Sisa The number of susceptible populations from Syen >0
Saudi Arabia
| s The number of infected populations from Iy =0
Saudi Arabia
Parameter
A The number of prospective Hajj / Umrah A>0

pilgrims from Indonesia
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yij The number of prospective Hajj / Umrah £>0
pilgrims from Saudi Arabia

H The rate of individuals experiencing natural u>0
deaths in all groups

V4 The average number of contacts between the 7>0
S, Ppopulation and the 1., population

T The average number of contacts between the >0
Sysa Ppopulation and the 1, population

B Probability of disease transmission from |, 0<p <1
population to S, population

B, Probability of disease transmission from |, 0<p,<1
population to S, population

®» Effectiveness of treatment on infected ¢>0
individuals

k Recovery rate of infected individuals k>0

Vv The transfer rate in the individual carriers of v>0
the bacteria (carrier) becomes an infected
individual

0 Proportion ~ of  vaccinated  susceptible 0<o<1

individuals in Indonesia

According to the data in Table 1 and based meningitis disease can be depicted in
on assumptions, the compartment diagram Figure 1 as follows:
of the spread model of the Meningococcal

" K

Figure 1. Compartment diagram of the spread model of Meningococcal meningitis disease
between INA and KSA regions.

According to Figure 1, obtained mathematical model is as follows:

t
ds%?() = A(l_‘g)_”ﬁlslNAlKSA _(0+ﬂ)S|NA
dc%/;(t) = 73S \nal ksa _(IU+V)CINA
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dl (1)

216, (1 k) o X
dR%/;(t) = kol +6S 0 — LR s
dSK;/; (t) =B (2B, a + 1) Syen
dl K;,; (t) = 28,5 el yn — 11l e

with the domains of the variables in the model are

Q = {(SINA>CINA’ IINA’ RINA’ SKSA’ IKSA) € RG : SINA7CINA’ I INA> RINA’ SKSA’ IKSA = 0}

and parameters employed in the model are A5 7% VK@ 41 of them are positive and
0<p<10<p,<1l,and 0<O<1.

Model Transformation changing the system (1) to form a

proportion between the number of

Model transformation is used to individuals in a subpopulation with the

analysis the solution behavior that can be total population. Lemma 1 shows us how
easier. In this article, system (1) needs to to get the proportion of INA populations.

be simplified by scaling, namely by

Lemmal
Given the initial value F(0)>0 , with F(t)=(Sya Cia:lina:Ria)- The solution of the
model (1) for the INA population is non—negative for all t>0. Furthermore

!imsupN,NA(t)g@ With N, (6) = Sy (1) +Con (1) + I (6) + Ry (1)

Proof
Based on system (1),

AN s _ dS s n dCyys n dl n dRya
dt dt dt dt dt

= A(1-0)~7B,S alsn —(0+ 1) Spua + S pal ksn —
(+Kk@) i +Kpl p +60S 0 — 1R s

=A(1-0) - Sy — 1Cyyp — 12l — 1R

= A(1-0)— (S +Cuxa+ la + R )

Because of Ny, (t) =Sy () +Cpua () + s () +Rya (t) we obtained
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AN _ A(1-6)—-uN,, . @)
dt
A(l-6 A(l-6
The value of M<OifN,NA ZM. On the other hand, M>O if N . SM.
dt dt 7

A(1-6)

U

So the least upper bound N, is . Model in system (1) describes the human

population (INA) infected with meningococcal meningitis, it means that if all variables are

non-negative for t>0, then the solution with positive initial value will always remain
positive (t>0).

Based on Equation (2), it is called the rate of change of total population in Indonesia,

A(l1-6
as t —oo the solution Ny, approaches(—). Furthermore, Lemma 2 shows us how to
y7;
get the proportion of KSA populations.
Lemma 2
Given the initial value F(0)>0, with F(t)=(Ss. I ). The solution of the model (1) for

B

the KSA population is non—negative for all t>0 . Furthermore !im SUPN s <—  with
—>0 //l
Nysa (t) = Sksa (t)"‘ ls (t)

Proof
Based on system (1),
dNKSA _ dSKSA + dIKSA

dt dt dt

= BB, wa+ 1) Ssa + 7B;Sisnliwa = ks
= B =10, aSksa — £4Sksa + TpSsal na = #l ks
= B —1S¢sp — s
:ﬂ_ﬂ(SKSA+ IKSA)

Because of Ny (t)=Sya (t)+ I¢sa (t) we obtained

dN KSA

at = — Ny 3)
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The value of Ny, <0if Nyg, > 5 On the other hand, Ny, >0 ifNg, < 5 So, the least
dt U dt U

upper bound N, isﬁ. Model in system (1) describes the human population (KSA) infected
y7,

with meningococcal meningitis, it means that if all variables are non-negative fort >0, then
the solution with positive initial value will always remain positive (t >0).

Based on Equation (3), it is called the rate of change of total KSA population. As
B

t — oo, the solution N, approaches=. It means from Lemma 1 and 2, we can define the
M

A(1-6)
7,

B

subset T by the equations S, +Cya+ s+ Ra = and Sy, + g =—. It is an

A(1-90)
y7]
Therefore, it is enough to analyse the asymptotic behaviour of solution of system (1) in this

invariant set.

The INA populations and KSA populations remain constant in T, then, without loss of
generality, we can use the proportions

B

and N, — —, all paths approach T.
y7]

invariant region for system (1), since N, —

S — SINA — CINA H — I INA r — RINA
"OAL-0)™ A1-0)"™ A1-6)"™ A(1-6)’
u H 2 2
and
S, = SKSA i o= IKSA
KSA é 1 TKSA é )
u 1z

Using these proportions, system (1) in the invariant space T can be written as follows

ds .
% = 1= 73S alksn (g} - (0 + /J) Sina
dc .
# = 713, Sinalksa (gj —(,u +V)CINA
di .
C;?A =VC\a _(,u"‘k(D)'mA (4)
e =K@l p + OSa — Hla
dt
ds . A(1-6
d—KSA:ﬂ_TﬂzlmA( ( )jSKSA_ﬂSKSA
t
di ) A(l-60 .
% :TﬂZSKSAIINA( ( )J_/'”KSA
U
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System (4) which is a nonlinear equation system is the transformation result of the
mathematical modeling of the spread of Meningococcal meningitis disease in the system (1).
Now, we give a more analysis of the system (4).

Equilibrium Points

Equilibrium points of system (2) are obtained if (Perko, 2001)

dsy, _ dCia _ diyy, _ driy, _ dSy s _ dixsa _
dt dt dt dt dt dt

Theorem 1
=0, then system (4) has disease free equilbrium point

E, :(SINA 0,0, rINA 1 Sksa ’O)

9+,u ands,., =1.

il Ifiy, #Cpa #lksa # 0, then system (4) has the endemic equilibrium point
E = (SINA**1 CINA**’ iINA**’ rINA**’ SKSA**’ iKSA**)
p(Ry+M) o = _ #B(R-1) . _vuBi (R 1)
(0+ )Ry (M +1)’ " B,R(M+1)’ " BR (M +1)
,k,k_k(pol(Ro—l)Jr O(R,+M) ¢ m_ M+l . Rl

I IfIINA:CINA lksa

* _ /,l *
where S, _eT’r'NA

wheres,,,” =

™SR R (ML) (+ R (ML) T TR AM T TRAM

Proof

From each equation in system (4) with the right-hand side equal to zero, then system (4) can
be written as follow

dsa (t :
—INA( ) = 1= 73S inalksn (EJ_(H"'/‘)SWA =0 (5.1)
dt 7,
d t
—CINA( ) = 7B,Sialksn (ﬁj_(ﬂ+V)CINA =0 (5.2)
dt Y7,
i, (T
I”\(IdAt( ). Civa —(#4+Kgp)ipgy =0 (6:3)
t
dr”\(l;'[( ) = K@i + 0S40 — 1iiya =0 (54)
dsysa (t . [ A(1-0
—K(S:IA( ):,U_TﬁzlmA (MJ ksa ~ MSksp =0 (5.5)
t u
di... (t A(1-6
—IK(SjAt( ) :TﬂZSKSAiINA( ( )]_ﬂiKSA =0 (5.6)
i. Since iy, =Cpna =lgsa =0, from equation (5.1) is obtained
U
Sy = 6
INA 0+ 1) ©)
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Since iy, =Cya =lksa =0, then substitution (6) into equation (5.4) then it is obtained
0

A —— 7
INA (0+ﬂ) ( )
Since iy, =Cpa =lksa =0, then the equation (5.5) obtained
Seen =1. (8)
Based on equation (6)-(8), we obtain E,=(S,," 0,05, S 0) with s,," = Hﬂ ,
+u
Mna = Land Sken =1. Itis called disease free equilibrium.
0+ u
ii. Furthermore, ifi,, #0,C,, # 0,is, # 0, then from equation (5.1) we obtain
7]
S 9
" Biixsa +6+ 4 ©)
with B, = 7f3 s . If equation (6) is substituted into equation (5.2), then we obtain
y7i
HBiiys
Cina = 10
" Biiksa (,u +V)+ B, 4o
with B, =(6+ u)(u+V). If equation (10) is substituted into equation (5.3), then
; VB, (11)

"™ =B (v) (k)i 1 B,

with B, =B, (u+ke). If equations (9) and (11) are substituted into equation (5.4), then we
obtain

Nna = k(pVBllKSA - Y 0 (12)
B,(1+V)(1+Kp)iga+B;  Biigga +0+ p
From equation (5.5), it is obtained
y7]
S = R ) (13)
o (0+ﬂ) Rilja + 4
A(l-6
5, 0=
with R, :e—ﬂ and i,,, as shown in (11). Furthermore, from equations (11) and (13),
+u
it is obtained
_—_— R, (6+ u)vB,—B,
IKSA - . (14)
R, (0+ p)VB, +(u+V)(u+ke)B,
V(o B
If R, :(jLA)lR1 and M = 951 , then Equation (14) can be simplified as follow
3 +H
D R, -1
AT R AM

0
(15)
Substituting Equation (15) in Equations (9) — (13) we obtain the endemic equilibrium point
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Hk *h - Fk

E1=(SINA Cina slina

1(R,+M)
(0+ )Ry (M +1)’

« kovB (R, -1) O(R,+M)

wheres,,,” =

i = B,R, (M +1)  (0+1)Ry(M +1)’ Mo TRAM MR T

the Theorem 1 has been proven.
Basic Reproduction Number

Basic reproduction number (R,) is
the number of individuals who directly
infected by an infectious person in the
susceptible population (Holme & Masuda,
2015). There are many methods to find
this number, for example using M-matrix
(Raimundo, Yang, & Venturino, 2014),
using spectral radius theory (Driessche &
Watmough, 2002), using Jacobi and next

dc,. (t .
”;ﬁ( ) =713, S inalisa [%j - (:U + V) Cina
dln\:t(t) =VCiya _(/U + k@) na
—dIKSA (t) = 78,Sksalina ( A(l_ 9)] — Migsa
dt 7,

We define F as the linearization result of the system (16) in E, =(

£

INA

ok *h - ok
I’INA 'SKS_ ’IKSA )

4B, (R, —1)

| ~_ VB, (Ry~1)
B,R,(M +1)’ " BR (M +1)
M+1 . . Ry-

1 . It means that
R,+M

O

generating method (Yang, 2014). In this
paper, we use next generating matrix to
determine basic reproduction number
following what has done by Yang (2014).

This matrix is constructed from
sub-populations that cause infection. In
this model, the cause of infection is the
carrier and infected population in
Indonesia and the infected populations
from Saudi Arabia. So, we use system
(16).

(16)

7,
,0,0
(6?+,u)

: 0 ,1,0) It
O+ u

is a matrix of the rate new individuals infected by the disease which adds to infection class.

0 0 7B, —L (ﬁ)
(0+u)\ u
F=|v 0 0 a7
A(l-6
0 rﬂ{ ( )] 0
L H i
We also define V as the linearization result of the system (16) in
Eo=( elu 1010199 11;0J
( TH ) TH . It is a matrix of the death rate and/or recovery rate which

reduces infection class
H+V 0 0

V= 0 u+kep O
0 0 Y7,
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The inverse matrix V is

H+V
. 1
V= 0 (18)
u+ke
0 o =
y7;

Next generating matrix, K, ié obtained as the res_ult of multiplication between F in (17) and
V~1in (18)

0 O ﬂﬂlﬂ
(0+u)u
K=FVi=| L 0 0
U+V
0 75,A(1-0) 0
i p(u+kp) ]
Basic reproduction number, Ry, is obtained from the largest eigenvalue of K in (19). We have
~ 1
Ry = (Ro)3

In this case, the basic reproduction number R, is taken as part of R,,.
Stability Analysis of the Equilibrium Point

2.4.1 Stability of the Disease Free Equilibrium Point

Theorem 2

i. If R, < 1,then the disease-free equilibrium point (E,) is locally asymptotically stable.
ii. If Ry > 1, then the disease-free equilibrium point (E,) is unstable.

Proof
The Jacobian matrix of System (4) in E, is
I I
—(0+ 0 0 0 0 - =
( ,u) 7 0+ 1 11
0 —(u+v) 0 0 0 ot P
O+ p p
0 v —(p+kp) 0 0 0
J(E)=| o 0 ke i 0 0 - (20)
A(l-6
0 0 —rﬂz( ( )] 0 -u 0
U
A(l-6
0 0 rﬁz( ( )J 0 O —u
i H |

90



Malaysia Journal Of Science 38 (2):79-97, August 2019

The eigenvalues of J(E,) in (20) are determined using det(y1-J(E,))=0 whereyas

eigenvalue and I as identity matrix, then we have the characteristic equation as follow

A(1-6
(7+(0+1))(y +u)(y+ 1) (7/+(;1+V))(7/+(/1+k(p))(}/+,u)—V7rﬂlef‘ugfﬂz[ (ﬂ )H:o (1)
From the equation (21), the first three of the eigenvalues are
ri==(0+n). 7, ==(u+V).rs=—(u+kp).
It can be seen that y4,y,, and y; are negative. Hence the rest eigenvalues satisfy

A(1-6)
+(u+v +(u+k + 1)V _H B —2 (=0. 22
(o) )+ - Lo 220 @
Equation (22) has characteristic polynomial which can be written as shown in (23)

Y eyt +ay+a, (23)
where

a, =(u+V)+(u+ke)+u
a, :(y+v)(y+k¢))+(y+kqo)y+(y+v),u
8, =(u+V)(u+ke)u[1-R,]

We use Routh Hurwitz conditions (Wirkus, Swift, & Szypowski, 2017) to determine the
value of each eigenvalue in (23). The eigenvalues in (23) have negative real parts if

a,,a,,a8,>0 and aa, >a,. These conditions are satisfied ifR; <1. Thus, disease free

equilibrium of system (5) is locally asymptotically stable if R, <land unstable if R, >1.
Hence the proof completes. m

2.4.2 Stability of the Endemic Equilibrium Point

Theorem 3
i If R, >1, then the endemic equilibrium point (E, ) is locally asymptotically stable.

ii. If R, <1, then the endemic equilibrium point (El) is unstable.

Proof
The Jacobian matrix of System (4) in E; is
[—7tBrixsa™ (%) -0+ 0 0 0 0 —7B1Sina™* %
TByiiksa"” (%) —(u+v) 0 0 0 ”3151NA**§
_ 0 v —(u+ ko) 0 0 0
J(E) = 0 0 o _# o 0 (24)

0 0 —1h, 0 —tfina™" 460 _ 0
0 0 TB2Sksa™" (A(IM_G)) 0 TBoina"" 409 —Hu

One of the eigenvalues of the J (El)is —u and the sign of the rest eigenvalues can be seen
using Routh Hurwitz criterion. The characteristic polynomial is given by

7°+by* +b,7° +by® +by +bs, (25)
where
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b1:2y+25+B[ ) J
- -1
b2=26+luB( j :\Q/IO Z, l{ IjO ZS(%)’
R, -1 R, -1
b,=z,+Bz 2, ———+uz ,
3 = 4y 111R |\/||\/| 1 112R0+|\/| ﬂ13M+1
b, =z, + 21°RVB, R, 1 +2, R, ~1 RO_1+Z3 R, 1 +2, Ro_l,
R(M+1) “R+MM+1 "R +M M +1
oo # R-1R-1 )R-l +uR°_1+u(1—RO),
O+uR,+M M +1 R,+M M +1
B,RvV
=y’ (u+kp)(u+6)+B,+uB,, Zz=ﬂ(ﬂ+k(ﬂ)+lR—R1,

=i (4+V)B +uBM +BM + 1B, , 7

0

4 :,U(/H‘V)Bl"'ﬂBs’

zg =(u+k)+(u+V)+(u+0),25 =2uzs + 1 + B, +(u+0)(u+ko)+(u+v)(u+ke),

Z, =2u+(u+kp)+(p+V), 7, = 4 + uz;,

2y =2uB, +2u(u+0) (1 +kp)+2(p+V)(u+ke)+ 1z +0(u+V)(u+ke),
=22+ p* +(p+ ko) (u+Vv),
2y =2y + pu(p+60)+(u+0)(u+kp)+(u+v)(u+kp)+B,.

L :ﬂ(ﬂ+k¢)+ﬂ(ﬂ+v)v 2, = 4 + 210, 2y

The Routh Hurwitz conditions that guarantee that the eigenvalues of the characteristic

polynomial (25) have negative real

parts are given by b,b,,b;,b,, b >0

and

bb,bb, +2bb,b. +b,bb >b’ +bb’b, +b?b? +bZb,. These conditions are easily seen to be
satisfied if R, > 1. Thus, the endemic equilibrium point (E;) of system (5) is locally
asymptotically stable when R, > 1 and unstable when R, < 1. This completes the proof. o

RESULT AND DISCUSSION

The mathematical model of the
Meningococcal meningitis disease spread
would be simulated to provide a geometric
pattern in accordance with the conditions
of the basic reproduction number and the
influence of giving vaccine to the Hajj /
Umrah pilgrims from Indonesia. Basic
reproduction number can be used to
determine whether the disease disappears
or endemic in the population.

The average number of Umrah
pilgrims from Indonesia is 195 people per
day, hence there are 1,365 people per

92

week to Umrah. The average number of
Hajj pilgrims from Indonesia is 154,000
people per year, hence there are 2,961 Hajj
pilgrims per week (Ministry of Religious
Affairs of the Republic of Indonesia,
2015).  Therefore the number of
prospective Hajj/Umrah pilgrims from
Indonesia per week (A) is 4,326 people.
On the other side, the average number of
Hajj/Umrah pilgrims from Saudi Arabia is
700,000 people per year (General
Authority for Statistic, 2017), so every

week there is (f) 13,461 people from
Saudi Arabia.
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Table 2. The parameter values of the Meingococcal meningitis model

Parameter Parameter value Reference

H 0.000274 Roser (2019)

T 0.00023 Assumption

T 0.0000742 Assumption

B 0.7 Martinez, M. J. F.
(2013)

5, 0.5 Assumption

% 0.1 Assumption

k 1 Stephens, et all
(2007)

Vv 1 Irving, et all
(2012)

0 0<6<1 Assumption

1. Mathematical Model Simulation on Meingococcal meningitis Infectious Disease Spread
without Vaccination Effector 6 =0

0.4 —

0.5 1

0.1

0 10 20 30 40
t{week)

| — Infected INA — - Infected KSA|

Figure 2. Simulation with 6 =0

In Figure 2, for =0, it can be R, is 2874.593>1 and it only need 10
seen that if vaccination is not given on

) i ) weeks to approach the highest i,
population from Indonesia, then both 1,

. S o population.
and 1., population increase significantly

and the disease will continue to spread.
Under these circumstances, the value of
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Mathematical Model Simulation on Meingococcal meningitis Infectious Disease

Spread with Vaccination Influence for & =0.5

0254 e ————— e —

0.15 4

0.10 4

0.05 4

0 10 20

30

40
t(week)

30 60 70 80

[— Infected INA — - Infected KSA|

Figure 3. Simulation with #=0.5

In Figure 3, with a vaccination rate
of =0.5, it appears that the number of
infected individuals present in Indonesia
appears to decrease more rapidly than in
Figure 2. This indicates that the higher
vaccinations are given, the infected
individuals will disappear faster than the
population, but in Figure 3 this still has not
led to zero so that at some time

Meningococcal meningitis disease will
remain in the population indefinitely.
Under these circumstances, the condition

R,=0.787207 <1. That is, infected
people can hardly infect others but

infected people still exist in the
population.

2. Mathematical Model Simulation on Meingococcal meningitis Infectious Disease Spread

with Vaccination Influence for8=0.9

0.3+

D.l-l

0
t(week)

60 80 100

| — Infected INA — - Carrier INA|

Figure 4. Simulation with 8 = 0.9
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In Figure 4, it can be seen that many the infected population will not infect
infected and carrier individuals present in other populations.
Indonesia decrease to zero so that at
certain times Meningococcal meningitis

disease disappears from the population. CONCLUSIONS

This suggests that the higher vaccination is

given to susceptible individuals present in Based on the discussion that has been
Indonesia, then the disease will disappear described above it can be concluded that
faster than the population. Vaccination mathematical modeling of infectious
with  #=0.9is considered the most disease of Meningococcal meningitis
effective because carriers and infected spread in the form of nonlinear differential
populations can lead to zero. On the graph, equations systems SCIR — SI models
it appears that the disease will disappear at were shown in the system (1) and its
week 50. In these circumstances, the transformation was in the system (4). The
condition R, =0.087489 <1 which means ditfease-(;‘ree equilibrium  point  was

obtaine

E, = (SINA*’ 0,0, Fs » Sksa » 0)

/J *

where s, :eT’r'NA —— and s, =1

- O+ u
and the endemic equilibrium point was obtained

E1=<SINA Cina lina o Tina 5 Sksa + Tksa )

wheres, . = #(Ry+M) c ”:M i **:VIUBl(RO_l)
Moo (0+p)R(M+1)T ™ BR(M+1)" ™ BR(M+1)’
-_koB(R-1) — O(Ri+M) w M+l . . R-1

™R R (ML) 0+ )R (ML) T TR AM T TR M

If R, <1, then the disease-free equilibrium of Meningococcal meningitis that occur
point is local asymptotically stable and if between two different areas. In this paper

R, >1, then the disease-free equilibrium we o_nly (.“S.CUSS a mode_l of Meningococc_al
’ meningitis infectious diseases spread with

point is unstable. IfR,>1,then the vaccination effect only from Indonesian
endemic equilibrium point is local susceptible populations that are given the
asymptotically stable and if R, <1, then the vaccination. Therefore, further research is

recommended to discuss the spread of
infectious diseases of Meningococcal
meningitis by the influence of vaccinations
for susceptible populations from Indonesia
and Saudi Arabia. Then for stability
analysis it is suggested to discuss the
global stability analysis for the spread of
infectious disease of Meningococcal
meningitis with or without the vaccination.

endemic equilibrium point is unstable.
Based on the simulation, with the
influence of giving a vaccine for
Hajj/Umrah from Indonesia, it showed that
the higher the level of vaccinations given,
it will cause the decreasing number of
infected individuals. This suggests that
vaccination programs can be used to
reduce the number of infected individuals
caused by the spread of infectious diseases
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