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Abstract. The aim of this study was to obtain a SIRS model solution for the spread of dengue
fever (DF) using the 4th order Runge-Kutta method. The data used was data on the number of
dengue cases in Makassar city. The method used is the 4th order Runge Kutta Method. The
results of this study are numerical solutions of the SIRS model on the spread of DF in Makassar
city using the Runge Kutta method; Model simulation analysis shown that the estimated number
of dengue cases in Makassar city, so that the government can take steps to prevent the spread of
dengue in Makassar city.
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1. Introduction

Dengue fever (DF) is a type of disease in the tropics area, especially indonesia, including in south
sulawesi [1]. Based on the data from Public Health Office, the number cases of DF in 2016 was142
cases, futhermore in 2017 it increased to 248 cases [2] and until February 2018 62 cases had been
recorded DFwhich was included in 10 category the biggest disease in makassar regional public hospital
[2].

Mathematical modeling can be used to detect and predict the number of dengue fever (DF) cases
were done wusing the model of Suspected, Infected, Recovered and Suspected (SIRS)
[3;4;5;6;7;8;9;10;11;12;13]. In this research, the SIRS model that has been constructed is determinated
by which numerical solution with Runge-Kutta Method. Determination of parameters, simulation and
analysis of result using secondary data on the number of dengue fever cases in makassar city. The result
of numerical solution on the SIRS model with Rungge-Kutta method to show result of accurate in control
and handling transmission dengue fever in makassar city.

2. Method

This research is applied research. The model was built from the modification of the SIR model [8,9].
The SIRS model for transmission of dengue fever was then determined solution by using the 4th order
Runge Kutta Method [14]. The data values of the parameter and initial values used are secondary data
the number of cases dengue fever in Makassar. The model simulation was also conducted using MAPLE
17 to predict the number of dengue fever cases in Makassar city.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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3. Results and Discussion

3.1. SIRS Model for dengue fever
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Figure 1. Human and mosquito population diagram for SIRS DF TransmissionModel [8,9]

Based on human and mosquito popualation diagram on Figure 1, the rate of change humans which
Suspected, Infected, Recovered and the rate of vector which Suspected and Infected dengue fever (DHF)
towards time can be interpreted as follows:

3.1.1. Human Population.
sy, Prnb 1)

- UnNp — N, IySp — UpSp + OnRy

% = BNL:IvSh = (pn +vi)ln (2)
% = Ynln — (up + On)Rp ®)
3.1.2. Vector Population
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3.2. Runge-Kutta Method

The thought of Runge-Kutta method is to maintain Taylor approximation. However in solving ordinary
differential equation with the Taylor method not practical because the method requires derivative
estimation f(x,y). Furthermore, not all a function are easy to calculate its derivatives, especially for
difficult functions. The higher order of the Taylor method, its derivative must be calculated is also high
[14].

Runge-Kutta Method is another alternative to the Taylor series method that doesn’t require
derivative. This method is trying to obtain a high degree of accuracy, and also to avoid looking for
higher derivatives by evaluating functions f(x,y) with a fixed point on each interval. In general, the
Runge-Kutta method has three characteristics [14]:
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e This method is a one-step method, that its to obtain Y,,; only requires information available on

the previous point (Xg, Yo) .

e This method is corresponding with the taylor series until h*p term, with p is different for a
different method.

e This method doesn’t require evaluation of each derivative f(x,y), but the function itself.

3.2.1. The 4th Order Runge-Kutta Method.

The 4th order Runge-Kutta is the most accurate method compared to the previous order Runge-Kutta
Method. Therefore, The 4th Runge-Kutta is often used to solve a differential equation. This method is
obtained from the 2nd Runger-Kutta method second order with n=4, which has a form of an equation
[13].

1 (6)
yr+l = yr +6(k1 +2k2 + 2k3 + k4)
kl = hf (Xr! yr)
1 1
with k, =hf(x, + N hy, + 5 k) ™

1 1
k,=hf(x +=h,y +=Kk
3 (r 2 yr 2 2)

k, =hf(x. +h,y, +k,)

The 4th order Runge-Kutta method is having a high accuracy level of the solution reatherthan the
previous order Runge-Kutta method, this method is also easy, stable and its have a small cutting and
rounding error.

An equations (6) and (7) are resolved using the 4th order Runger-Kutta method have obtained
degression from the general form the 4th orderRunge-Kutta method with n = 4. The general form of
the 4th order Runge-Kutta as in equation (8).

Ve =Y, @k, +a,k, +a5k; +a,k,)h (®)
with

k,=f(x.,y,) 9)

K, = f(X, + .y, +0,,kh) (10)

k3 = f(x, +p,0 Y, +0,Kkh+0,,k,h) 1)

K, = F(X + Psh, Y, + 0y ki h + G,k 0+ 0gzksh) (12)

To obtain solution with using Runge-Kutta method fourth order, required Taylor series fourth order,
such that by following general form of Taylor series equation is obtained equation (13).

Oy POy £y £y s ofre) -
yr+1_yr+ (Xr!yr) + (Xrlyr)a-l_ (Xriyr)a-l_ (eryr)z-l_
With
: _ o o 14
f(Xr7yr)_aX+f(Xr’yr)ay ( )
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f"<xr,yr>={a L2ty S (1 y)F fH[ﬁn(xr,yr)@jﬂ}

X oxoy oy* x NI
f..-(xr,yr){‘;: +3f(xr,yr)—ai2;y 3(f(x.y,)) aaa; 6yf (dyj }

_3(6)(_'_ f(Xr’yr)ayj(aXay ( r y)ay J:| ( )

(071 o° f 071 | of oryary
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Then we obtained Taylor series fourth order in equation (16).

of of h2
yr+1 yr+f(xr’y)h+|:a_+f(xr’y) :|

E
a; +2f(x,,yr)g:f +(f (X y,) g;:}h; f;f‘;; f(xr,yr)(%jz %+
:8837:+3f(xr!yr)ai32;y ( ( o Yr ))2 666:/ ayf (dyj ]2;-}-
(a2 S e S
:a;: +2f(Xr,yr)§:f (0 y ) gyf};}r
{%(%TH(X”M(%T % (16)

After obtaining Taylor series fourth order in equation (16), its equation identified with equations
(10)-(12) so we have a values a11 3.2 ) a31a4a p11 pza pg ] qll, q211 q311 qzz ] qua and q33, where:

kl = f(Xr’yr) (17)
k, = F(X + Py, 0k h) = £y )+ ph -+ quhf o,y ) &
2 r 1" Jr 111 - r'yr pl aX qll r’yr ay (18)
Ky =f(x, +p,h Y, +0,kh+0,,k,h)

of of of of of
ko= f(X.,y,)+ pzh&wﬁhf (X, yr)5+qzzhf(xr,yr)5+ p1q22h2&5+ (19)

2
of
qlquZh2 f (Xr ) yr )(5)
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Ky = £(X +P3h, Y, + 05k 0+ 05k, h +Ga5ksh)

h? iﬂ
OXx oy

of of
= f(x,,y,)+ psh +q31hf(xr,y )ay+Q32hf(Xr’Yr)5+p1Q32 +

, of of
ox oy

2 2 2
of of of (of (20)
qzlqssf(xr’)’r)hz(aj +q22q33f(x,, yr)hz(ﬁ_yj + p1q22q33h3_(_j +

2
of of
qlquZf(Xr!yr)hz[Ej +q33f(xr!yr)h5+ P,0dssh +

ox\ oy

of
011922955 F (X, ¥, )h (ay]

Subtituting the values kl, k2 ) k3 »and k , to equation (8).
Voq =Y, +(ak +ak, +ak; +a,k,)h=y, +akh+ak,h+akh+a,k,h

Ve = Yo + +la f(x,y) +a, f(x,y,) +a f(x,y,)+a,f xr,y)]h+

of of of
a2p1&+a3p2&+a4p3&+a2qnf(xr,yr)5+

of of of
a3q21f(xr’yr)a"'aaqzzf(xrvyr)a+a4q31f(xr’yr)a"' h* +

of of
a4q32 f (Xr ' yr)a + azqu3 f (Xr ! yr)@

of af of af of af
as pl%z & ay 4 p1q32 5y 4 p2q33

2
of
a3q11q22 f (Xr ' yr )(5} + a4q11q32 f (Xr ' y (

2,005 f (X, yr)(%} +2,0,,055 F (X, Y, )(EJ

of (of \’ o\’
A, P10,2035 &(EJ +8,01102,053 f (Xr ) yr)[aj ]h4 (21)

According to the comparison with two equations, we obtaining equation (22)

3

=
+
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P, =0y,
Py =01 + 0z,
= Oy + 0sy + ass
P3 =03 + U3 + a3 (22)

a,+a,+a,+a, =1
1
a, P, +a3P, +a,P, :E’
1
a5 P,0y; + 3, (P, Uz + Py0ss) = A

1
a; 0,102,035 = ﬂ

So that from equation (23) we suppose that:
1 — 1 _ — —
q]_]_:E; q21_0’ q22:§;q31_0’ q32_0’danq33_1’

Then the solution with remaining parameters are:

1 1 _ (23)
P, :E- P, :E’ Ps =1,
a—la—ia—la—l (24)
1—6’ 2—3’ 3—3’ 4—6-
The values of parameters are subtituted to equation (13), so we have standard form Runge-Kutta method:

1 (25)

yr+l = yr +6(k1 +2k2 +2k3 + k4)
k, =hf(x.,y,) (26)
1 1 (27)
k, =hf(x, +§h, Y, +§k1) (28)
with (29)

1 1
k, =hf(x +=h, =k
3 (r+2 yr+2 2)

k, =hf(x, +h,y, +k,)

Futhermore, by substituting mathematical model for dengue fever transmission in equation (13) then,
we have an equations:

1 30

xt+1 = xt + g(kl + 2k2 + 2k3 + k4)h ( )

1 G1)

Yes1 =¥t t 6(11 + 2l + 203+ [k

1 32

Ziy1 = Zt + g (ml + Zmz + 2m3 + m4)h ( )

1 33
Wt+1 = Wt + g (nl + 2n2 + 2n3 + n4)h ( )

with

ki = pn(1 — x¢) — ax;z; + 0wy (34)
L = axeze — By (35)
my =y(1—2z)y, — 6z (36)

Ny = YVt — PW 37
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h h h h (38)
ko = i (1= G+ u)) = @ + Ka )z + 11 5) + 0w + 11 5)
h h h (39)
ly = a(xe +ky E)(Zt +my E) -+l E)
h h h (40)
my =y (1= Ge+ m) Oe + hiz) - 60 +mi3)
h h (41)
ny = ya(ye + E) —pwe +ny E)
h h h h 42)
ks = mn (1= e + 2 )) = @t + ko )2 + ma3) + 0w +155)
h h h (43)
lz=a(x +k; E)(Zt +m; E) — B+ 1 E)
h h h (44)
my =y (1= Ge+m ) Ge+ ) = 8+ my3)
h h (45)
ngy = yn(ye + L E) —pwe +n, E)
ky = pp (1 — (x¢ + ksh)) — a(xe + ksh)(z¢ + mgh) + O (W, + n3h) (46)
ly = a(x¢ + k3h)(z¢ + mzh) — B(ye + 13h) 47)
my =y(1 — (2z¢ + m3h)) (¥ + l3h) — 6(z; + m3h) (48)
ny = Ya(Ve + l3h) — o(we + n3h) (49)

The initial value and parameters used in SIRS model for dengue fever transmission shown in table 1:

Table 1.Initial condition used in SIRS model for transmission dengue fever

Initial Value SIRS Model

Variabeland Parameter Value Source
%(0) 7675406 [15]
7675893
487
y(0) 7675893 1]
w(0) 0.000001 [10]
z(0) 0.056 [10]
N 7675893 [15]
Un 0,000046 [10]
a 0,232198 [10]
B 0,328879 [10]
Y 0,375 [10]
Yn 0.328833 [10]
On 0.001 [10]
7} 0.001046 [10]
1) 0,0323 [10]

By using a time interval0 < t < 100 month, with h = 0,01, where initial condition and initial value

in the form of parameter value in table 1, so that we obtained:

1
Xo+1 = Xo + g(kl + Zkz + 2k3 + k4)h

(50)
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1
Yo+r1 =Yo t+ 8(11 + 2L+ 2l + Lk
1
Zo+1 = Zg + g(ml + 2m2 + 2m3 + m4)h

1
Wo+1 = W + g(nl + an + 2n3 + n4)h

7675406
7675893

)

with
k, = 0,000046 (1 7675406
=" 7675893

7675406 0,056 —0,328879
7675893) ’ ’ (

m; = 0,375(1 — 0,056)(

) —0,232198 ( ) 0,056 + (0,001)(0.000001)

l; =0,232198( 2675893

~c7ag3) ~ 0.0323(0,056)

n, = (0.328833)( ) — (0.001046)(0.000001)

7675893
k, = (0,000046) [ 1 (7675406)+ 0.01 0.232198) (22406
2= ) 7675893/ " 173 @, (Cre=re)

0,01 0,01 0,01
+ kq T)(0,056 +m, T) + (0.001)(0.000001 + n, T)
7675406 0

,01 0,01
I, = (0,232198)((7675893)+k1 > )(0,056+m17)— (0,328879)((m)
0,01
th=o)
=(0,375)( 1 (0 056 + 0’01) 487 + 1 001 0,0323)(0,056
mZ _( ) ) ) ml 2 ((7675893) 1 2 ) ( Y )( ’
0,01
+my 5 )
= (0.328833 +1 ke 0.001046)(0.000001 + 0.01
ks, = (0,000046) | 1 (7675406)+ 001 0,232198 7675406
3=, ) 7675893 ) ©, )((7675893)

0,01 0,01 0,01
+ kz T)(0,056 +m, T) + (0001)(0000001 +n, T)
7675406 001\ 001
7675893 T 250 m2—57)

0,01
—(0,328879)(( )+ =)

I; = (0,232198)((

7675893

=(0,375)( 1 (0 056 + 0'01> 187 +1 0.01 0,0323)(0,056
mg _( ) ) ’ m; 2 ((7675893) 2 2 ) ( ) )( )
0,01

>

+m,

ns = (0.328833)((

+1 001 0.001046)(0.000001 + 001
7675893 T2 )~ (@ ). n2 =)

D
(52)

(53)

(54)

(55)
(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)
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7675406 7675406 (66)
k, = (0,000046) 1——<<§g§§§§§>4—k30101)> = (0,232198) (G e55%)
+ k3(0,01))(0,056 + m3(0,01)) + (0.001)(0.000001 + n5(0,01))
7675406 (67)
Ly = (0,232198) (5 z2553) + k3(0,01))(0,056 +m5(0,01))
— (0,328879)(( ) + 15(0,01))

7675893
487 (68)

m, = UL375)(1——(Q056-+1n3(Q01)))((7g7§§§§)+—Q(OJHJ)
— (0,0323)(0,056 + m5(0,01))

n, = (0.328833)(( ) + 15(0,01)) — (0.001046)(0.000001 + 15(0,01)) (69)

7675893

3.3. SIRS model simulation for dengue fever transmission

Based on exiting data and parameters,simulation model was completed with using MAPLE 17. The
initial condition with used to model of this simulation are based on reported by Ministry of Health
Republic Indonesia Makassar city 2017, as shown in table 1 and the result of simulation model are given
by Figure 2 to Figure 5 is below

1.0
0.5
0.8
0.7

0.6

o 2|l} -I-ID 6ID SID IIDD
Figure 2. Prediction of the number of suspected dengue fever transmission

0.14 4

) 20 40 60 50 100
s

Figure 3. Prediction of the number of infected dengue fever transmission
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0.4+

0 20 10 50 20 100
g

Figure 4. Prediction of the number of infected vectors dengue fever transmission
0.9
0.8+
0.7
0.6

w 0.5

0.4

o 20 40 60 30 100
r

Figure 5. Prediction of the number of recovered vectors dengue fever transmission

Figure 2 shown that the number of initial value suspect is 0,9999365 and capable to make a description
about the next suspect number, and which suspects reaches the minimum on the month 60-th (5 years),
this cause of the number of host population that switch status become infected and also at the same time
the number of host population recovers, but must be remembered that those population still have the
chance to get infected again.

The result of the SIRS model in Figure 3 shown that the number of dengue fever (DF) cases, in other
words, the number of infected people is 14 to 18 months to reach the highest stage (12% from the human
population) and would decrease to zero in the 45-th months. As for, the number of mosquitoes infected
suitable in Figure 4, only takes time less than 30 months, more precisely the 28-th month to reach the
highest number, i.e approach 60% from the mosquito population for Makassar city takes time 160
months (13 years) to approach zero. Figure 5 shown of a most significant increase in the population
recovering from dengue fever, the positive trend would attain top in the 4 years (50-th month) and
afterward, but this graph would slowly decline because in the SIRS, model the recovered population can
be contracting again. Which could also be seen in the suspected graph, where its graph would slowly
increasing in the 50-th month.

10
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4. Conclusion

By using the 4th order Runge-Kutta would be obtained an illustration the number of suspected, exposed,
infected and recovered in next month and year, the number of increase and decrease of dengue fever
cases in Makassar city. So, the government of makassar city can take precautionary measures so that the
transmission of dengue fever could be solved. The 4th order Runge-Kutta method also shown the rate
of development of the number of infected vectors.
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