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Abstract

The paper presents the True Susceptible-Vaccinated-Infected-Recovered (SVIR) model for TB control,
utilizing a novel methodology that incorporates the 6th Order Runge-Kutta method for precise and effective
simulation. The approach focuses on four primary areas: true positive susceptible, true positive vaccination,
true positive infected, and true positive recovered. The model's true positive susceptible component identifies
individuals at risk who have not yet contracted an infection, enabling targeted preventative treatments. Herd
immunity is bolstered by the genuine positive vaccination element, ensuring that effectively immunized
individuals are accurately represented in the model. The component that is truly positive for TB accurately
tracks the disease's spread, providing crucial information for containment strategies. The truly positive
recovered component monitors individuals who have overcome the illness, offering valuable insights into
recovery patterns.
Keywords: True positive susceptible (TPS), True positive vaccinated (TPV), True positive infected (TPI), True

positive Recovered (TPR), Runge Kutta 6™ order, SVIR model.

1. Introduction

According to the World Health Organization
(WHO), 95% of TB infections and 98% of TB
fatalities occur in underdeveloped countries. In
2009, there were 9 million new cases of
tuberculosis (TB) and 3 million TB-related deaths
globally.  Without proper treatment and
management, TB is projected to claim the lives of
35 million individuals over a 20-year period ©!.
Recognizing the problem, the WHO declared TB a
global emergency in 1993 [, Qver the past
decade, tuberculosis (TB) has caused more deaths
than any other microbe, averaging over 1.65
million fatalities annually between 2010 and 2019.
South Sulawesi Health Ministry's data revealed
8,939 major cases of TB in 2011, an increase from
7,783 cases the previous year. Notably, Takalar
Regency saw the highest growth in cases (almost
109%), followed by Pare-Pare (79%), Pinrang
(75%), Makassar (70%), with Luwu (33%) and
Jeneponto (36%) at the lower end. Multiple factors
contribute to the high number of patients,
including poor home environments. The disease
also spreads easily due to the lack of lighting in
homes, with ten people at risk of contracting TB

from a single patient. Risky behaviors contribute
significantly, especially for those with HIV/AIDS,
with an annual harmful behavior contribution of
5-10%, and the prevalence of food malls
exacerbating the situation.

Various researchers have constructed
models of infectious diseases. For instance, a TB-
transmission model was conducted, albeit without
seeking the model's numerical solution. Instead,
the perturbed ascetic method was employed to
find a numerical solution, omitting the use of
Runge-Kutta. Therefore, this research aims to
establish the numerical solution [3 1% 14 19-20, 23-26]
Mathematical modeling provides valuable insights
into epidemic dynamics and aids in their control.
Interest in studying such models has increased
since the 20th century. The mathematical
modeling of infectious diseases has evolved
significantly.

The initial analysis of mathematical modeling
for epidemic spread dates back to 1766 when
Bernoulli proposed the idea of illness. Kermack
and McKendrick suggested a deterministic model
in 1927 known as the Susceptible-Infected-
Recovered (SIR) model, although it lacks additional
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compartments and control techniques such as age
and sex effects, vaccination, therapy, isolation, and
qguarantine. Consequently, numerous researchers

have focused on developing more accurate models
[11-28]

2. Mathematical Model

The transmission of infectious diseases is
quantitatively modeled using the compartmental
SVIR model in epidemiology. This model creates
four compartments within the population:
Susceptible (S), Vaccinated (V), Infectious (I), and
Recovered (R).

The equations presented depict a variation
of the SIR (Susceptible, Infected, and Recovered)
model in epidemiology that accounts for
vaccination. Here is the breakdown of what each
parameter represents:

TP S: Represents susceptible individuals
susceptible to contracting the disease.

TP I: Represents infected individuals who have
contracted the disease and have the potential to
spread it.

TPR: Signifies recovered individuals who have
recuperated from the disease and gained
immunity, or have deceased.

TPV: Signifies vaccinated individuals who have
developed immunity against the disease.

N: Total population, where N=S+1+R + V.

2.1 Stability Analysis

The Jacobian matrix are used to find the stability analysis

The characteristic equation coefficients are
(1, ury+B, Bry+Bu+p-N+u,

Nxpxy-y=B+p, 1]

The values are A1=-2, 1,=-2, As=-1

Therefore, the system is stable.

2.2 The Parameters and initial conditions of the

model

The values are obtained from the reference [ %
N = 8034776 (Total number of population),
p=3.267e3(infection Rate)
y =3.5e**(Recovery rate)

_TPSp
N
0 0
TPSp
—y—u+
YV H N
/4 —H]
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B: The transmission rate of the disease, indicating
how easily the disease spreads from infected
individuals to susceptible ones.

y: The recovery rate, determining how swiftly
infected individuals recuperate and transition to
the recovered class.

p: The natural death/birth rate, signifying the rate
at which individuals perish (and are replenished by
births) in the population.

p: The vaccination rate, indicating the speed at
which susceptible individuals are vaccinated and
move into the vaccinated class.

The equations themselves illustrate the movement
of individuals between these compartments
(Susceptible, Vaccinated, Infected, and Recovered)

over time.

T = 002 _ p(TPS) + u(TPV +
TPR) (1)

df%: p * TPS — p = TPV

()

dTPI _ B(TPS)(TPI)

=~ Yx*TPl
(3)
dT%:Y*TPR—H*TPR

(4)
The initial conditions involved
(0)=TPSo=0, T(0)=TPVo20, TPI(0)=TPIo=0,
(0)=TPRo=0

0=3.1e3(natural mortality rate) t max = 200
dt=0.1

N represents the total population, which is
8,034,776.

p is the infection rate, set at3.267e3

y denotes the recovery rate and is given
as3.5e*

o* is the natural mortality rate, set at3.1e3.

t_max is the maximum time for the model,
set at100,200,300,400.

dt is the time step, set at
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0.1,0.2,0.3,0.4,0.5,0.6,0.7.

TPSo represents the initial susceptible
population, set at 15,073.

TPVo denotes the initial vaccinated
population, established as 6,000.

TPlo indicates the initial infected population,
stated as 7,087.

TPRo represents the initial recovered
population, totaling 3,771.

These parameters and initial conditions

serve as the basis for calculating the true positive
values for each category: susceptible (TPS),
vaccinated (TPV), infected (TPI), and recovered
(TPR).
These true positive values offer an accurate
representation of each category's status
concerning the total population (N) at any given
time step (dt) 9,

3. Methodology

Here, we are employing the 6th-order Runge-
Kutta method with 7 stages. This method is
utilized for computing the aforementioned model,
utilizing the  Runge-Kutta  technique for
calculations.

K1 BRf(yn) BRRYN

K2 BRf( ynBh/3K1 ) BERYn(1BAR/ 3)

K3 BRf( ynl 2h/3K2) BRRYn (1B 2hE / 3(1BAE/ 3))
K,BRf(ynBh/12K1Bh/3K2Bh/12K3)

ERRERREY ,(12AR/128HE/3(1EAE/3)BAE/12 (182
[/3(18hE/3)))
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BEf(yn@25h/48K1B55h/24K2@35h/48K3B15h/8K4)
ERRERRRY (162 5HE)/ 4885500/ 24( 10AR/3)E35A0/48(1
[2hE)/3(16AE/3))E15HE/8(1RAE
/120hE)/3(1BhE/3)BAE/12(1620E/3(18A7/3))))
KG
BIf{y,@3h/20K1B11h/20Ko0h/8K3Bh/ 2K 47h/10Ks)

BB, (123hE/20811hE/20(18hE/3)BhE/8(122hE/3
(18h2/3))BhE/2(18hE/120K0/3(10AE/

3)BhE/12(1B2hE/3(1BhE/3)))BBA/10(1B25hB/48B55hE/2
4(1Bh3/3)835hR/48(1E2hE/

3(1BhEE/3))E15hE/8(18hE/128hE/3(1BAE/3)BAE/12(162
he/3(18h1/3))))

K7
BRf(ys@261h/260K1E33h/13K.043h/156K3[118h/39
KaR32h/195KsR80h/39Ks)

BERRY,(1026 1h0/260033AE/13(1BAE/3)243AE/15(
102hE/3(1BhE/3))-
118hE/39(10hE/120h7/3(10HE/3)
BhE/12(1E2h0/3(1BhR/3)))E328h/195(1E25hE/48E
55hE)/24(10hE/3)RRRPRE3 5 hE/48( 1020/ 3( 1EAE/3)
JRI15hE/8(1BAE/12BAE/3(1BAE/3)EHE/12(102A0E/3(
10h(/3))))280AE/39103AE/2001 1hE/20(1BAE/3)BAE
/8(102hE/3(10hE/3))BhE/2(1BAE/120H0/3(10AR/3)E
hE/12(102hE/3(1EhE/3)))2ER/10(1B25hE/48055hE/
24(1BhE/3)235h0/48(1RE2HE/3(10AR/3))B15hE/8(1
BhE/ 120/ 3(10HE/3)EHE/12(182H0/3(18AE/3))))))

Computing using Python 3.8.16 version,weget

Ks
T dt TPS TPV TPI TPR
100 0.1 892.0622 23091.88 4457.969 402.0853
100 0.2 892.1251 23093.54 4456.398 401.9404
100 0.3 892.2131 23095.85 4454.201 401.7376
100 0.4 892.4504 23102.08 4448.276 401.1927
100 0.5 893.2079 23121.97 4429.364 399.4542
100 0.6 -479786 449457.6 59116.13 56.4787
100 0.7 22373986 -3295858 -1.9E+07 17517.43
200 0.1 884.3652 22889.57 4650.295 419.7694
200 0.2 884.4156 22890.9 4649.034 419.6533
200 0.3 884.4934 22892.94 4647.089 419.4742

284



Journal of Harbin Engineering University Vol 44 No. 11
ISSN: 1006-7043 November 2023
200 0.5 885.2947 22914.02 4627.054 417.6299
200 0.4 884.6787 22897.82 4642.455 419.0477
200 0.6 1.16E+08 7405887 -1.2E+08 -38815.5
300 0.1 878.1672 22726.41 4805.363 434.0553
300 0.2 878.2069 22727.46 4804.371 433.9638
300 03 878.2573 22728.79 4803.109 433.8475
300 0.4 878.4157 22732.96 4799.144 433.482
300 0.5 878.9073 22745.91 4786.838 432.3477
300 0.6 1.16E+08 7405887 -1.2E+08 -38815.5
400 0.1 873.2577 22597.02 4928.323 445.3967
400 0.2 880.6935 22792.94 4742.136 428.2281
400 03 885.7029 22924.76 4616.848 416.6905
400 0.4 873.4516 22602.14 4923.465 444.9484
400 0.5 873.8381 22612.33 4913.782 444.0548
400 0.6 1.16E+08 7405887 -1.2E+08 -38815.5

Tablel: TPS,TPV,TPI,TPR values for tuberculosis using Runge Kutta sixth order method

Al Trug Positive model simulation wsing Runge-Kutta-Fehlberg method
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Figure 1: All True Positive Value t =100, dt=0.1

The immunization starts at a high point and
gradually declines. In an epidemiological model,
this
population that diminishes as individuals either
infected. As
progresses, the numbers of the Recovered and the

trend could symbolize a susceptible

become immune or get time

Infected elevate from their initial low points. In the
same scenario, these could represent an immune

or recovered population (R) and an infected
population (l). The count of affected individuals
increases as more people acquire the disease, and
then diminishes as more individuals recover or
succumb. As individuals recover from the virus, the
population of those who have recovered gradually
grows.
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Figure 2: All True Positive Value t =300, dt = 0.5

The vaccination rate begins at a high level and
gradually decreases. In an epidemiological model,
this trend might represent a susceptible
population that diminishes as individuals either
become immune or get infected.

Starting with low figures, the count of infected and
susceptible individuals gradually rises. In the same

scenario, these could be interpreted as an immune
or recovered population (R) and an infected
population (l). The number of affected individuals
increases as more people contract the disease,
then decreases as more individuals recover or pass
away. As individuals recover from the virus, the
count of the recovered population grows.

All True Positive model simulation using Runge-Kutta-Fehiberg method
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Figure3: All True Positive Value t = 100, dt = 0.6

Over time, the value of the susceptible group
gradually decreases from its initial high level. In an
epidemiological model, this decline could
represent a susceptible population that diminishes
as more people become infected.

As time progresses, the number of Vaccinated and
Infected individuals gradually increases from their
initial low levels. In the same context, these

numbers might signify an immune population and
an infected population (I). The count of affected
individuals rises as more people contract the
disease, then diminishes as more people recover
or pass away. As individuals recover from the
virus, the population of those who have recovered
grows.
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Lot All True Positive model simulation using Runge-Kutta-Fehiberg method
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Figure 4: All True Positive Value t = 400, dt = 0.6

Starting around 1.5 e®?, the susceptible population
swiftly climbs to approximately 3 e at roughly 12
on the x-axis. This may indicate a rapid expansion
of the population.

On the x-axis, the infection rate initiates at about -
2 e%2and quickly plummets to roughly -3e®? around
12. This could indicate a sharp decline in the
population.

The Recovered count begins at approximately O
and remains stable until around 10 on the x-axis.
Subsequently, it rapidly accelerates to
approximately 2 e®? at about 12 on the x-axis. This
pattern might be an example of a population that
stabilizes for a while before experiencing rapid

growth.

4. Numerical Results and Discussion

The results presented in Tables 1 display a
treatment administered over a four-week period,
accounting for 100 hours per week. In this context,
't' represents specific time points, namely t = 100,
200, 300, and 400, the
consecutive weeks from the first to the fourth

corresponding to
week of treatment, respectively. The time step (dt)
used in this study ranges from 0.1 to 0.7 days,
each value representing a day within the seven-
day period of a week. The model employed for this
analysis is the All Positive Vaccinated Model,
utilizing the 6th order Runge-Kutta method for
computations.

Our findings indicate that when t = 100, the

0.7),
revealing the number of recovered individuals.

treatment concludes after 7 days (dt =

Similarly, when t = 200 (end of the second week),
the treatment also concludes after 7 days
(dt = 0.7). Finally, for t = 300 and 400, the
treatment concludes in 6 days (dt = 0.6). Notably,
we observed an increase in the number of
recoveries by the sixth day itself during these

weeks.

5. Conclusion

The 'All True Positive Vaccinated Model' for
tuberculosis, using the 6th order Runge-Kutta
method, has consistently demonstrated accurate
predictions for post-vaccination recovery times. Our
results consistently indicate a recovery period of 7
days across multiple time intervals (t = 100, 200,
300, and 400). This

emphasizes the potential of our model as a robust

reliability in predictions
tool for understanding the dynamics of tuberculosis

recovery after vaccination. Furthermore, these
findings could be pivotal in shaping future strategies

for disease control and prevention.
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