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INTRODUCTION

Tuberculosis remains a threat across the globe as a medical problem necessitating a
comprehensive understanding of the intricate mechanisms driving both its spread and
management (Carlos and Baojun, 2014). In the framework of tuberculosis dynamics, this research
explores the intricate connections among treatment approaches, reinfection, and knowledge
dissemination (Bisuta et al., 2018). A detailed analysis of how treatment approaches, overall
comprehension, and the phenomenon of reinfection all influence the course of tuberculosis
transmission must be conducted as we traverse the complexity of this infectious disease (Brian et
al. 2013). By separating this relationship, we want to offer details that will help develop targeted
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and effective methods of reducing the negative effects of tuberculosis on public health (Daniel,
2020, Dauda et al., 2020, Egonmwan et al, 2019). Combining these components not only improves
our knowledge of the dynamics of tuberculosis but also creates the groundwork for new
treatments and approaches to reduce the spread of the disease. Studying how the public’s
awareness of tuberculosis, the effectiveness of various therapies, and the risk of reinfection all
contribute to the infectious disease's tenacity and changes becomes vital as it deals with fresh
issues [Ibrahim et al., 2017). Our study goes beyond conventional frameworks to discover the
small but important aspects that shape the course of tuberculosis transmission. To improve our
theoretical understanding of the complexities of tuberculosis while developing beneficial
consequences for public health interventions by navigating this complex spread and control nexus
(Intan et al, 2020, Khajanchi et al., 2018). The combination of treatment techniques, information,
and dynamics of reinfection creates new opportunities for focused and creative ways of reducing
tuberculosis's detrimental impact on communities around the world. An enormous amount of
research has been done in the past couple of decades to comprehend the complexities of
tuberculosis, including different aspects of its pathogenesis, approaches to treatment, and
treatment protocols (Latifat et al,, 2020). The collaborative effort has been carefully recorded in
various kinds of research papers, textbooks, and scientific publications, to other sources. This
extensive study of tuberculosis has not only enhanced our awareness of the illness but also made
a substantial impact on the progress of diagnostic and treatment approach (Liao, 2023).
Investigations in science involve a wide range of topics, from the growth of new diagnostic and
therapeutic methods to the research of the essential part that immune responses in the host play
in the course of disease (Lakstimikan et al,, 1989). At the same time, drug-resistant strains of
Mycobacterium tuberculosis, the tuberculosis-causing agent, have become prevalent compelling
researchers to examine ways of resistance and potential intervention strategies (LaSalle, 1976).
The combined efforts of the research community have been crucial in helping us comprehend
tuberculosis, providing important insights that go beyond simple theoretical knowledge. Based on
empirical evidence, these insights have led to notable improvements in tuberculosis diagnosis,
treatment, and prevention. Through their adept handling of the intricacies involved in tuberculosis
research, scientists have cleared the path for more efficacious strategies that exhibit the potential
to ameliorate and enhance the impacts of this widespread epidemic (Liu et al., 2020, Mettle et al,
2020). We investigate the significant advances that have resulted from these studies as we explore
the area of tuberculosis research, revealing the novel developments in the field and their
consequences for public health (Omale, et al,, 2019).

This study of tuberculosis dynamics using a powerful numerical tool of homotopy
perturbation method to simulate and reveal important factors affecting the spread of the ailments.
Our findings underlined the intricate interactions that exist between the efficacy of therapy,
knowledge dispersion, and the risk of reinfection (Zhao et al., 2017, Bisuta et al., 2018). Hence we
offered substantial implications for enhancing public health initiatives in the fight against
tuberculosis, as well as unique insights into tailored control measures of adequate knowledge on
its spread and strict adherence on the usage of vaccination.

MATERIALS AND METHODS

Model formulation

A deterministic mathematical model based on the epidemiological status of population of
members that describes the dynamics of tuberculosis transmission. The total population N (t)
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splits into some compartmental classes for a disease-modification as sub-population into
susceptible S (t), exposed E (t), infected I (t), and recovered R (t) individuals. The transmission
probability, rate of disease coefficient and migration/recruitment into the sub-populations that

are vulnerable are measured in terms ofﬂ ,? and A . The respective classes are subjected to
natural death rate #, while exposed individuals have disease-induced mortality rate ¢ and
infected persons have recovery rates 7 The set of individuals that are healed from the disease

class denoted by T can also be re-infected after being exposed at a certain rate O . The model
formulation flow to depict the aforementioned is given by figure 1.

Figure 1: Schematic flow of model description.

d—E= Al (u+e)E
dt 1+al 1)
%=£E—(,u+}/)l—TI+6R
z—T=TI+7I—(,u+5)R

at an initial condition S(t) =s, > 0,E(t) =e, >0, 1(t) =i, > 0,R(t) =r, > 0 over
0<T<1

Analysis of model solution

Positivity and boundedness of model solution

The system (1) describing an epidemic disease in a human population must have nonnegative
parameterst > 0. To ensure mathematical and epidemiological well-being, state variables must be non-
negative. This is achieved when the system starts with non-negative initial conditions.
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Theorem 1:

n
All solutions of system (1) are bounded in the region space R, att>0
Proof:

Consider the total population

N (t) = S(t) + E(t) + I(t) + R(t) (3)

The variation in the total population concerning time is given by:

aN@®) _ i(S(t) + E(t) + I(t) + R(t))

dt dt 4)
Such that
%:A—y(mml +R)= dN(®) <A—uN
Hence, it is obtained that
aN® N <A N(tye” = De“ 4 ¢

dt , leading to H (5)
Firstly,

N(0) = AL e
H , resulting to
c=N@©) -2
H (6)
Hence, by substituting equation 6 into equation 5 and allowing time to increase progressively,
we obtain:

MmN () < Iim[A +[N 0) —A]e“"} _A
t—o0 t—oo ILl /J /,l (7)
N©) = 2> Ny =2 . L . . .
Then #¢  then #¢ . This region is a positively invariant set under the flow

4

defined by equation (2), meaning that no solution trajectory exits through any boundary R, .
4

Therefore, it is sufficient to analyze the model’s dynamics within this domain er . Within this

region, the model is both mathematically and epidemiologically well-posed. This indicates that the

total population and each subpopulation S(), E(®), 1(t),R(t) of the model are bounded and that

the solution is unique. Consequently, the model is suitable for studying real-world systems.
Consequently, considering the compartmental disposition.

w =[(S(t), E(), 1(t), R(t) : N(t)A]
# J it is obtained as;
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as_, _ AL
dt 1+al

ds Pl
E>_ (t)( 1+l +ﬂj

ds Al

5(t) 2_(1+al +”jdt
ds Al

jS(t) Z_I(ual “’Jdt

InS(t)Z—(lflaI +yjt

S(t)> S,/ [ o
Att>0’s(t)>0

In the second compartment,

dE_ pSI
W lrgl  HTEEWD.

‘j'j—'fz—(uw)E(t),

dE

E(t)

% —j M+ g)it
INE(t) > —t(u+ &)
E(t)> ¢t

E(t)> E,/ ') >0
At >0 E(D)>0
Thirdly,

> —(u+¢g)dt

(8)

9)
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%fo—(,u+}/)| -TlI +R

%z—wwmla)

dl
—>—(u+y+T)dt
10 (u+y+T)

dr

1 (t)
Inl >—t(u+y+T)
[(t)> ¢t rsD
1(t)> 1,077 >0
Att>0,|(t)>o

Lastly,

dR
——=Tl+/A - 1R-R
i A—u

‘j'j—f > (u+OR()

> [ (u+y+T)dt

(10)

dR
INR() > —t(x + 5)
R(t)> ¢t

—t(u+

R(t)> Ry ) > 0 (11)

Equation (8) to (11) shows system (1) in the positive quadrant, persisting in the attracting
subset ¥ , which is compact, positively invariant, and influential, with a well-posed,
epidemiologically and mathematically represented solution.

Tuberculosis- Non-Infected Equilibrium State

The equilibrium state representing non-infected individuals with tuberculosis denotes a
system free from Mycobacterium tuberculosis, where the populations of exposed (E), infected (1),

and recovered (R) individuals are all absent.
dN _dE _dI 7dR70
dt

Ot " at ot (12)
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ds 1

=2 A- —15=0

dt 1+al #

dE sl

— = —(u+¢e)E=0

dt 1+al (u+e)

%ZéE—(,u+]/)| -TI+R =0

R_q +A—R—R=0

dt (13)

In the absence of a tuberculosis outbreak, the disease class is expressed as, from equation (12),
A

A— Al 1S =0 S=—

1+al ) R :0.where, H

Thus, the disease-free equilibrium yields:
(S,E, I,R):(S0 :A,EO =0,1,=0,R, :OJ
a (14)
Steady-State Prevalence of Tuberculosis
Highlighting the dynamic nature of tuberculosis prevalence is crucial, especially given its
significant role in outbreaks and population dynamics. To analyze the system at steady state,
consider the set of equations in (1), from which the equilibrium points can be identified as

®=(S",E",I",R"), t>0
o (u+5)E+RNT +7) o (E+RNT +7)B(u+e)l+a)A
T4y u+ofu+y+T) " B-ull+afT +yNu+)fu+y+T)
o LraMp+SNE+RNT+y) o (E+RNT+y)
A= u@+a)T +yNpu+ o uty+T) " (uto)u+y+T) (15)

Basic Reproduction Number

The basic reproduction number, denoted R. , measures the potential for tuberculosis
infections from a single carrier or infected individual in a population with no prior infections. To
determine the system (1), we apply the next-generation method, focusing on the infectious classes
E and 1. This process entails determining the F and V matrices, which represent the rates of new
infections and the transitions into and out of the infected compartments, respectively. From the
equations in the system (1), we derive these matrices as follows. R. = 2G

where G =F >V "and £ isthe spectral radius of the matrix| G~ |

From the system of equations (1), the matrices F and V are obtained as follows:

F = of; (%) V. = ov,(X)
OX; OX;
, (16)

Such that

IS

f=|(+a) V:( (u+6)E J
0 —E+ (u+y+T) 17)

and
then,
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S|
F=|(l+al) V= (+e) 0
0 - (uay+T)
LA
a4 1 —— 0 (,U+7+T) 0
i (e ut+yT) ,u(1+0a,u) 0 & (,u+g)]
LA
R, = 18
uu+e\u+y+T) 49

The leading eigenvalue of the non-invariant is the basic reproduction number of the disease model

Asymptotic Stability of the Disease-Free State

This section analyzes the stability of the tuberculosis disease-free state by evaluating the
influence of the basic reproduction number. When the reproduction number is R* < 1, the disease
declines, and we determine stability using a Jacobian matrix and a characteristic equation.

Theorem 2

The disease-free state of the model is locally asymptotically stable whenever R* < 1 and
unstable if R* > 1.

Proof:

The disease-free equilibrium is determined by deriving the Jacobian matrix of the system in
equation (1) and evaluating it at the disease-free state using the linearization method.

- U 0 SS 0
;|0 ~(u+¢) Jis 0
“lo & —(u+y+T) o

0 0 T+y —(u+9)

iy 0 AB 0

)7,
A
J, =|0 —(,u+g) AB 0
’ H

0 g —(u+y+T) o

0 0 T+y —(u+9) (19)

_ _ [Je, —41|=0
Computing for the eigenvalues, 1
_—(,u+y+T)—/1 )

T4y —(u+6)-1

(a7 +T)= A N (u+6)-2,) =02, =~(u+8) Ay =~{u+y +T Py =~(u+7+T)-(u+2)-1,|A =0
hy=-\u+ely=-p
hy ==y =t ) dy = Hu+y +T) A, =~{p+0)
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The negativity of the invariants in the region of the system of (1) is subjected to be locally
asymptotically stable whenever R* < 1.

Regional Resilience of the Persistent Equilibrium

Theorem 3
The persistent equilibrium of the proposed model is locally asymptotically stable within the region

4
if and unstable otherwise in the region ofer ifand only if R* > 1.

Proof:
Suppose'S=x+S,E=y+E,I=z+I ,R=a+R (20)
Linearizing equation (1), is then obtained as

dx

Pl —2pxz(1+ az)™ — ux + higher order + nonlinear terms...

% =2pxz(1+ az) ™ — (u + £)y + higher order + nonlinear terms...

% =&y + (u+y)z—Tz + S+ higher order + nonlinear terms...

da

T (T +y)z—(u+ o)a+ higher order + nonlinear terms...

Jacobian matrix of the system of (21),
-(2f+a) +p) 0 (2BQ+a)” +p) 0
@BU+a)  +p) —(u+e) (2BU+a)” +p) 0
0 £ —(u+y+T) 0
0 0 T+y) —(u+9)
The resulting eigenvalue of the above matrix is obtained as;
@A+ @) + )= AN (o4 1) = D)= (T 47+ ) =AW=+ )= 24) =0} )
if @ =-(2p0+ @) b =—(s+p),c=—(T +y+p),d=—(5+pu) it’s therefore obtained that
( -ﬂq)(b-ﬂ )e-4)(d-4)=0
A =[(d +8)+(c+b)}t* +[(a+b)(c+d)+ab+cd|i* ~[abe(c +d) +defa-+b)}i* +[ae+ad +bd +ac] + abcde

Hence, the persistent resilience of the model in a region is asymptotically stable.
Global Stability of Disease-Free Equilibrium

(21)

=0

We employing the use of Lyapunov's function approach to establish the global asymptotic
stability of the model for equation (1) at the disease-free equilibrium, utilizing its algorithm over
some constrains to obtain the following set of equations;

Define ¥(t,S,E,1,R)=C,l, +C,l,
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dy . . |
Ezclll +Gl; :Cl[l/i[;sz _(ﬂ+5)|1)+cz<‘9|1_(ﬂ+7+T)]|z"'&)
0

(LT < (ng—Cl(y+e))I1—[C1 Ll ‘Cz(ﬂ+7+T)+5lez

(+a)S,
dy A
mn < C1(C25_C1(ﬂ+5))|1_C2[C1M_Cz(ﬂ+7+T)j|21
C= ! C, = AA ,R<0
(wte) = plu+e)l+a)uty+T)
dw{ % _(u+e)j| ( PN BMutye)
dt “\p(u+e)+a)u+y+T) (u+e)) \ul+a)u+e) pl+a)u+e)u+y+T))"
d7‘P< PAe 1l
dt | p(u+e)l+a)(u+y+T)
d—qu(RU—l)
dt (23)
dv _o
Itis ti tt te that wh tt—)OO, dt Substituting into th del t f
pertinent to note that when a . Substituting into the model system o
dy _
equation (1) reveals that, based on LaSalle’s invariance principle dt © , is globally

asymptotically stable whenever Ro =1

Global stability for endemic equilibrium

Theorem 4

The model system of equation (1) has no periodic orbits.
Proof:

Employing the Dulac’s criterion. Let X=(6.ELR) define the Dulac’s function S
The following system of equation are obtained;

Gd—S:L{A— A —,uS}

dt SI 1+ al

dE i [ psI

cE_ )AL E

dt Sl{l+al (u+e) }

dl i

C—=—1E—(u+»)I =TI +R
0 SI{ (u+7y) }
dR |

a—g{T|+7‘—(ﬂ+5)R} o

from above system of equations results to;

Gd_S_{A_L_ﬁ}
dt SI 1+a SI
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(25)
dR [T +0)R

G i Z _ u
dt [s s s 26)
d(GX)

At t > O orbital resolution of the system of equationsis givenby ~ dt  asobtained below.

s el e o], ot e fou
dt  oS| dt] eE| dt] a1 | dt) oRrR| dt
d(GX)_i{A s ,u}+ 0 { p _(,u+g)E}

dt  oS|SlI 1+a SI| ¢E|l+a Sl

+£{£_M_I+§}+£{I+1_(ﬂ+5)R}
(27)

ol Sl S S SIJ OoRIS S Sl
d(GX)={_(A+ﬂ+ﬂ)}+{_(ﬂ+€)E+ﬁ}

dt S+ ) Sl+a)
+{(u+7)—T +6R}+{_T +7/+(/¢+5)R}
Sl Sl (28)
d(GX) _ (A+,B+y)+(y+g)E+/3_(,u+y)+T +R +T +7+(u+0)R
dt | Sl+a) S(l+a) Sl Sl
d(GX) :_{(A+,3+,U)[(/l+5)+ﬂ+(ﬂ+7)+2T +5+7+(ﬂ+5)]]}<0
dt SI 29)

This implies that the system has no closed orbit. Epidemiologically, non-existence of a
periodic orbitimplies that there are fluctuations in the number of infective, which makes it difficult
in allocation of resources for the control of the disease.

Sensitivity analysis of R*

The main objective is to evaluate the sensitivity of the basic reproduction number by
calculating its derivative with respect to all pertinent parameters. This analysis will lead to the
determination of the normalized forward sensitivity index, referred to as

R_R B 0112060, R = R # 0151427, B 2R A g 6000040
B P R u ou R oA O\ R
R_R 2o R R T 0903010 - R Ty 0306701

0¢ o¢ R oy o R o T R,

(30)

Table 1: Sensitivity analysis of parameters and indices

Parameter Sensitivity indices
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B x day™
a 0.0151427% 43"
A 1.000040% 92Y
& (&7 xday™

4 102030107 93"
T 1.0326701 %98y
“ 0.0212%93y"

The sensitivity analysis of the basic reproduction number R- for tuberculosis indicates
significant insights into the disease's dynamics and control measures. All parameters of R- are
positive in their indices, demonstrating that improved knowledge and treatment of tuberculosis
have a substantial biological and medical impact. Specifically, the analysis reveals that increasing
awareness and accessibility to effective treatment reduces the infection and reinfection rates by
87.27%. This highlights the critical role of education and medical intervention in managing and
curbing the spread of tuberculosis. Furthermore, the sensitivity analysis indicates that a significant
increase in the level of the susceptible population results in a 12.26% drop in the trend of the
infected population. This finding underscores the importance of preventive measures and early
detection, which decrease the pool of individuals susceptible to infection. Public health strategies
focusing on these aspects can therefore significantly reduce the transmission and prevalence of
tuberculosis. Overall, these results emphasize the need for robust public health policies that
enhance treatment knowledge and accessibility, promote early detection, and implement
preventive measures. Such comprehensive approaches are vital for achieving a substantial
reduction in tuberculosis infection rates and advancing towards its eventual eradication.

Numerical simulation using Homotopy perturbation method technique

The Homotopy Perturbation Method effectively illustrates the impact of control parameters
on tuberculosis spread. Using He's algorithm, we analyzed how increased treatment knowledge
reduces tuberculosis transmission. Iterative solutions of Homotopy Perturbation Method
demonstrate that improved treatment awareness significantly decreases the infected population
while increasing the susceptible, exposed, and recovered populations. Varying data inputs show
that better treatment strategies result in a marked reduction in infection rates. This method
highlights the critical role of treatment knowledge in tuberculosis control, proving it to be an
essential factor in reducing the disease's spread. Overall, Homotopy Perturbation Method
provides a robust numerical tool for optimizing tuberculosis management strategies.

A(u)-f(r)=0 revy (31)
Subject to the boundary condition

Where A is a general differential operator, B is a boundary operator, F(r) is a known
analytic function, and I is the boundary of the domain Y . The operator A can, generally
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speaking, be divided into two parts: a linear part L and a nonlinear part N Equation (1)
therefore can be rewritten as follows:

L(r) = Ly (u) + Ny (u) (33)

Where Ly (), Ny (u) represent the linear term, and the nonlinear term of the differential
equation respectively. Thus equation (27) becomes

L. (u)+ Ny (u) = f(r) re¥ (34)

We can construct a Homotopy for (4) so that

H(w, p) = 0= p)[L; () = Ly (uo)]+ pIAM) - F(N]=0 pe[0l],re¥

(35)
Simplifying equation (5) to yield this,
H(w, p) = Ly (t) - Ly (Up) + P[Ls (Ug)]+ PIN; (Uy) - £(r)] =0
(36)
Where pel0l] and Uo denotes the initial approximation. Now, as p—>0
H(w,0) = L; (t) — Ly (u,) =0
And as p— 1,
H(wl)=A®t) - f(r)=0
(37)
And we can express the solution of the differential equation as
W (t) =W, (t) + pW, () + p°W, (1) + pW (1) + ..
(38)

Substituting (31) into (32), and comparing coefficients of equal powers of P the resulting
Wo (). Wy (1), W, (1), W (1)

Such that the approximate solution of the differential equation in (32) is

LMW (£) =W, (£) + W, (6) + W, (£) + W, (0) + ..

equation is solved to obtain the value of

(39)
The algorithm of the model formulation using the Homotopy Perturbation Method in its
simulation is developed as follows;
Table 2: Parameter description and references of the model.

Parameters Descriptions

S(t) Susceptible individuals in the population

E(t) Exposed individuals in the population

I(t) Infected individuals in the population

R(t Parameters

Parameters Susceptible individuals in References
the population

A E(t) Exposed individuals in the [1]
population

I(t) Infected individuals in the [4]

population

& R(t) Recovered individuals in [13]
the population

T Parameters Descriptions Values References |
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y A Recruitment rate 120xdays [1]
7] B Contact rate of susceptible | 0.00124x days | [4]
per unit of time
a £ Induced death 0.0133xdays | [13]
S T Treatment rate 0.0109395xdaysl1]
v Progression rate from 4.1301x107% day$’]
infected to recovered
u Natural death 0.0766169« days [5]
a Transmission coefficient 0.11x days [16]
S Reinfection 0.052 xdays [18]

>_+p(__[ ')

o I+ ol S - 12 (u+e)E]j

- p)—+p(——[gE (u+p) - TI+5R])=O

1- IO)— (— —[Th+ /A — R - 51?])
(40)
The correctional series assumes that the solutions for (1) are such that

n n n n
k k ks k
S(t) = z P Sy 1),E(t) = Z P& ), 1) = Z Pl t),R(®) = Z pr ®,
k=0 k=0 k=0 k=0 (41)
When p approaches 1, this series converges. The following can be obtained by comparing the
coefficients of and by evaluating (40) and (41)
atn=0

dSozo’ o=0’ o=0’ ° _0
dt dt dt dt (42)

Using the original constraints to solve these equations

So(t) =30, Eo(t) =€, Io(t) = iov Ro(t) =T
Using this procedure results in
S1(t) = (A + figS, —ariy — 15y )t
E,(t) = (ﬂioso ——aly —(u+ 5)e0)[
() = (‘590 —(u+7)i,—Ti, _5ro)t
R (t) = (T + )iy — (u+ o)t
(43)
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For N=2
S (0 1t2(053izosO +a’ S, +a’ BigS, —a’ iV, — adiyS, + 2api,S, + apyS, — S, +yzsoj
2\ =7
2 \+2upsy 2V, _IBZSO - P, _ﬂzvo
e () 1t2[052i0230 +adlyS, + 3autiioS, + apyS, — A0S, + 0, +ap’ioso}

2 =77
2 \~affiv, - p'e, - 2,
(44)

i, (t) = —%tz(aioso £ 8%y + 264y + 25, — Gy + 1Py + 24y — P, — 7€, )

1 . . .
r,(t) = —Etz(é'l'l0 — 1oy + 24T, + pliy —pTeo)
Atn=3
2 H 2 24 3 2 2 2 l 2
H7So + 2S5y + B7Sq + 1 Colg =24 STy + B71gSy + 21" gy _55 P50Ty
1 . 1,
S,(t) = €t3 3t%s, + uleokyiy —3p” fsyty + 1,8, — 270k, I, —Egzﬂloro + 242 s,y

+ﬂ2t030 _?’Zﬁsoro +ﬂ2toio _ﬂzﬂ’soro "‘ﬂztoeo - 252ﬁsoro +ﬂ2t030

— ey = 2easyiy — 2R, + p’Syiy + 1 Begiy + BtyS, +3p Ry S, — 38 B, T,
1 . . i
E.(t) = —Et3 2t%, + Brasyi, — 2t° feyr, + £°,S, — 2y eeyiy — 3 BiySo it Byl

+7°t,S, = 77 Bigly — B7t,S, — 12 P,y + BPt,e, + 87tS, 1y + 71,8,

. i 1
- 2t2ﬂeoro + 52t030 - 2}/25e0|0 - 352,5'030ﬂ2,330r0 + ,thoso + 2,sz)feoro _Egzﬂsoro

1 )
Is(t) = Etg ﬂz?’soro + ﬂztoeo - 252ﬂ50r0 - 2/120“30"0 + 7zﬂ|oro + Zﬂzﬂsoro
+1°5,8, + 718, — 20° 5,1 + Bt,S,

1 tzé‘soro +132'[06‘0 _252ﬁ50r0 +132'[030 +ﬂztosoﬂ2toeo _252ﬂ30r0 +ﬂ2t080
R,(t) = Et3 3t°s, + p e08yiy + 71,8, — 27 8yl + &7 Sy + 11 B8,y + 21 s, (46)
+ﬂ2t080 ‘72ﬁ50r0 +ﬂ2t0i0 ‘ﬂz}’soro +ﬂ2t060 + 2oﬁzﬁsoro +ﬂ2t050

Iteration of this is carried out until it is the required numbers of iterations are obtained.
Thus, every variation of the compartment's raw solutions is obtained as

S(t) =Zsk (t),E(t) = Zek (1), 1) =Zik(t), R(t) = Zrk (),

(47)
And evaluating these results using the corresponding model parameters of each class given
by
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{a =0.0017,6 =0.011, £ =0.02, p=0.01150 =0.00116=0.012, B, = 0.0021}

B, =0.0013¢, = 65,5, =500,i, = 23,v, =120,r, =14

that

S(t) =500-30.4320t + 0.721356107%° —0.0386340409t°
E(t) =65+18.178% —-1.17177877%* + 0.041554665Ft°

I(t) =23-0.9060 +0.029250675@t> —0.000844036BO0t°
R(t) =14—-0.015% —0.005054500@0t* +0.000145824542t*

We

obtained

(48)
The approximate values for each class are assessed using their corresponding baseline values

listed in Table 1. Additionally, we propose the following population dataset as initial values given

by

s, =1000,e, =30,i, =20,4, =40

. Thus, we derive the following series of results

incorporating the parameters whose effects on tuberculosis transmission dynamics are to be

examined:

65.2686+1.336200Qx

5(t) =1000+ )
~1362923¢% ~37.68

—-45.62599000

e(t) =30+| +1362924999q2 [t -
~1.336200000x

54.775643345

t

j -0.5381600
+3333.926349
4598509816

—69.38980854

—8.998569418x°
+5499.839928¢*
+152.0510083x°

-0.099708816@« | 2

+5378993811x”
+0.0000493608

-8.99856418x°
+5499.838828*

N +152.0510083¢

—3.28802556%

—5.29299366%

tZ

t2

11.30828286a”
-66.76103861°
-0.00371982988¢”
+4064508576 o*

| +935.981111860°c
+56.12092345

- 5923814565
302.0838612
+3698874452¢°

- 84.74264814a

11.308282860> —80.26339203°

—-1055276927-0.00371982988ac
+4889759557a* +1164.133657a°
-0.7679873978x +1431639314a"

-1.87583858&° +16753176260°
+0.000384108@10-16.31203298~
+3698874452 0 —84.742648140°

—

(49)
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—0.004499284D9¢°
+320.2194878
+2.749919964*
: 1270391180 t2 | +0.0765345416c%  |t°
i(t) = 20—50.40320t —| +0.6816420000:2 |- — t
 0.000668100y —0.0000498540800 « | 6
' +4.4074012764°
+2.46804232-10°°

—0.004212705

(50)
13.49785413a3
—8249.759899 "
250.8099123 +727.7734324
r(t) = 40+ (46.18360+ 37.68)t — +45.9850488 , r | ~22807651250% |10
—2044.386000c” | 2 | +0.1495632240c | 6
+2.004300000« —1056177617c?
+56.12053936
+10.38388802¢

(51
RESULTS AND DISCUSSION
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Figure 2: Adverse effect of treatment rate on that of reinfection on the individuals in the recovered
population.
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Figure 3: Effect of rapid treatment on the exposed individuals in the population
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infected individuals in the population

The result of the simulation have it that fig 2 depicts the impact of treatment rate and
reinfection on the recovered population. The results indicate that disturbances from reinfection
cause a significant drop in the healed population, ranging from 0.3% to 0.12% over time. However,
effective treatment control measures lead to an immediate increase in the recovered population
as time progresses. This highlights the adverse effects of reinfection and underscores the
importance of continuous treatment and monitoring to sustain recovery rates. For fig.3 the
analysis reveals that the disease population is influenced by the incubation period, driven by the
induced and recovery rates. Increased awareness and effective treatment strategies medically
reduce the latency and spread of tuberculosis. This results in a higher sub-population of
susceptible and recovered individuals. The Homotopy Perturbation Method simulation shows that
enhanced treatment awareness is crucial for controlling tuberculosis, as it decreases the latent

period and minimizes transmission. It is from fig 4 which portrays that contact rate B and
transmission coefficient & are critical factors in the spread of tuberculosis. The simulations
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indicate that these can be significantly lowered with increased awareness and implementation of
effective treatment control measures. By promoting treatment knowledge and practices, the
spread of tuberculosis can be effectively curtailed. Health personalities can leverage these findings
to implement strategies that enhance treatment knowledge and reduce tuberculosis spread. This
approach is promising for the eradication of tuberculosis, as it emphasizes the importance of
continuous education and effective treatment protocols.

CONCLUSION

The SEIR model, assessing tuberculosis reinfection alongside a control strategy involving
efficacy and vaccination, indicates potential for substantial tuberculosis reduction. To achieve this,
maintaining the basic reproduction number R- below 1 is critical. Key recommendations include
intensive awareness campaigns, stigmatizing tuberculosis, ensuring free and accessible testing,
and educating on transmission and home care. Discouraging factors like overcrowding, illiteracy,
inadequate medical facilities, and high fertility rates is crucial. Additionally, the provision of
trained personnel and expanded tuberculosis laboratory services is essential for effective disease
management. Implementing these measures offers a comprehensive and informed approach to
minimizing tuberculosis incidence in diverse populations.
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