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ABSTRACT

The study provides stability assessment both locally and globally and analyzes how the
fundamental reproduction number impacts the spread of disease. The tuberculosis control
through awareness, early detection, and treatment improves cure rates and reduces transmission.
Sensitivity analysis of the parameters of basic reproduction number reveals critical to
tuberculosis dynamics. By using the homotopy perturbation method in a novel way, the research
integrates rigorous mathematical analyses with numerical simulations to provide a deep
understanding of the intricate interactions between treatment techniques, knowledge distribution,
and reinfection dynamics in tuberculosis. The result shows that treatment through vaccination
combined with early detection and patient monitoring, improves cure rates and reduces
transmission, highlighting the need for focus, and efficient control methods in the global
eradication of tuberculosis

Keywords/phrases: Tuberculosis, Reinfection Treatment, Basic reproduction number, Stability
analysis, Homotopy Perturbation Method

Introduction 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

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

details that will help develop targeted and
effective methods of reducing the negative
effects of tuberculosis on public health (Daniel,
2020; Dauda et al, 2020; Egonmwan and
Okuanghae, 2019). Combining these
components not only improves our knowledge of
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the dynamics of tuberculosis but also creates the
groundwork for new treatments and approaches to
reduce the spread of the disease. Studying how the
general 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
(Itant 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

512

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.

2. Materials and method
2.1. Model formulation

A deterministic mathematical model based on the
epidemiological status of the population of
members that describes the dynamics of
tuberculosis transmission. The total population N (t)
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 of 8, @ and A.
The respective classes are subjected to natural death
rateu, while exposed individuals have disease-
induced mortality rate € and infected persons have
recovery ratesy.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 6.

ADEBAYO et al. (2024)
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The model formulation flow to depict the

aforementioned is given by Fig. 1.

a5
1+ ad)

bl

Fig 1: Schematic flow of model description.

B _ b5 S ]

dt 1+al

dE _ BSI

dat  1+al (u+e)E 1
A eE—(u+y)[ —TI+6R

dat
S =TI+yl—(u+6)R
at an initial condition S(t) = sy > 0,E(t) = ¢y >

Analysis of model solution

3. 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.

Theorem 1:

All solutions of system (1) are bounded in the region
spaceR; .at t > 0.

Proof:
Consider the total population

513

N(@)=S({)+E@®) +I(t) +R({®) ()
The variation in the total population concerning
time is given by:

LO=2(SO +E® +1(0) +R®) (@)

Such that

N _ g ysrEr14R) DO < p
a CATHSTERIAR) S =g s Au

Hence, it is obtained that
%ﬁt) + uN < A, leading toN (t)e#t = ’ie‘“ +c (5)
Firstly,

N(0) = ﬁ + ce™#(, resulting to ¢ = N(0) —/;1 (6)
Thus, substituting (6) into (5) as time progressively
increases yields:

LimN(6) < lim [2 + (N(0) = 2) e =2 (7)

Then N(O)sﬁ thenN(t)Sﬁ. This is a positive

invariant set under the flow described by (2) so that
no solution path leaves through any boundaryRi.
Hence, it is sufficient to consider the dynamics of
the model in the domain®Rs. In this region, the
model can be considered has be mathematically and
epidemiologically well-posed. This shows that the
total population and the  subpopulation
S(),E(t),I1(t), R(t) of the model are bounded and
is a unique solution. Hence, its applicability to
studying physical systems is feasible.

Consequently,
disposition.

considering the compartmental

w = ((S(0),E(), 1(t), R(t): N (1) ﬁ) it is obtained as;

ds pSI__
a T 1lra M
dS> St Bl N )
dt = ()(1+a1 K
@ . ( AL, )dt
s~ Uva

f%z_f(lf—lal

InS(t) 2—( Al +,u>t

a1 1+ al
() = Syr-Gra)t > o ®)

Att > 0,S(t) > 0

+u)dt
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In the second compartment,

dE_ BSI E
E_1+a1_(ﬂ+£) (),
PR G OF
m_ —(u+¢e)dt

fE(t)_ f(u+e)dt
InE(t) = —t(u+¢)

E(t) = ¢~ wrort

E(t) = Ejt™t ¥ > 0 (9)

Att > 0,E(t) > 0

Thirdly,
dl
—=¢E—-(u+y)[-TI+ R
dt
7=ty +DIO
m_ —(u+y+Tdt

dl
fl(t) = f(u+y+T)dt
Inl 2—-t(u+y+T)
1) > - tuty+T)

I(t) =2 I, > 0 (10)

Att > 0,I(t) > 0

Lastly,
S =TI+yl—uR - 6R

dR> R
a2 > 0 ORO

[t s

InR(t) = —t(u+6)

R(t) = 1+

R(t) = Ry ™tW+9 > ¢ (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.

3. 1. Tuberculosis- Non-Infected Equilibrium
State
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The equilibrium state of non-infected individuals
with tuberculosis signifies a system devoid of
Mycobacterium  tuberculosis, encompassing
individuals categorized as infected (1), exposed (E),
and recovered (R)/ = E =R = 0.

dN _ dE _ dl _ dR

a0 (12)
s BsI s
Bt

@1 WFTOESDO
%zeE—(,u+y)I—TI+6R=O
B TI+yI—puR—6R=0 (13)

dt

At no outbreak of tuberculosis, the class of the
disease is subjected ast = 0, from (12),
BsI

A—EL s =0,R =0 where,s =2
1+al u

Thus, the disease-free equilibrium yields:
(S,E,L,R) = (So = ﬁ,Eo =0,Ip = 0,R, = 0) (14)

3. 2. Steady-State Prevalence of Tuberculosis

Emphasizing the dynamic nature of tuberculosis
prevalence, particularly its pivotal role in outbreaks
and population is essential. When assessing the
system at a steady state. Consider the set equations
in (1), where the equilibrium points can be
identifiedas @ = (S*,E*,I',R*)art >0

_ (p+)(EE+SR)(T +vy)

T+ +Hu+y+T7T)
_ (EE+SR(T +y)Bu+e)(1+a)l
B—u(l+a)(T+y)(u+&)u+y+T)
. _ 1+aA(u+6)(eE+SR)(T+y) * _
T BI-p(+a)(THy) (S (uty+r)
(€E+6R)(T+y) (15)
(u+8)(u+y+T)

*

3. 3. Basic Reproduction Number

The basic reproduction number, denotedR,,
measures the potential for tuberculosis infections
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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 I.
This involves calculating the F and V matrices,
representing the rates of new infections and
transitions into and out of the infected compartment,
respectively. From the equations in the system (1),
we derive these matrices as follows. R, = pG
where G = F x V~1and pis the spectral radius of
the matrix|G — AI|.

From the system of equation (1) it is obtained for
matrix FandV:

_ (0fixd) y, _ (Ovikxd)
Fi_( 6xj )’[/I'_( an )

Such that

(16)

BS
I e _ (u+oE
f= <(1+a) )andv B (—eE +u+y+ T)I) (17)

0
then,
BSI

S 0
F = ((1 + OII)Z)V = ((#_-:-S) (,Ll +y+ T))
0

Fy—1=

1 ﬁ 0 ((u +y+T) 0 )
(u+&) (u+y+T) 0 0 £ (u+¢e

- p4 18
_Mu+@m+y+T“ )

*

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

3. 4. Asymptotic Stability of the Disease-Free
State

This section examines the stability of the disease-
free state for tuberculosis by analyzing the basic
reproduction  number's impact. When the
reproduction number isR, <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.
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Proof:

The disease-free equilibrium is obtained as the
Jacobian matrix of the system of (1) is obtained and
evaluated at the disease state using the linearization
method

—u0BS0

0— (u+¢)BSo
Oce—(u+y+T)S
00T +y — (u+ &)
—MO%?O

Jeo =

0—@+@%0
Oe—(u+y+T)o
00T +y — (u+96)

(19)

Computing for the eigenvalues, |Jz, — A;I| =0
_r{u+y+73—16
ey -+ o) -2
U+ +D) =2~ +8) = A) = 0,4,
= —(,l,l + 5)113
=—(u+y+T);
=—(u+y+T)—(u+e)
—,]Al=0
lp=—(p+e)A =—pu
ch =l =—(p+e) s =—(@+y+T) A4
=—(u+9)
The negativity of the invariants in the region of the
system of (1) is subjected to be locally
asymptotically stable wheneverR, < 1.

3. 5. Regional Resilience of the Persistent
Equilibrium

Theorem 3

The regional resilience of the persistent equilibrium
of the proposed model is locally asymptotically
stable if and unstable otherwise in the region ofR%
if and only ifR, > 1.

Proof:

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

dd—t =—=2Bxz(1+ otz)’1 — ux + higher order + nonlinear terms...

Z—}: = 2Bxz(1 + az)™* — (1 + €)y + higher order + nonlinear terms..

% =¢ey+ (u+y)z—Tz+ 6a + higher order + nonlinear terms...

|
jleay
)

dd_? = (T +y)z— (u+ 8)a+ higher order + nonlinear terms...

Jacobian matrix of the system of
-@pA+a)™ + ) 0 @pA+a)™ +p) 0
R+ 4+ —(ut+e) A+ +u) 0

0 £ —(u+y+T) 0
0 0 T+y) —(u+9)

1),

=0

The resulting eigenvalue of the above matrix is obtained as;
B+ )™ + W) = A)(=(e + 1) = A)(~(T +y + ) —
(=6 +w) - 2) =0} (22)

If a=-2BQ+a) Lb=—(e+p),c=—(T+y+up),d=
—(6 + p) it’s therefore obtained that
(@=2)(b—=2)(c=23)(d—=2,)=0

M—[d+e)+ (c+b)r*+[(a+b)(c+d)+ab+

cd]A® = [abc(c + d) + de(a + b)]A? + [ae + ad + bd +

ac] + abcde

Hence, the persistent resilience of the model in a region is
asymptotically stable.

3. 6. Global Stability of Disease-Free Equilibrium

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,I,R) = C,I; + C,1,

v Sol
=Gl Gt =G (e e
+C(ely — (u+vy +T)], +6R)
— < (Ce-C(u+ )L,
( (157")5 Cz(u+y+T)+6R)12
dv
I < C1(62£ - C(u+ e))l1
_cz<c % Cz(u+y+T)>121
=, = p R=
Pt uur o0+ )ty +1)T T

d_‘1’<( £ _(u+e)>1 3
dt “\pu+ A+ )@u+y+T) (u+e))™
( BA _ BA(u+y+T) )
pl+a)(u+e) pd+a)u+e)u+y+T)

d‘}’< £ s
ﬁ_(,u(,u+e)(1+a)(u+y+T)_ )

L <R -1 (23)
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It is pertinent to note that when at T —> 00, dw <0.
Substituting into the model system of equation (1) reveals
that, based on LaSalle’s invariance principle‘z—f =0, is

globally asymptotically stable whenever Ry > 1
3. 7 Global stability for endemic equilibrium
Theorem 4

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

Proof:

X =
The

Employing the Dulac’s criterion. Let
(S,E, 1, R) define the Dulac’s function G = %
following system of equation are obtained,;

s _ i, BSI
GE_ SI{A 1+al yS}

dE _ BsI

dt T osi {1+a1 ( + S)E} (24)
G5 =< {eE — (u+y)I =TI + 6R}

drR _ i
GE—E{TI+]/I—(M+6)R}

from above system of equations results to;

G as _ {A B u}
dt SI 1+a SI

GdE _{ B (,u+s)E}
dt U+a SI
al _ (eéE _ (u+y) T  6R

6= {51 s st 51} (25)
dR _ (T |y _ (u+8)R

GE_{S s SI } (26)

At t > 0 orbital resolution of the system of
equations is given by ) as obtained below.

aGx) 0 {GdS} d {G dE} d {G dl}
dt ~asU de) ol dt) a1l dt
+6{GdR}
oR " dt

d(GX)_a{A B ,u}

dt ~aSISI 1+a SI
+8{/>’ (#+€)E}
El+a SI
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d (eE  (u+y) T ., 6R 9 (T (u+&)R
A R Rl R i
(27)
d(GX) _{_(A+[)’+,u)}+{_(,u+e)E+ﬁ}
dc S +a) S(1+a)
+ {(u+y)S—IT+6R} + {_ T+y+§;11+8)R} (28)
d(GX) _{(A +B+u) (u+eE+p
ac S(1+a) S(1+a)

(u+vy)+T+6R

SI
+T+y+(u+6)R}
S

a6x) _ _{(A+B+#)[(#+6)+B+(ﬂ+y)+2T+6+y+(u+6)]]

dt s
(29)

}<o

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

3. 8. 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

x &= 00151427, B = B 2
R. E) aa "R,

m _om B _ o,
% = 28 X = 0.0112060, "

__0R,
"
= 1.0000040
%:%x%: 1e*3,‘2—';‘=1—’:x:—.= 1.0203010,%=%x£
L= 1.0326701 .
Table 1: Sensitivity analysis of parameters and

indices

30)

Parameter Sensitivity indices
0.0112060 x day?!
0.0151427%x day !
1.000040x day ™!
le ! X day™?
1.0203010x day 1!
1.0326701% day !

0.0212x day~!

QRINR™™E™®
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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.

3. 9. 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,

ADEBAYO et al. (2024)
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Homotopy Perturbation Method provides a robust

numerical tool for optimizing tuberculosis
management strategies.

Aw) —f(r)=0 rev¥ (31)
Subject to the boundary condition

B(r)=0 er (32

WhereA is a general differential operator, B is a
boundary operator, f(r) is a known analytic
function, and r is the boundary of the domainy’'. The
operator A can, generally speaking, be divided into
two parts: a linear part L and a nonlinear partN.
Equation (1) therefore can be rewritten as follows:

L(r) = Ly(w) + Nr(w) (33)

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

Lr(w)+N:(w)=f(r) re¥ (34)

We can construct a Homotopy for (4) so that

H(w,p) = (1 =p)[Lr(t) — Lr(uo)] + p[A(t) —
f(]=0 pe[0l,re¥ (35
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Where  p €[0,1] and wu,denotes the initial
approximation. Now, asp — 0

Hw,0) = Ly (t) = Ly (up) =0

And asp — 1,
Simplifying equation (5) to yield this,
H(w,p) = Ly (t) — Lr(uo) + P[Lr(up)] +
P[Nr(uo) — f(1)] =0 B6)Hw, 1) =
AW —f() =0

And we can express the solution of the differential
equation as
W(t) = Wo(t) + pW,(8) +
p*W,(t) p*Ws(t)+..

Substituting (31) into (32), and comparing
coefficients of equal powers of Pthe resulting
equation is solved to obtain the value of

Wo (). wy (t), wo(t), ws(2)

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

37)

(38)

(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
1(t) Infected individuals in the population
R(t) Recovered individuals in the population
Parameters Descriptions Values References
A Recruitment rate 120 X days Carlos and Baojun, 2014
A Contact rate of susceptible per 0.00124 X days Daniel, 2020
unit of time
A Induced death 0.0133 x days Lasalle, 1976
A Treatment rate 0.0109395 X days Carlos and Baojun, 2014
Y Progression rate from infected 41301 x 10~ 2days Ibrahim et al., 2017
to recovered
u Natural death 0.0766169 X days Dauda et al., 2020
a Transmission coefficient 0.11 x days Omale et al., 2019
é Reinfection 0.052 X days Bisuta et al., 2018

ADEBAYO et al. (2024)
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-5 +p (G -1a=f-usl) =0 )

p (5 -
A-pE+ (——[“’—<+s>E])—o

1+al
A-p)2+p (S —[eE -+ =TI +6R]) =
A =p)E+p (=TI +yI - uR - 6R]) = 0
The correctional series assumes that the solutions
for (1) are such that S(t) = Xr_, sk (), E(t) =

Tk-op e (), 1(t) = Xi=o P i (6), R(t) =

=0 "1 (D), (41)

When p approaches 1, this series converges. The
following can be obtained by comparing the
coefficients of and by evaluating (40) and (41)

(40)

Atn=20
o _ g %o _ g Ho _ ’&_0 (42)
dt dt dt

Using the original constraints to solve these
equations Sy (t) = so, Eq(t) = eq, I (t) =
i, Ro(8) =19

Using this procedure results in

S1(t) = (A + Bigso — aip — psp)t
Ei(t) = (Bigso — —aip — (1 + €)eg)t

I (t) = (e — (u + ¥)ip — Tip — 81p)t
Ry(t) = (T +v)ip— (u+6m)t  (43)

For n=2
adi?ysy + alpiosy + a?Bigse — a?Bigvy
1 —adiySy + 2apigsy + apys, — afyS,
Sz(f)itz +u?sy + 2ufsy — 2uBvy — Bsy —
BBvo — By

(44)

a?iy?sy + adiysy + 3auiose +
apySy — ace;sy + aoy sy +

aBiosy — afigvo —
2
Ueg —2pep

1 aioso + 62’:0 + 26/,{[0 +
i(t) = _Etz 28piy — beg + pi +

2uiy — pey — e2ey

1
e (t) = —t?

1 8Tiy — p?ry +
rZ(t)z_Etz(z Tiy 1 p2ig ~ )
uTiy + piy — pTeg

Atn=3

S3(t) =~

1 3

() ==

?sg + 2uBsolo + BZse +
1Peqiy — 2p* STy +
B?tose + 2uaeyry —

1
552,8507‘0 3t%sy +

uleaeyiy — 3uPfsery +
£2tysy — 2A4%aeyry —

1
Egzﬁioro + ZMZBSOT‘O +

B*tosy — v2Bsoro +
Btolo — 1*ysery +
Btoe, — 26%Bs,1y +
B*toso

—utey — 2easyiy
—t28ey + u?syio +
12 Begiy + BPtoso +

3u?Seysy — 32Bsy1,
2t%ey + BPasyiy —
2t%Bery + £2tysy —

2y2eeyiy — 3e2Biysou®

BsoTo + ¥?toSo —
Y?Bioro — B?toSo —
1?Bsoio + B toeo +

8%tsgry + £%tySo

—2t%Beyry + £2tySy —
2y2eeyiy — 38%Biys,
12 Bsery + B3toso +
2utaeyry — %52,8507"0
1?ysory + B2toeqg —

2682Bso1y — 2ulaeyry +
Y?Bigro + 2u*Bsory
+t2sgeq + B2toey —

26%Bsro + f2teS,
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t28sq1o + f2toey —
282%Bsoro + B2tyse +
B*tosoB?toeg — 28%Bsoro +
B?tyS03t2sy + uleaeyio +
R (t) = %tg e2tySg — 2y2eegip + €2Bigse +

12 Bsoro + 2% Bsoro +
Y2Bsoro + B?tolo — u*ySoro +
B?toeq + Btoeq + 282 Bsory
+B%toS0BtoSo

Iteration of this is carried out until it is the
required number of iterations are obtained.
Thus, every variation of the compartment's raw
solutions is obtained as We obtained that
S(t) = Tizo sk @), E(t) = Ti—oe(t), 1)
=Xi=0 (), R(t) = Zi=o 1 (1), (47)

And evaluating these results using the
corresponding model parameters of each class given

by:

520
( a=0.0017,6 = 0.011,u \
=0.02,p =0.0115,0 = 0.0011,6
=0.012,4; = 0.0021, L
L B, = 0.0013,e, = 65,5, = 500, i, J
=23,v, = 120,17, = 14
We obtained that
S(t) = 500 — 30.4320t +
0.7213561075t% — 0.03863404097¢3
E(t) = 65+ 18.1785t — 1.171778775t% +
0.04155466537¢3 (48)
I(t) =23 —-0.9060t + 0.02925067500t2
—0.0008440367800¢t3
R(t) = 14 — 0.0155t — 0.005054500000¢t2 +
0.0001458242542¢t3

The approximate results of each class are evaluated
using their respective baseline values in Table 1. We
also suggest the following population data set as

initial values given by So = 1000,€0=30,i =
20,4, = 40. Thus we obtain the following series of
results embedding the parameters whose influence
on the dynamics of tuberculosis transmission are to
be analyzed

11.30828286a>

—8.99856418a2 —66.76103861a3
+5499.838828a* —0.003719829888¢2
54.775643345 +40645.08576a*
65.2686 + 1.3362000c +152.0510083a? |2 | +935.98111186a2¢c |¢
s(¢) = 1000 + (—1362.923a2 —37.68 )H —0.5381600 2 | 4+56.12092345 5 @49

+3333.926349 —5.923814565a
45.98509816 302.0838612
—3.288025569a +36988.74452a

—69.38980854

11.30828286a% — 80.26339203a®

3
+§f§§gggg;gg4 —105.5276927 — 0.003719829888ac™
—45.62599000 +152.0510083¢2 |t2 | T48897.59557a* + 1164.133657a 3
e(t) = 30 + | +1362.924999a |t — | T o T oo oa |7 | —0.7679873978a + 14316393140 | &
—1.336200000a +5376.99381 142 —1.875838588a® + 16753.17626a>
+0.0000493608 +0.000384108040 — 16.31203298«
£ 2920936600 +36988.74452a° — 84.74264814a°
—0.004499284709a3
+320.2194878
1270391180 +2.749919964a42
i(t) = 20 — 50.40320¢ — <+0.681642000a2>5 — | $0.0765345416a £ (50)
0.000668100q /) 2 | —0:00004985440800« | 6
+4.407401276a?
k+2.46804232 1078 )
—0.004212705a

ADEBAYO et al. (2024)



Unraveling the Spread and Control Nexus with Knowledge, Treatment, and Reinfection in Tuberculosis
Dynamics

521
13.49785413a3
/—8249.7598990(4\
250.8099123 | +727.7734324 |
_ [ +45.9850488 e | —228.0765125a2 |t*
r(6) = 40+ (46.18360 +37.68)t —{ )04 386000a? |2 | +0.1495632240a | o (51)
+2.004300000a ~10561.77617a?
+56.12053936
+10.38388802a
4. Results and discussion of iteration
3000
150
| 500
Fig.2: Adverse effect of treatment rate on that of ? i tome (morehic) i e
reinfection on the individuals in the [—— 0=0 —— o=0.005 o=0.005]

recovered population. Fig 4: The effect of treatment rate per contact

and transmission coefficient aa on the
infected individuals in the population

o1 The result of the simulation have it that Fig. 2
500000 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
200000) from 0.3% to 0.12% over time. However, effective
100000 treatment control measures lead to an immediate
increase in the recovered population as time
progresses. This highlights the adverse effects of
«=0.596] 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.

— =0

w=0.298000

Fig 3: Effect of rapid treatment on the exposed
individuals in the population
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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 # and transmission
coefficient «are critical factors in the spread of
tuberculosis. The simulations 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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