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Abstract

Chlamydia as sexually transmitted disease that has major occurrence in sub-
Saharan African where Nigeria is predominant this create a necessity to be
concern about its spread within the nation.The SEScITR model with six
compartments  (Susceptible, Exposed, Screened, Infectious, Treated,
Recovered) of human population was formulated. The parameters in the
model were obtained from literatures and some were assumed. The ordinary
differential equations were obtained using Runge Kutta Fehlberg Method and
analysis of our system of equations was done using Maple 2017. Simulated data
obtained through RStudio were used and our analysis were done using deSolve
package on Rstudio. The formulated model was further analyse to get the
reproduction number which is 0.67. The local and global stability ofSEScITR
modelwas investigated using Jacobian matrix and Lyapunov function
respectively and the results shows that Chlamydia disease free equilibrium is
locally and globally asymptotically since Ro<1 i.e.Ry =0.67. Also, the endemic
state of Chlamydia equilibrium is locally and globally stable when Ro>1.
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INTRODUCTION

Chlamydia is one of the most common Sexually Transmitted Diseases (STD)known all
over the world, Chukukere., Inyama .and Omame (2020). According to Chukwuma (2018)
Chlamydia is a sexually transmitted disease caused by bacteria called Chlamydia and it is

transmitted from infected persons to another through contact via vaginal, anal or oral sex.

Sexually Transmitted Diseases (STDs) are one of the health challenges all over the world.
There is high incidence and prevalence rate of STDs in developing countries as against
developed countries Adebowale,Titiloye, Fagbamigbe and Akinyemi(2013). Moreover,
these diseases are prevalent in Sub-Saharan Africa where Nigeria is domicile. It is observed
that across all the states of Nigeria as a nation, the pandemic is rampart among young
people. One of the cause of pervasiveness of STDs among youth, was exposure to Western
lifestyle which consequentially led to increasing sexual activity among young people Victor.,
Olawale, Gloria, Iche., and Kingsley(2015). According to Ananya Mandal (2014), STDs are
infections that can be transmitted through sexual contact with an infected individual;
however, it is evident that STDs are not only contract through sexual intercourse but also
through blood transfusion, unsterilized sharp objects, mother to infant during pregnancy or
childbirth, and many others. The spread of STD around the world is alarming as observed
by Oluwole, Oyekanmi, Ogunyemi and Osanyin(2020), that over a million people acquired
a sexually infection daily. Moreover, he went on to state that every year, there is an
estimated 357 million new infections with one of the four STIs globally: Chlamydia (131
million), Gonorrhoea (78 million), Syphilis (5.6 million) or Trichomoniasis(143 million)

Chlymadia is one of STDs prevalent in Nigeria, Mawak, DasheAgabiand Panshak(2011)
and observed that young people are more affected with women who started having sex
early. Chlymadia have varied effects ranges from low sperm counts Okoro and Agbonlahor
(2012), infertility in women, ectopic pregnancy, miscarriages Shah, Vaghela. Pandya and
Shah(2022), urithrix, Pelvic Inflammatory diseases(PID) Herzog et. al (2012)etc on its
victims. Mawak, DasheAgabiand Panshak(2011) noted that there are behaviours that put
people at risk of contracting this disease such as the numbers of partners, an age under 25,
years , cervical entropy, concurrent gonococal infections, a history of sexually transmitted
diseases, HIV seropositivity and seroconversion, the duration of prostitution, lack of

condom use and age of onset of sexual activity.
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This disease is often remain silent for a long time especially in females this heighten its
spread and which has been observed to be on the increase in Nigeria Mawak,

DasheAgabiand Panshak(2011)

MATERIALS AND METHODS

Chlamydia is one of public health challenges confronting Nigerians. In order to curb this
problem, there is need to understand the mode of spread of this disease and this is
achieved by developing a model. According to Garnett (2002) mathematical model serves
several purposes in the understanding of Sexually Transmitted Diseases and their control.
Mathematical modeling provides a framework to understand the transmission mechanism
of these diseases and their spread. STDs modeling have enjoyed several approaches since
the first model of infectious diseases was constructed by Kenmack and McKendrick

(1927).
Literature review

Wilson(2004) presented a basic overview of the avenues available for fighting Chlamydia
infection and described mathematical models developed to investigatechumoral immunity,
cell-mediated immunity and within-host dynamics. Masoumeh, Dann,Ashkanand Graeme
(2010) used partial differential equation model that allows spatio-temporal variation in the
biological species. Chukukere, Inyama and Omame (2020) modelled Chlamydia
trachomatis (CT) and Gonorrhea Codynamics, with optimal control analysis to study,
analyze and assess the impact of targeted treatment for each of the diseases on their co-

infection in a population.

Shah, Vaghela. Pandyaand Shah2(2022) proposed a model susceptible-exposed-infected —
recover —susceptible (SEIRS)] among two population groups namely those who contact
Chlamydia by sexual intercourse and those who were infected through unhygienic
environment with five compartments using system of nonlinear ordinary differential

equations
Formulation of a new model

The study formulates a model for the spread of Chlamydia among the people of
reproductive age in Nigeria. With the objectives to determine its equilibrium point, the

reproduction number and test for the stability of the model.
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We present a new model that subdivides total human population at time t into Susceptible
human at time t, (S(t) ), Exposed human at time t, (E(t) ), Screen human for the bacteria at
time t, (Sc(t) ), Infected humans at time t, (I (t)) Treatment of infected humans at time t,

(T(t)), and Recovered at the end of treatment at time t, (R (t)). Hence, we have
N(t) = S+ E()+ Sc(t)+ I()+ T(t)+ R(t)

The definition of the parameters are as stated in the table 1 and the diagrammatic flow is in

fig 1

Figure: Flow diagram of SEScITE model

Table 1 Parameter symbols, descriptions, values and sources used in the model

Parameters | Descriptions values | Source
T Rate of entrance 0.018 | Reference
B1 Rate of transmission from Susceptible 0.4 Adjusted
Reference
B2 Rate of transmission from exposed to screening 0.01 Assumed
Bs Rate of retuning to susceptible when discovered not | 0.02 Assumed
infected
B4 Rate of transmission from screeningto infected 0.02 Assumed
Bs Rate of transmission from infected to treated 0-01 Assumed
Bs Rate of recoveryfrom treated to recovered 0.02 Assumed
T Rate of disease induced death 0.1 Assumed
x Rate of retuning to susceptible 0.5 Assumed
0 Escape rate 0.01 Reference
398 Mikailalsys Journal of Mathematics and Statistics
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The model nonlinear equations are as stated below
S(t) =n — BiSI- uS+ R + B3Sc

E(t) =B:SI - uE - B:E

Sc(t) = EBz - BsSc-BaSc-uSc

I(t) =BaSc - Bsl - uI — I (1)

T'(t) =Bsl -B¢Tr - uTr

R(t) = BeTr - uR -2 R

The Equilibrium Points

The six equations in (1) are non-linear so the existence of equilibrium points can be found

by equating our rate of change with respect to time to zero and solve simultaneously.

Set 8(t) =E’(t) =S’c(t) = I'(t) =T"°(t) =R’(t) =0

However, in finding the Disease free equilibrium point (DFE) all compartment are zero
except S(t)

Then,

™

At
Therefore, the DFE =(" "0, 0,0,0,0)

and the endemic equilibrium are as follows

S=

el + " %4 " == " %4 " " 4+
Ap

E = (p+ B23A+)
B2E Appz

_ (Ba+Ba+p) _ (p+ B2(A+u)iP3+ B4 +u)
Sc = =

B4 5C Aupzps
[= BS—u-1) _ (ut BZ)(B3+ P& +u J(Bs+ pt 1)
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sl ApPIRapRs
T (Be+ ) _ (p+ B2I(B3+ A4 +p J(B5+ p+ t){Bé+y)
_ =

B&TT AuP2R4psEs
R - fpse) _ (p+ B2)(B3+ B4 +p (P54 p+ ti(Pe+ whp+ea)

Calculating The Reproduction ratio Ry

The Reproductive ratio (Ro)is the number of possible infection that can be produced by
single infection in a susceptible population. There are a number of methods to calculate

reproductive ratio but we are adopting next generation matrix Martcheva (2015). Thus,
the infected compartment n=

xi = E(t) =R:SI - uE - B.E

x2 = Sc(t) = EB2- BsSc- BaSc-uSc

x3 = I'(t) =P4Sc - BsI - uI - I

x4 =T(t) =Bsl - BeTr - wTr

split the right hand side of the infected compartment

fi =B:SIvi=-puE-BE=-(u+B)E

£ =0v2 = EB2- B3Sc- BaSc-uSc = ER2- (Bs + B4+ ) Sc
£5=0v3=B4Sc - Bsl -l - L = BaSc -(Bs + p + 1)l

s =0 vy =BsI - BeTr - uTr = BsI - (B + W)Tr

Using the Jacobian rule

(dfl  dfl dfi dft-

dE  dsc  dI 4T
dFz dfz  dfz  dE2

dE  dsc  d1 4T /0 0 (15 0
EELE| 000 o
E =C I T
g g e ogm | |00 00
F= “dE dsc dno  4T¢ = W 0 0 O
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@t @1 @t del

dE dE5C df dT

dvl dul dvl dul

dE d5C df dT

dv3 dv3 dv3 dv3

dE d5C df dT

V= “dE d5C df dT
(w+ B2) 0 0 0
—B2 (B3 + B4 +u) 0 0
0 —E4 (B5+ u+ 1) 0

Then using maple 2017 the inverse is obtained as follows

V! =
e 0 0 0o
Bz 1
B+ BRIEZ + a4 +p) (B2 + B4 +p) 0 0
Baps Ba 1
(B+ B2 (B2 +P4+p)(BS+ p+1) (B2 +B4+p) (B5+ p+1) (B5+ p+1) ¢
F3B4RI B=ps z 1

Mus B (B34 B4+EI(BE+ U+ T)BE L) (B BAUI(BS+ p+T e+ 1) (BS54 peTIBE+N)  (BE+ )

Hence,
K =PV
f B1sE2P4 g1spa B1s 0‘
(p+ B2) (P3+Pa+p)(Ps+ p+1) (P3+Pa+p)(Pe+p+t) (Bs+ pir)
0 0 0 0
0 0 0 0
x 0 0 0 0

and Ro = p(K,) which is the dominant eigen value of K, hence eigen values of Ks gotten

using maple 2017 which is stated below

L I |

0

B1Ehzi4

W (T2 + Twi2 + tuh2 + tuhs +vh253 + th2f4 + w2 + w32 + w2f2 + w24 + wifs + uf2h2 + ui2j4 ++ wh2G5 + whIFS + wh4ls + G2 52FS + G2 54Ab5)
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Thus, the reproduction ratio is the largest of the eigen values and is stated below.

I{O =

B15R2E4

(tuZ + tuh2 + tuf2 + tuf4 +th262 + tH264 + w3 + w2h2 + u2h2 + u2f4 + w2hs + wh2h2 + wh2h4 ++ wh2hs + whabs + wh4hs + f2 6265 + B2 G465

We can simplify the reproduction ratio to be

B1R2pR4
(1+ B2) (B3+B4 +W)(B5+ n+ 1)

1{0 =
Local stability Test of Chlamydia free equilibrium

The Chlamydia free equilibrium of the model equations (1) using basic reproduction

number Ry in the theorem below:

Theorem 1. The stability of equations (1)to be locally asymptotically stable at disease free

™

equﬂibrium(DFE:(l_l_,,O, 0,0,0,0)) if Ro<1 otherwise it is not stable.

Proof

The local stabilityof the disease free equilibrium of the systems of equations (1) will be
analysed using the Jacobian matrix (]) is given by = &= 0, where I is an identity matrix
The Jacobian of equation (1) is

J =

—(A+ 1) 0 0 0 0 0
A —(B2+u) Q a 0 0
0 B2 —(B3+ B4+ 0 0 0
Q Q f4 —(B5+T1+u) 0 0
0 0 0 85 —(B6+ u) 0
Q Q Q a B6 —(a+ u).
1 ¢ 0 0 0 0
o 1 0 0 0 0
0 01 0 0 O
o 0 0 1 0 0
o 0 0 0 1 0
1= 0 0 0 0 0 1
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T — Ell=
—(A+ 1) —F 0 0 0 0 0
p) (B2 4w - 0 0 0 0
0 B2 —(B3+ P4 +u)—F 0 0 0
o i B4 —(B3+t+uw—¢& 0 o
o 0 0 B5 —(B6+ u)—k 0
o i o o Bé —(a + w)— &l

Using maple 2017 the Eigen values are as follows:

-A—pu—§
“P6—pu—¢
B3—p4—u—8
-u—p2-38
—a—pu—§

Bs—u—t—%

Each of the six eigen values have negative real part which implies that Ro<1
Moreover, the trace and determinant respectively are as follows

A—6u—6E—P2—P3—P4—B5—1—P6— 0 <() and

-

(O B B By~ wDBs - - T Do - b~ --E) >0

Which also implies that Ro<1 and therefore indicates that the diseases free equilibrium is

stable
Endemic equilibrium

The endemic equilibrium is the point where a disease persists in a given population for a
certain time. This state depends on the term already defined called Reproduction ratio.(Ro)
when it is greater than Ro>1. We approach this by obtain the Jacobian of equation (1), at

the endemic equilibrium.

Proof
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The local stabilityof the endemic equilibrium of the systems of equations (1) will be
analysed using the Jacobian matrix (J) is given by = gll= 0, where I is an identity matrix

The Jacobian of equation (1) is

] =
(—(A+u) 0 B3 0 0 o
A —(B2 + ) 0 0 0 0
Q B2 —(B3+0B4+u) a 0 0
0 0 B4 —(B5+T+u) 0 0
Q Q Q B5 —(Be+ wu) 0
v 0 0 0 0 B6 —(a+ w).
1 0 0 0 0 0
o 1 0 0 0 0
0 01 0 0 0
o 0 0 1 0 0
o 0 0 0 1 0
‘00 0 0 0 1
I=
7= ZIl=
—(A+ ) —§ 0 B3 0 0 a
A —(B2 +u) —& 0 0 0 0
0 2 —(B3+pd+u)—¢ 0 0 0
0 0 B4 —(B5+T+u) —& 0 0
0 0 0 B5 —(p6+ p)—¢ ]
\ 0 0 0 0 6 —(a+ u) — &

Expanding the first and last column we can see that the characteristics equation have two

roots
G =M= -o-

The remaining roots are solution to the equation

—(B2+u)-¢ 0 0 0
B2 —(B3+p4+u)—¢& 0 0
0 p4 —(B5+T1+u)—¢ 0
0 0 B3 —(Be+ w) —&l
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Using maple 2017 the remaining eigen values are as follows
“B6—u—¢
-3 — B4~ —¢
-u—p2-38
Bt

The determinant is as follows

(~u—P2—-8&)(B3+Ps+u+&)(B5+u+1+8E)(B6+u+E)

Our approach is having expandedthese equations we can show that it has real parts we will

do this by applying the Routh—Hurwitz criterion.

Theorem 2 (Routh—Hurwitz Criteria). Consider the nth-degree polynomial withreal constant
coefficients

PO\ = A+ a\"! + = + ah + an
which states that all the roots of a polynomial will have negative real parts if and only if all
the coefficients a7 are positive. The constant term az gives the reproduction number, the
Routh

Hurwitz Conditions 1s as stated below:

1. Trace J<0

2. Determinant >0

The trace of matrix above is

“4pu—PB2—4E—P3—P4—P5—1—P6 <

And the determinant

(~u—=PB2—8) (B+PI+u+&) (BS+u+1+8) (B6+u+E) >0
Expanding the determinant we have

1€ + 31fu + €8P, +i8Bs +1€ By + 38 +218ufs + 218U + 2tEufs +21Eufs + tEBSs + tEBpy
+ PP + WBsfs + 1Pufs + w’ + qifo+ qi'fs + wlhu + qifs Yrufops + qupops tupops +
wifs + bifs + Poffs + PoPufs + &+ 48 FEP+ EPs + EPu+ Efs + EPs 681" +38p po
+3Zu B5 +38u i +3Eu B +38u Bs + EPBs+ELaPs +ELofs +EBofs + EPifs + EPifs +EPPs
Efs + EBsfs + 4G + 3GLBr +3GLPs +3Gu By +3G0 Ps 3G Bs +28up2 Pr +28uB: fut 282
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Bs T28uB2 Bs +28ups Bs +28uBs s +25uPs 5 +28ups B +28uBs Bs +EP2 5 BrtEBe Bs fitiB:
Bibs+EBz Pufs+B2 BsBst+EPs fsfs +&s s’ 1 Potpd’ B 1 B+’ Bs 1 Potp foril’ o
0 Bofis 8 Bofs Fui¥ BaBstil’ BsPs Fui’ BsBs T Pubs 1 fus T’ fofstup B fstube B Bstupe
BiBst1af2 Bos 1z BsBs 14 BsBs +ups BsPs+Pz B BsPa+pz BaBsbs

=0
This leads to the following qubic equation in ¢
P = Etanl + ¥ + s + a = 0,

a =ttdu +p+ G5+ Bt fs + Bs

0 =3 + 1o +1fs +afs +0u7 +3p fr +3u fr +3u fr +3u Bs +3u Bs + Bostpop +BaPs 5o +
Pobs + Bobs +Pups +Bufis + Bsps

0y =300 +20fs +21fs + 20y +204fs + Py + By + Bofs + Bofs + Bt 4’ + 3P,
38, 3By + A IBs +2uf B +2uBe P+ 2ufe s +2uBe B +2uBs B +2ufs Ps +2ups
+2ups s +2uBs Bs B2 Bs fs B2 B3 Ptz Pt B2 Bibst o BsBet s Bifs +Ps B

=’ Al Byl B ) Batpd s Pt Bt Bofs i’ o ua o fofatus o
Bobs 1 ifs F1® Bus it Pspstue Bs Bstufe B3 Bstuf Pufstube Bibst e Bspstufs BsBs b
BipstPe s BsBstfz BifsBs + q” + qi'fe + qifs + quifu + qifs tufops + qpafs +aufafs +
wlsps + wupyfs + 1BopsPs + wWobafsrufofs + qufafs taupafs + s+ wupyfs + 1Bpsps + 1afups
The sufficient condition for the roots of the polynomial P(€) to be negative or have

negative real part is that all coefficients be strictly positive. Therefore, since a:>0, a,>0, a3

>0, 2,>0 and implies that the Eigen values have negative real parts.

Thus, we conclude that Chlamydia endemic equilibrium is asymptotical stable

Global stability Test of Chlamydia Disease free equilibrium

The global stability analysis of Chlamydia Disease free equilibrium will be carried out using
Lyapunov function. Lyapunov functions are scalar functions that may be used to prove the

global stability of an equilibrium.

Theorem 3: if a functionL(t) is globally positively definite and radically unbounded and its
time derivative globally negativel (1)<0 for al t # t* then the equilibrium t* is globally

stable
Proof;

Let’s consider Lyapunov functions defined as follow;
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Li(t) = S(t)+ E(t)+ Sc()+ I(H)+ T(t)+ R(t) =0 at DFE
Differentiating the above, we have

L) =S+ E )+ S+ L)+ T )+ R(Y)
Substituting, we have

L,(t)=7't - 5181— },LS"F OCR + §3Sc + §1SI —ME - SzE + Eﬁz - §3Sc— §4SC —},LSC + 54 Sc - @51 - },LI —
’EI +§5I - BGTT - },LTT + ﬁ()TT - },LR -d R

= n-uS - puE -uSc - pl — <l - T - uR
= n- WS+ E + Sc + Tt + R) —(u+ 7)1
(<0

Therefore, by Lyapunov theorem the disease-free equilibrium is globally asymptotically

stable.

Global stability Test of Chlamydia endemic equilibrium

The endemic equilibrium is unique globally stable whenever it exists where Ro>1but
unstable otherwise. The model solution will be analysed in the interior of the feasible
region 1., which will converge at endemic equilibrium whenever Ro>1. The chlamydia

bacteria will spread out and continue in the population.

Theorem 4 The endemic equilibrium point is globally asymptomatically stable in the

feasible region 1.

Proof

Consider the Lyapunov function defined as follows

Lo(® = ¥ [(S() — $%) + (E(®) ~E¥) + (Sc(9) - $*c ) +{U(0) - F)+(I() - T#) +R() -RH]’
Thus, differentiating the function above we have,

L@ =[S® - §% + (E@) -E*) + (Sc®) - S*c¢ ) +d(®) — T - TF +R@O -
RHSO+E )+ Sc(t) + I(t) + T(t) +R(1)]

= [(S() — $%) + (E() —E#) + (Sc(t) - S ) +{A(0) — FH+(T0) - T# +R() -RH)][n- u(S. E +
Sc + Tr + R) ~(u+ )]

Then putting © =pS* u E* + p S*¢ + ul* + u T*r + uR*)
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=[6® = 5% + (E®) —E*) + (Sc(t) - S*c) 1O — IH+(T®) - T +R(H —RH][- n(S©) -
S* + (E@® -E* + (Sct) - S*¢ ) +dA®) - IH+T@® - TF +@R(E®) -RHI
=[- n(S() = $%) + (E(t) —E*) + (Sc(® - S*¢) +I(1) - TH)+(T(0) - T*) +(R() -R*I]* =0

Hence, the  endemic  equilibrium  is  globally  asymptotically  stable.

RESULTS AND DISCUSSION
Numerical Simulation

Using the values in Table 1 we carried out the numerical simulation for the model, R
software was adopted to simulate our data and the results are presented in the following

sections.
Results of Simulation

This section simulation was achieved using R-studio software and a package known as
deSolve package in R-studio was used to solve the ordinary differential equation(ODE)
using the system of linear equations in (2) couple with the set of parameter values in table 1
with the following initial condition S(0) =9999,E(0) =1,S¢(0) =0, 1(0) =0, T(0) = 0, R(0)
=0. The equilibrium point i.e (Ro<1) and endemic equilibrium point i.e (Ro>1)forSEScITR

model was investigated using our results from the parameter and initial conditions

SEScITR_model
1.00-
0.75- | | comparments
N B s
3
o & E
o |
® 0.50- l‘ & 5
> ‘
2 | —
= |
‘\‘ R E
0.25- -
0.00- —=d e
0 25 50 75 100

Time(days)
Fig .2 Showing general behaviour of SEScITR model
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The graph in Fig 2 illustrates the dynamics of a Susceptible-Exposed-Screened-Infected-
Treated-the graph shows the progression of an infection and the impact of screening and
treatment over time. The rapid initial spread is brought under control through screening
and treatment, leading to stabilization of the infection rates. The low levels of recovered
individuals suggest that recovery is slow or that the duration of the model is insufficient to
show significant recovery. Overall, the model highlights the importance of eatly
intervention to control the spread of infection. It is also useful for understanding the
temporal progression of disease and the effectiveness of intervention strategies in a

population

SEScITR_model at Disease Free Equilibrium R0<1

10000 St s e e

7500 - colour
Exposed
Infectious

— Recovered

— Screened
susceptible

2500 - Treated

Number of Individuals

0 25 50 7 100

Time(days)

o

Fig. 3 Disease Free Equilibrium state of SEScITR

In fig 3, we saw that at the start (time = 0), the entire population is susceptible, with no
individuals in the exposed, infectious, recovered, screened, or treated compartments. The
susceptible population starts at the total population (around 10,000 individuals).Over the
100 days, the number of susceptible individuals steadily decreases. This decline indicates
that individuals are being moved out of the susceptible compartment, likely due to
infection, screening, or treatment interventions.The graph demonstrates that under the
given conditions, the SEScITR model at disease-free equilibrium with Ro<1, successfully
maintains the population largely free of the disease. The susceptible population decreases

over time due to effective screening and treatment measures, ensuring that the exposed,
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infectious, recovered, and treated compartments remain insignificant. This scenario
illustrates successful disease control and eventual eradication within the simulated

timeframe.

SEScITR_model at RO<1

Reproductive Number (R0=1) T~y ---------------------=-------

AN compartment
[ s
- e
‘ N — Sc

Number of individuals

0 25 50 75 100
Time(days)

Fig 4 SEScITR Model when Ro<1

The SEScITR model (fig 4) simulation demonstrates that with Ro<1, the disease can be
effectively controlled over time. The red dashed line at Ro=1 is a crucial reference
indicating that the disease's reproductive number is below the critical threshold necessary
for sustained transmission. Initial exposure occurs rapidly, but the number of infectious
individuals remains low due to effective screening and treatment interventions. The
susceptible population decreases as individuals are exposed or screened, leading to a
gradual increase in recovered individuals. The model illustrates the successful control of the
disease, preventing large-scale outbreaks and maintaining low levels of infection

throughout the 100-day period.
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SEScITR_model(R0O= 1.33 )-log scale

1.0000000 ___————
- e compartment
“® 0.0010000 =
O —— : A E
w
o et ==Y
= — R
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Fig 5 SEScITR Model when Ro>1

The graph in fig 5 shows that we adjusted the transmission rate 31 equal to 0.8 which make
the reproductive number Ro=1.33 for us to see how the model will be at endemic
equilibrium. The SEScITR model with Ry=1.33 demonstrates the persistence of the disease
in the population. The exposed and infectious compartments stabilize at relatively high
levels, indicating ongoing transmission. Screening and treatment efforts are visible but
insufficient to eradicate the disease. The susceptible population decreases, while the
recovered population increases, showing that while recovery occurs, new infections
continue to happen. The log scale allows for a detailed view of the dynamics, especially for
smaller populations, highlighting the importance of sustained intervention to reduce Ry

below 1 for effective disease control.

CONCLUSION

This research work formulated a new model to study the spread of chlamydia among
people of reproductive age in Nigeria by improving on existing model incorporating
additional two compartments namely screened and treatment.The SEScITR model
(Susceptible, Exposed, Screened, Infectious, Treated, Recovered) was analysed to

determine the reproduction number and under various conditions to understand disease
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dynamics in a population We examined scenarios where the basic reproduction number Ry
was less than 1 and greater than 1. The simulations ran over periods of 100 to 200 days and

depicted the transition of individuals through different compartments of the model.

This study obtained the reproduction number for SEScITR model using the next

generation matrix as follows:

Bi1zp4
R,=(#+ B2) (B3 +B2 +u)(BS + u+ )

The above, state the reproduction number of infections among human population that are
susceptible which stand for secondary infection a human will produce in an entirely

susceptible population in its life span.

The local and global stability of SEScITR model was investigated using Jacobian matrix and
Lyapunov function respectively and the results shows that Chlamydia disease free
equilibrium is locally and globally asymptotically since Ro<1 i.e.Ro =0.67. Also, the endemic
state of Chlamydia equilibrium is locally and globally stable when Ro>1

Conflict of Interest: Not Applicable

REFERENCES

Adebowale S. A, Titiloye M., Fagbamigbe A. F., &Akinyemi O. J. (2013) Statistical
modeling of social risk factors for sexually transmitted diseases among female youths
in NigeriaJournal Infections Developing Countries 2013; 7(1):017-027

Ananya  Mandal  (2014)  http://www.news-medical.net/health/What-is-an-STD-
%28Sexually-Transmitted-Disease%029.aspx

Chukukere E. C., Inyama S. C. &Omame A. (2020). Mathematical Analysis of a model
Chlamydia and Gonorrhea Codynamics with optimal control. Results at Physics
https://doi.org/10.1016

Chukwuma M. (2018). Chlamydia double ovarian cancer risk.. The Guardian newspaper
March 2018.

Imran O. M. &Adeniyi F. F.(2020) Association between Knowledge of Sexually
Transmitted Infections and Sources of the Previous Point of Care among Nigerians:
Findings from Three National HIV and AIDS Reproductive Health Survey,
international Journal of Reproductive Medicine Volume 2020, Article ID 6481479,
11 pages https://doi.org/10.1155/2020/648147

Kermack, W.O. &Mckendrick, A.G. (1927). A contribution to the Mathematical theory of
epidemics. Proc. R. Soc. London Biology, Sci., volume 115, pps. 700 — 721.

Martcheva  Maia  (2015) an introduction to  mathematical Epidemiology

412 Mikailalsys Journal of Mathematics and Statistics



http://www.news-medical.net/health/What-is-an-STD-%28Sexually-Transmitted-Disease%29.aspx
http://www.news-medical.net/health/What-is-an-STD-%28Sexually-Transmitted-Disease%29.aspx
https://doi.org/10.1016
https://doi.org/10.1155/2020/648147

Ajao Olutunde Michael & Adejumo O. Adebowale

Masoumeh B. O., Dann G. M,,Ashkan A.,&Graeme J. P. (2010) Mathematical Modelling
of the interaction of the Chlamydia Trachomatis with the immune system
Proceedings of the World Congress on Engineering and Computer Science 2010 Vol
II WCECS 2010, October 20-22, 2010, San Francisco, USA

Mawak ].D, Dashe N, Agabi Y.A &PanshakB.W.(2011)Prevaalence of Genital Chlamydia
Trachomatis Infection amongGynaecologic Clinic Attendees in Jos, Nigeria,Shiraz E
Medical Journal, Vol. 12, No. 2, April 2011

Mozart U N.& Peter ] W. (2018)A model of HIV/AIDS population dynamics
including ARV treatment and pre-exposureprophylaxis.Advances in Difference Equations
(2018) 2018:11

Okoro L. E. &Agbonlahor D. E. (2012)High Prevalence of Chlamydia Trachomatis in the
Sperm of Males withLow Sperm Count in Nigeria. Journal of Microbiology and
Diagnosis 2012 1:3

Oluwole EO, Oyekanmi OD, OgunyemiDO,&Osanyin GE. (2020) Knowledge, attitude
and preventive practices of sexually transmitted infections among unmarried youths

in an urban community in Lagos State, Nigeria. Afr | Prm Health Care Fam Med.
2020;12(1), a2221. https://doi.org/10.4102/phcfm.v12i1.222

Shah N. H, Vaghela J. V. PandyaP. M.,& Shah2Y. N(2022)Mathematical model for
transmission of Chlamydia due to sexualactivity and unhygienic environment. Explore
Med. 2022:3:375-85. https://doi.org/10.37349 /emed.2022.00100

Victor U. N., Olawale O., Gloria C. A., IcheK..& Kingsley C. O. (2015) Patterns of
sexually transmitted infections in patients presenting in special treatment clinic in
Ibadan south western Nigeria Pan African Medical Journal — ISSN: 1937- 868

Wilson, D.P.(2004) , Mathematical modelling of Chlamydia, ANZLAM ], V45(E), pp.
C201-C214, 2004

Volume 3, Issue 2, 2025 413
- — " |


https://doi.org/10.4102/phcfm.v12i1.222
https://doi.org/10.37349/emed.2022.00100

