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Abstract

In this paper, a mathematical model describingdyr@amics ofChlamydia Trachomatis
infection in a human carrier is presented. The rhadeorporated relevant feature such as
recovery through drug administration. The existeand uniqueness of solutions of the model
were examined by actual solution. The stabilitylgsia of the critical points was conducted. The
results show that it is globally asymptotically ldeaunder certain conditions. The system of
equations were solved analytically using paramexpanding method coupled with direct
integration. The results are presented graphicafig discussed. It is discovered that the
influence of burst size per infected cell, ratecefl infection and recovery rate due to drug
administration is quite significant.
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1. Introduction

Chlamydia is an obligate intracellular bacterial pathogent timects the genital and

ocular mucosa of humans causing sexually transinidieease (STD) and Trachoma. It is



estimated that 70 — 75% of endocervical infectimngromen caused by bacteriu@hlamydia
trachomatis are asymptomatic and may persist for months tosydd.

According to Wilson [2], the disease due to invadiGhlamydia commences as
chlamydial particle infect epithelial cells of msab linings. However, the immune system
responds via two mechanisms, such as humoral intgnand cell-mediated immunity. For more
details on humoral immunity and cell-mediated imityrsee [2].

It has been suggested that cell-mediated immuniby, humoral immunity, plays the
dominant role in protective immunity agairGhlamydia [3]. The importance of cell-mediated
immunity to chlamydial infection has been emphasimea number of studies [4, 5]. Wilson and
McElwain [6] modelled humoral immunity against amigdial challenge by tracking the
antibody and host cell receptor aggregation ovédansidial particle. In another development,
Wilson et al. [7] modelled the inter-conversionveeen infectious and replicating chlamydial
particles to track the number of particles withimast cell with time over the developmental

cycle.

. So, this present
study investigates the criteria under which the @it recovery of infected cells through drug

administration could lead to the stability of eduium point.



2. Model Formulation

We modify the Wilson [2] model by incorporating o@ery through drug administration. We let

C(t) be the concentration of free extracellular chlailygarticles, E(t) be the number of
uninfected mucosal epithelial cells (main host delt Chlamydia), I(t) be the number of

Chlamydia-infected epithelial cells anﬁt(t) be the number of epithelial cells which recovered

from Chlamydia-infection. Arising from the above, a simple matlaical description of the
change in the interacting ‘species’ is:
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As initial condition, we choose

C(0)=C,, E(0)=E,, 1(9=l,, R(9=R,, (5)
where P. is the number of Chlamydial particles releasemnfinfected cellsK, is the rate at
which Chlamydia particles are released from inf@ctells, 1. is the natural death rate of
Chlamydial particlesP: is the epithelial cells reproduction raig; is the natural death rate of

epithelial cells,K, is the rate of Epithelial cell infection which mbg reduced by antibodies,
is the waning off Immunityy is the rate of clearance of infected cells duedlh-mediated

immunity andd is the recovery rate due to drug administration.



3. Method of Solution

3.1 Existence and Uniqueness of Solution

Theorem 1: Let B, =1, . =, =u. Then the equations (1) — (4) with initial conalits (5)

has a unique solution for al& 0.

Proof: Let P.=1 = =p andg(t)=C(t)+E(t)+I(t)+R(t), we obtain

d
d—?:PE—,U{O, w(o):(C0+Eo+lo+Ro):¢o

Using method of integrating factor, we obtain tbugon of problem (6) as

)= (1-e* )+ g

Then, we obtain

R(1) :(i{%_ije-mj-(c(m £(1)+1 ()

U U

Hence, there exists a unique solution of problem (4). This completes the proof.

3.2 Stability Analysis
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3.3 Solution by Parameter-expanding M ethod

Suppose the solutior(t),

be expressed as

(1) =% (1) + K (1) + K (t)+hot
y(t) =y, (t) + Ky, (t) + K2y,(t) +hot
2(t) =z (t) + K.z (t) + K?z,(t) +hot |’
v(t) = v, (1) + Koy (t) + K2v,(t) +hot

wherehot .read “higher order terms iK,.

Substituting (23) into (1) - (4), and processing,af¢ain:
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z(t) and v(t) in (1) - (4) can
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d
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Solving equations (24) — (31) by direct integratioe, obtain
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where
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The computations were done using computer symbdijiebraic package MAPLE.

Results and Discussion
Here the existence and uniqueness of solution psgsiem of equations (1) — (4) is proved by
actual solutions. Also, under certain condition® khave conducted stability analysis of the

disease-free and endemic equilibriums. The reshisved that is globally asymptotically stable.

P. =20, P. = 10cells /mm® /day , K,= 0.02nm*> Hay tell , K,= 0.33days ,

U =3days™, g =2days™, y = 2days ™, 0= 0.2days™*, w= 0.04lays™
The concentration of free extracellular chlamyghatticles and number of uninfected mucosal

epithelial cells,Chlamydia-infected epithelial cells and recovered epithetialls are depicted
graphically in Figures 1 - 7.
From Figure 1, we can conclude that with the ineeeaf number of infectious chlamydial

particles released by an infected celP.(), concentration of free extracellular chlamydial

particles increase.
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Figure 1:x(7) versus ime t for various values ofPC at

Pp=10.K,=002. K,=033, p.=3. =2, y=2.6=02w

E >

=004, =0.2,=50.3,=300,z,=10

From Figure 2, we can conclude that with the ineeeaf number of infectious chlamydial

particles released by an infected cel.(), number of uninfected mucosal epithelial cells

decrease.
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Figure 2: (1) versus ime t for various values ofPC at
P.= 1[LK1=U.DE._ K:=U.33._ |.LC=3._ |.L£=2._ y=2.6=02w

E >

=004, =0.2,=50.3,=300,z,=10

From Figure 3, we can conclude that with the ineeeaf number of infectious chlamydial

particles released by an infected cel.(), number ofChlamydia-infected epithelial cells

increase.
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Figure 3:2(1) versus ime t for various values ofPC at
P.= 1[LK1=U.DE._ K:=U.33._ |.LC=3._ |.L£=2._ y=2.6=02w
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From Figure 4, we can conclude that with the inseea@f recovery rate due to drug

administration @ ), concentration of free extracellular chlamydiatticles decrease.
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Figure 4:x(f) versus ime t for various values of & at
PC=2[|'._PE= 10, Kl =0.02, K: =033, he= 3, |.LE=2._ ¥=2.m
=0.04, vy = U'___‘L'D: 5|:|'..:L'D= 300, Zy = 10

From Figure 5, we can conclude that with the inseea@f recovery rate due to drug

administration @ ), number of uninfected mucosal epithelial cells@ase.
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Figure 5:¥(f) versus ime t for various values of & at
PC=2[|'._PE= 10, Kl =0.02, K: =033, he= 3, |.LE=2._ ¥=2.m
=0.04, vy = U'___‘L'D: 5|:|'..:L'D= 300, Zy = 10

From Figure 6, we can conclude that with the inseea@f recovery rate due to drug

administration @ ), number ofChlamydia-infected epithelial cells decrease.
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Figure 6:2(1) versus ime t for various values of & at
PC=2[|'._PE= 10, Kl =0.02, K: =033, he= 3, |.LE=2._ ¥=2.m
=0.04, vy = U'___‘L'D: 5|:|'..:L'D= 300, Zy = 10

From Figure 7, we can conclude that with the inseea@f recovery rate due to drug

administration @ ), number of recovered epithelial cells increase.
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Figure 7: V(1) versus ime t for various values of & at
PC=2[|'._PE= 10, Kl =0.02, K: =033, he= 3, |.LE=2._ ¥=2.m
=0.04, vy = U'___‘L'D: 5|:|'..:L'D= 300, Zy = 10

5. Conclusion

From the studies made on this paper we concludeder.

1. Burst size per infected cell enhances the cdretgon of free extracellular chlamydial
particles and reduces the number of uninfected sal@pithelial cells.

2. Recovery rate due to drug administration inaéhe number of uninfected mucosal epithelial
cells and recovered epithelial cells and decredme doncentration of free extracellular
chlamydial particles and number©flamydia-infected epithelial cells.

3. The globally stability of infected (endemic) dduium depends on the rate of cell infection.
Thus, increased ability to clear infection will bletained if

1. There is a proper treatment of ailments

2. Number of infectious chlamydial particles rekhdy an infected cell is reduced.

19



3. Contact between uninfected mucosal epithelidd emd free extracellular Chlamydia particles
can be prevented.
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