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ABSTRACT

Mathematical models for disease spread are mostly based on differential equations with an in-built
threshold that determines the behaviour of the system. This study investigates student-lecturer-sex
(SELEX) on campus by an epidemiological model. The dynamics of these activities among female
students and male lecturers are analyzed by the usual Susceptible-Infected-Recovered (SIR)
model. The model suggests that, admitting and recruitment of new members play a significant
role in reduction of SELEX on campus. It was revealed that, the basic reproductive numbers are
not enough to predict whether or not SELEX will persist on university campus, but minimizing
the admitting and recruitment of infected students and lecturers reduces the spread of the
disease-SELEX.
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1 INTRODUCTION

Modelling has become a predictive tool which
helps to determine the existence and treatment
strategies of certain diseases. It has become
the need to develop useful models which
will give practitioners and academia valuable
predictions. Mathematical models for disease
spread are mostly based on differential equations
with an in-built threshold that determine the
behaviour of the system. Several research
work have tried to model and analyze sexual
activities outside marriage using ordinary
differential equation because of it relevance
to policymakers and stakeholders. Among
these include: Hardit [1], who predicted sexual
aggression among college men. He examined
various components of the confluence model
on sexual aggression with a population of
contemporary college men. The confluence
model was a constituent of two intercorrelated
pathways: hostile masculinity; composed of
negative attitudes and beliefs towards women,
and impersonal sex; characterized by engaging
in sexual relationships that lack emotional
closeness.  Hierarchical regression analyses
revealed partial support for components of the
confluence model. Significant mediating and
moderating effects of confluence model variables
were present.  Contrary to his hypotheses,
the level of consumption of sexualized media
did not moderate any of the pathways to
sexual aggression. Membership in a fraternity
was associated with higher levels of reported
sexual aggression.  The finding highlighted
on the importance of certain male peer group
membership as one factor in sexual aggression
among college men. An epidemiological model
depicting the dynamics of campus sex among
students is also investigated [2]. The SIR model
was used in analyzing the dynamics of sexual
activities among students. Two equilibrium points
were found, a disease-free equilibrium and an
endemic equilibrium point. It was evident that,
admitting new students without the infection
plays a significant role in the reduction of sexual
activities among students on campus.

An epidemiological model capturing the
dynamics of campus drinking was used to
study how the ‘disease’ of drinking is spread

on campus. The model suggests that the
reproductive numbers are not sufficient to predict
whether drinking behavior will persist on campus
and that the pattern of recruiting new members
plays a significant role in the reduction of campus
alcohol problems. They assumed that, problem
drinkers can recruit both non-drinkers and social
drinkers. This allows to transition to the problem
drinking state both directly and via progression
through social drinking. In the limit case, they
modified this assumption and allowed problem
drinkers to only recruit social drinkers, and
that, non-drinkers may transit to the problem
drinking class only after progressing through
social drinking. As a result, the dynamics
of campus drinking are significantly impacted.
Surprisingly, in the limiting case, even with a large
reproductive number R1 , the proportion of both
social and problems drinkers is reduced. This
suggests that one possible strategy for reducing
drinking problems on campus is to modify the
recruitment patterns [3]. Oduwole and Shehu
[4] proposed a compartmental mathematical
model to track the dynamic of poverty and
prostitution. ~ They introduced a non-violent
compartment that focuses on rehabilitating both
male and female prostitutes. They showed
that the dynamics of prostitution relates to
many forms of poverty and crime. In the
model of Busenberg, the disease spread was
mainly due to the sexual interaction between
a core group of female prostitutes and young
unmarried males [5]. Threshold parameters were
obtained that determine persistence of endemic
proportions, persistence of total population, and
the persistence of infective population given the
extinction of endemic proportions in a population
tending to infinity. Conditions were given for the
existence of multiple endemic equilibria as well
as the existence of multiple stable equilibria with
separatrix.

Gani [6] considered the differential-difference
equations of the SIR model with constant
population size and gives the partial differential
equation which the associated probability
generating function satisfies and outlines a
mathematical method for solving it. However,
the mathematics involved is so complicated
that it limits its success in the SIR model
varying the population sizes of at most 3
individuals. Andersson [7] studied the epidemics
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on configuration model networks, considering
a closed population without births, deaths and
migration. By constructing a configuration model
network it was possible for them to investigate
when the epidemic may become large and when
it will stay small with probability one, and how
the distribution of the infectious period affects
the outbreak. They answered these questions
by using generating functions and percolation
theory. They observed that the early stages of
an epidemic outbreak can be approximated by
a branching process, also this approximation is
possible until approximately the +/nth infection
in a population that consists of n individuals.
They concluded that the transmission of the
disease depend on the infectious periods, if the
infectious periods are fixed for all individuals
the transmission is independent and identically
distributed whereas if the infectious periods are
random this is not the case. Davidoff et al. [8]
studied the demand and supply systems among
sex workers. Two mathematical models were
constructed to explore the dynamics of the sex
industry: one for the males who provide demand
and another for the females who provide the
supply. With a preliminary study by Sachdev on
the attitudes and behaviour of university students,
it provided baseline information on the sexual
attitudes and behaviour of young students from
two Universities in Delhi [9]. The findings by
and large confirm the general trend favoring
more liberal sexual attitudes. It was evident
that female respondents beginning to cast off
traditional moral restraints experience their own
sexuality. However, significant gender differences
in sexual attitudes and behaviour still persist. The
study shows that while attitudes are changing,
behaviour lags behind. It was apparent that
more Indian college women are likely to engage
in this sexual behaviour as cultural forces give
them more freedom to express their sexuality.
Other research work on EPQ inventory model
for non-instantaneous deteriorating items under
trade credit policy [10], inventory model for non-
instantaneous deteriorating items with quadratic
demand rate and shortages under trade credit
policy [11], and approximations of functions in
banach spaces [12] have also been investigated.

One of the challenges affecting the academic
field of study is sexual activities among students
and their teaching staffs. It is therefore

imperative to address the situation within the
ambit of mathematical models. In this study
we categorize student-lecturer-sex (SELEX) as
a disease on university campus. The term
SELEX is considered as engaging in a sexual
act when not married for any reason or having
sexual act outside your marriage partner. An
epidemiological model capturing the dynamics
of SELEX among female students and male
lecturers on university campus is illustrated with
an SIR model. The model together with the
scenario in question is a hypothetical case but
not real issue based on actual data.

2 THE MODEL

These mathematical model was formulated using
SIR framework, where the individuals in the
population are divided into six compartments.
Non infected students (Ss) are the susceptible
group, non infected lecturers (Sp) - the
susceptible lecturers group recruited in the
school; thus, population without the disease
SELEX. Infected students (Ps), infected lecturers
(Pr), are those whose sexual activities/habits
and associated behaviour have negative
consequence. The recovered group: recovered
students (Rs) and recovered lecturers (Rz) are
those who has stopped illegal sex for a minimum
of twelve months. The students and lecturers join
the campus in any two state as either susceptible
(Ssor Si) or infected (PsorP). Once on
campus, a student or lecturer may move from
any of the state to the other. In the model,
aN is the number of students admitted into
the system every academic year, wN is the
number of lecturers recruited by the university,
« and w are the entering and departure rate
from campus environment by female students
and male lecturer respectively. The rate at which
a lecturer influences a female students into sex
is denoted by ¢, and ¢ as the vice versa. ~
and ¢ are the recovery rates from SELEX by a
student and a lecturer respectively. « and 7 are
the relapse rates from recovered to infected. o
and n are the entering rate of infected student
and a lecturer respectively. SsPr and SpPs
shows the interaction between infected and
non-infected. The conversion from infected to
recovery is assumed to be the result of a recovery
process and is executed by the terms +Ps and
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ePr,. Recovered may only relapse to infected
class or leave the campus. Parameters ¢, 3, u;
; k; ™ are the transmission rates and measure
the effectiveness of the interactions between
non-infected and infected, recovered and SELEX
state. The transition to a lower state is assumed
to be a recovery.

Assumptions
e Constant population size.

e Non infected includes and

recovered admitted.

never

e Recovered can only relapse.

e The rate at which the disease is acquire is
proportional to the product of susceptible
and infective present.

e The effects of breaks and vacations are
not considered.

e The rate at which female student and male
lecturers are admitted and recruited in the
university is proportional to the size of
the female students and male lecturers
population.

e The rate which susceptible leaves the
campus is proportional to group/class
of female students and male lecturers

population.
—a — fps — épi —Bss
/Bps n
_ 0 Y — KTs
JprE = 0 sy
opi 0
0 0

where n = sy + s+ krs —a— 1 — 7y
m=pus;+ ¢ss+7mr—w—o¢ —¢€
q=—w— upr — Pps

The dynamics are modelled using the
following differential equations where
Ss,S1, Ps, P, Rs and R; have being rescaled

proportionally:

d;ts = — B8sps — PSsp1 — QS5

dps

g Pt Bssps + KpsTs + YSiDs — YPs — UPs
drs

dt = YPs — RPsT's — QTs

dSl

s =w — USIp1 — WS — YSiPs

dpl o

o = Pt psipet mpere $sspt — €p1 — vpy
drl

pr = €pL — TPITT — W

where s +ps +1s = 1,81 +pi + 11
atot+Y,v=ntw+t+o

3 MODEL ANALYSIS AND
DISCUSSIONS

To determine the various equilibria, a local
stability analysis is performed to check whether
the SELEX will die out or not. At the equilibrium,
the Jacobian matrix for the equations is:

0 0 —pSs 0
RPs ¢ps 0 0
—Kps — 0 0 0
0 q . 0 (3.1)
0 upi m 1L
0 0 €E—Tr; —Tp— W

The eigenvalues at the disease-free equilibrium are:

)\12)\2=—O¢,)\3:—OA—’}/
/\4:)\5:700,)\6:70076.

There are two levels of infectives on the disease-free equilibrium R§ and RY. The first reproductive
number R is defined as the average number of secondary cases caused by a typical female student
with SELEX in a non-infected campus environment. The basic reproductive number R§ is calculated

as.

Ri=(3-a- (

~

B
o+ -y

1
1
)
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The second reproductive number R} is defined
as the average number of secondary cases
caused by a typical male lecturer with SELEX in

in determining whether or not SELEX becomes
and

established on campus. From R§ =
o+

a non-infected campus environment. The basic
reproductive number R} is given as:

, it can be seen that an increase in

Ry = —H
e+w
B and p increases Ry and R} respectively. While
M an increase in «, w and ~, e decreases R; and
w+te R} respectively. In the case when the infectious
interaction between student and lecturer are zero,
thatis 8 = p = 0, then:

U s ¢
unstable when, 3 > a+~vand u > e +w. The Ro= oty
Ro’s obtained reveals that the transmission rates
B and p relative to the recovery rates v, ¢, and
the departure rate «, w plays a significant role

RL =

At the disease-free equilibrium, the disease is
stable when, B <1and " < 1. But
o+ €+ w 1/)

and R, =
€e+w

The endemic equilibrium point is given as
(8571757 Tsy, S1,Diy rl) where
(0% YPs w €PL
Ss = Ts = , S = , e =

a+ ¢pi + Bps’ kps+ ' wtUps+up’ | wptw

{/(/(“27a2d + 9abc — 25°) — A(Bac — %) — 2Ta?d + 9abe — 26%)

ps =

3(V/2a)
V2(3ac — v?) b

{/(/(“27a2d 1 9abc — 25°)2 — A(3ac — B2 — 27a>d + Yabe — 26%)  °°
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¢ = we?p + wWrd + P*wr + wrap + wpp + wepp + wrf + AT + WY + PP — wuT — e
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d = weBY + W2 PY + PfYw + we + w?ef + wrar + W3S + W + wiae + wia — WP — wWiua

P =

Using the Routh-Hurwitz Criteria a method for determining whether a linear system is stable or not
we obtain:

a —fss 0 0 —Pss 0
Bps b KPs ¥ps 0 0

0 Y — Krs —Kps —«Q 0 0 0

0 —s; 0 c — 8] 0
épu 0 0 Kpt d ™Dl

0 0 0 0 €—Tr, —TpL— W

as the Jacobian matrix. This implies

A+ AN+ A) A+ A3)( A+ A)A+ As)(A+ A46) — K =0
A+ BN 4+ Bod* + BsA® + BiA2 + BsA+ Bg =0



Obeng et al.; AIR, 6(5), 1-8, 2016; Article no.AIR.20355

A aP,
uP,
aS,

k

N aR

_ W s L{Ps —|n =
Y
P ¢

T

N g L lp | |&

— — —wR;

£

w5,

Fig. 1. Compartmental diagram for female students and male lecturers

where A1 = a+ Bps + dpi, Az = —Bss — s — krs +a+ Y+, As = kps +, A4 =
WA ppr+ Yps, As =psi—¢ss —mritw+d+e, Ag =mr+w, K = (mer —7°r] —ew +
mwry) (puabBsssipsp)* (Yrkrips — mRPpsrsm) = 0, Bi = Ag + As + A+ As + Az + A1, Bo =
As(As+As+ A1)+ As(As+ A1)+ Az A1+ As A, Bs = As(As+As+As+ A1)+ As(As+As+ A1)+
A3(A2 +A1) + A A5 A+ A2 A1 ... ... Bg = AgA5 A4 A3A A — K. Considering the characteristic
equation XS 4+ B1 A% + BaA* 4+ B3A® + B4A? 4+ Bs )\ + Bs = 0 where n=6, The Routh-Hurwitz Criteria
are B1 > 0,B2 >0,B3 >0,Bs > 0,Bs >0,Bs > 0. For
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det(H1) = B,
B 1
det(Hz) = ( 01 Bz)
B 1 0
det(Hg) = Bg BQ Bl
0 0 Bs
By 1 0
Bs B B
0 0 B
det(He) = o 03
0 0 0
0 0 0

0
1

Bs
By

0
0

>0
=B1By >0

=B1Bys— B3>0

0 0

0 0

B. 0 o

B B, —Bi>0i=123456
Bs Bu

0 Bs

The determinants of the Hurwitz matrices are det(H1) > 0,det(Hz) > 0,det(Hsz) > 0,det(Hy) >
0, det(Hs) > 0 and det(Hg) > 0 which implies all the eigenvalues of the endemic point have negative
real part. Therefore, endemic equilibrium state is stable.

The following values are selected to illustrate the graphical presentation of the model equations:
a = 0.06,w = 0.02,8 = 048, = 0.48,7 = 0.11,¢ = 0.13,x = 0.20,7 = 0.20,¢ = 0.33,¢ =
0.32,n7 = 0.07,0 = 0.10. This is illustrated in Fig. 2.

It can be observed that, the infectious population is increasing whiles the susceptible and recoveries
are decreasing. This confirms the accession made by Reymond [13], that the males which are the
demand aroup. when taraeted could reduce the spread of the disease.

1-

Model Dynamics
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Fig. 2. Model dynamics
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4 CONCLUSION

An SIR model capturing the dynamics of student-
lecturer-sex (SELEX) on campus is studied.
The stability conditions of the disease-free point
resulted in an unstable equilibrium state, and a
stable state in the case of endemic equilibrium.
The results showed that, the disease SELEX is
more dependent on the infectious rate than the
other parameters. This suggests one possible
technique in reducing SELEX on campus is to
modify the admitting and recruitment patterns.
This may be accomplished by designing effective
control strategies and systems to limit the
factor demand and supply among students and
lecturers. This research can also be practically
performed with sets of real data, because this
was purely based on assumptions.
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