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Abstract

With the current waive of global health problems and resurgence of many disease around the
world. Cholera, Yellow fever,SARS-CoV-2, Monkey pox and Lassa fever resurgence in some West
African countries, with Ondo State recording highest number of Lassa fever case in Nigeria. Prompt-
ing Nigeria Centre for Disease Control (NCDC), Ondo State Primary Health (OSPH) expert and re-
searchers begin ways to reduce transmission dynamics of Lassa Fever Disease (LFD). In this research,
we developed and investigated using System of Ordinary Differential Equation (ODE) mathematical
model of Lassa fever disease transmission dynamics, verifying positivity of system of equation as
well as feasible region of the model. However, the Disease Free Equilibrium (DFE) of the model is
computed and analysed with basic reproduction number R0 of the model, showing the global stabil-
ity of the DFE. Furthermore, we determined using model-fitting parameters the condition to attain
stability. Finally, numerical simulations shows reduction in transmission with effective pest control
measure.

Keywords: Global health, SARS-CoV-2,transmission dynamics, Disease Free Equilibrium, Or-
dinary Differential Equation.

Introduction

As the world improves daily, and human activities
towards making the entire globe a better place so
also is the very effect of spread of diseases across the
world. Lassa fever(LF) is an aminal-borne, acute
viral illness. It is endemic in parts of West Africa in-
cluding Sierra Leone, Guinea, Liberia and Nigeria.
Lassa virus was discovered in 1969 in a community
called Lassa in Nigeria. (Richmond and Baglole,
2003). Lassa fever is an acute viral haemorrhagic
illness caused by Lassa virus (LV), of the arenavirus
family of virus Keenlyside et al. (1983). Mastomys
rodents are the carriers of the virus, they live in the
rodents system for life, without symptoms and are
ejected as excreta and urine.

Once the rodent is infected, its dropping and
urine contains the virus for as long as th rodent
lives. The high rate of breeding of the mastomys
rodents who are usually found in the forest and sa-
vanna of Central, East and west of Africa (Keenly-
side et al., 1983; Leirs et al., 1996), they easily col-
onize human abode and areas where food are kept.
Improper disposition of food items in Nigeria and
other African countries has made Lassa virus easily

transmitted to human.
whenever an infected mastomys rodent comes

in contact with the food item and the contami-
nated food item is consumed, transmission occurs.
The infection can also be contacted with a direct
contact with infected rodent, person-to-person con-
tact with bodily fluids, secretion or excretion of
a lassa virus infected individual. Body contacts
without the exchange of bodily fluids doesn’t not
spread the lassa virus. In March 2018, somewhere
in Edo State of Nigeria, World Health Organisation
(WHO), conducted a sensitization session, reaching
out to nearly 9,000 community leaders on the effect
of the LV after the infection killed a young father,
living behind two sons who show symptoms of the
infectious disease.

Although Lassa fever (LF) and Ebola virus dis-
ease (EVD) comes up with very similar symptoms.
Lassa fever is less likely to spred from peron to
persson compared to Ebola which has very high
rate of spread and far deadly. Lassa fever comes
with bleeding after an incubation period of about
2-21days depending on the immunity of the infected
individual. With physical manifestation as fever,
general weakness and malaria.
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Mathematical modeling holds critical role in the
design of prevention and other control measures of
infectious diseases. For example, Okuonghae and
Okuonghae (2006) formulated a Lassa fever disease
dynamics mathematical model of qualifying relative
contributions from regular contact with species of
vector which carries the virus. Causing Lassa fever
and infectious contact with individual is seen as
significant in the spread of the disease. Incorpo-
rating vaccination effectiveness modeling on a sub-
set of the target population. Bawa et al. (2013) in
their study, incorporated standard incidence rate of
deterministic model for Lassa fever disease. With
concepts of vital dynamics,disease induced death,
infection due to humans, reservoirs and aerosol (air-
borne) transmissions in a population. Obabiyi and
Onifade (2017) on their part accessed a mathe-
matical model for LFD focusing on two popula-
tions: that of the rodent and human. Using maxi-
mum principle theorem, establishing positivity and
boundedness of solutions of the system of ODE.
Having conditions for attaining disease free equi-
librium, endemic equilibrium and stabilities of the
system.

There are growing need to improve on under-
standing Lassa fever disease transmission dynam-
ics, developing effective strategies for prevention
and controlling its spread. Optimal control analysis
have been a very useful tool in studying and formu-
lating control strategy of infectious diseases (Gupta
and Rink, 1973). With several optimal control anal-
ysis on diseases such as Malaria (Rafikov et al.,
2009; Okosun et al., 2013), Zika (Chaikham and
Sawangtong, 2017; Momoh and Fügenschuh, 2018;
Djomegni et al., 2021), HIV (Karrakchou et al.,
2006; Kutch and Gurfil, 2002) and Ebola (Li et al.,
2017; Rachah and Torres, 2015). Lassa Fever Dis-
ease (LFD) have recorded about 300,000 clinical in-
fections and as much as about 5,000 deaths yearly
in endemic region (Dahmane et al., 2014). The dis-
ease have affected so many communities. The rea-
son for the high risk in southern part of Nigeria,
Edo and Ondo State leading the number of states
numbering to 22 states is majorly because of the
primitive way of life, especially the way the farming
community dry their agricultural produce. Local
farmers depend majourly on spreading farm pro-
duce on the road side to get dried by the sunlight
as a means to preserve the food item. This practice
which exposes the food item to rodents, who come
to feast on the food item, thereby dropping feces
and urinating on the food, which is then consumed
by the human population without proper process-
ing as well as the water for consumption which is
got fro streams. LFD is also prevalent in the South-
ern part of Nigeria because of the orthodox believe
and local herbal system of health. Prevalence of
LFD which is a public health emergency in Nige-

ria, report from Jan 2017 to dec 2018, LFD was
recorded in 11 states of the country with Edo and
Ondo states recording 69% followed by Ebonyi with
11%. Reports from Nigeria Centre for Disease Con-
trol (NCDC) showed that the reported cases of LFD
is more than 4,000 suspected cases in 23 States with
more than 600 confirmed cases and 149 deaths in
2019 (Team et al., 2018, 2019). Which prompted
government relevant health agencies, medical re-
searchers and mathematical epidemiologist to come
up with solutions to eradicate the disease.

However, Mathematical modeling has been very
instrumental in prevention of infectious disease
globally and Nigeria in particular. With several
studies on mathematical modeling of LFD dy-
namics, its transmission in so many perspective.
(Akanni and Adediipo, 2018) considered sensitivity
analysis of dynamical transmission of LFD, with
four compartments for the human namely, suscep-
tible, exposed, infectious and the recovered class.
while considering SEI for the vector. With all as-
suming immunity for recovered individuals. But
with the prevalence rate of LFD, there are possibil-
ities that a recovered individual can be susceptible
again. Hence, in this paper, recovered individual
lose immunity at rate σ which is rate at which they
return to being susceptible. The σ is very low, be-
cause of Optimal control strategies which is put in
place. Such as living in a clean environments, fol-
lowing public health guidelines on food intake and
waste disposal. Neglecting orthodox medical advice
and following medical advise. Recently in the gov-
ernment of Ondo State in Nigeria announced the
plan to distribute 10,000 rodent eliminating sub-
stance free to residence of LFD prevalent commu-
nities. Because of the prevalence and awareness
made by government and public health specialist.
We assume no recurrence of LFD induced deaths in
prevalent communities due to safe disposal of LFD
positive corpses.

However, the uniqueness of this study of Lassa
virus infection model proposes a stability anal-
ysis with control parameters that enables vec-
tor elimination, vector-to-human contact reduc-
tion and human-to-human contact reduction. Us-
ing mathematical model and the stability analy-
sis control Lassa fever transmission dynamics that
includes comprehensive medical and hygienic in-
terventions (prompt diagnostic and early treat-
ment of infected humans, clean environmental prac-
tices, use of indoor residual spray to control ro-
dents against spread of disease, hygienic agricul-
tural practice and proper disposal of food items,
control of bodily contact with body fluids). Math-
ematical model is formulated in Section 2, while
in Section 3, mathematical analysis of the model
is presented. While contribution of rodent-human
transmission and human-human transmission of
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Figure 1: Site of Poor Exposure of Food a major cause of Lassa

Lassa fever disease dynamics, investigating basic re-
production number, Infection control strategy for-
mulation and solution with Numerical Simulations
are in Section 4. With conclusion in Section 5.

Model Formation

We consider a SEIR model for humans and an SI
model is considered for mastomys rodents with con-
trol strategies. Diagram of epidemiological classes
of the modeled system is given in Fig. 1,total
human population at time t is given as Nh(t),
which has four classes: susceptible Sh(t), exposed
Eh(t) Infectious Ih(t) and recovered human Rh(t).
The vector(mastomys rodents) population Nv(t)
has two classes: susceptible Sv(t) and Infected ro-
dents Iv(t),while we assume that rodent infected
with Lassa fever (LF) never recovers.

Susceptible individual enters into the system at
constant rate πh through birth and natural death
rate µh. Susceptible humans get Lassa virus (LV)
infection due to contact with infected humans, as
well as contacts with infected mastomys rodent at
rate

βvh

Nh

. Where βvh is probability of transmission from
an infectious mastomys rodent to susceptible hu-
man per contact with an infected food item or any
contaminant. βvh is the transmission rate from a
susceptible. Natural death rate of exposed human

is µh while they move to the infected class at a rate
αh. Infected individual death at rate d, without
any form of recurrence, because due to awareness
and government regulation, only approved means
of disposal is required. Recovered class with natu-
ral death rate µh and has propensity of losing im-
munity at rate ζ, which makes them vulnerable to
being reinfected with the disease as they return to
the susceptible class at same rate.

Susceptible mastomys rodent Sv(t) have a con-
stant birth rate of λv and natural death rate µv.
βhv is the transmission rate from a susceptible.
With the assumption that rodent can be removed
either through death by predators or human pest
control measures at rate σv

The Mathematical Model

The model formulation considers a general popula-
tion of host and vector respectively. With reference
to transmission dynamics of lassa fever disease and
states of individuals in the system at time t. The
population compartments are divided into classes
of individuals who are immunologically naive, such
as susceptible class denoted by Sh. Exposed class is
denoted by Eh which are set of individuals who are
exposed to food items already contaminated with
LF or come in contact infectious host. Infected
class is denoted by Ih, while recovered individu-
als as Rh but with temporary immunity. Because
likelihood of getting infected if they contract the
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Figure 2: Lassa transmission dynamics

disease again. We assume recovered individuals do
not have total or absolute immunity, we also as-
sume lassa fever disease (LFD) is highly infectious
which made us consider the use of SEIRS model for
the dynamics. The population of human is given by

Nh = Sh + Eh + Ih +Rh

While the vectors population is given by

Nv = Sv + Iv

Diagram representing lassa fever disease (LFD)
progression flow is given below :



dSh

dt = πh − βvhShIh − µhSh + ζRh

dEh

dt = βvhShIh − (µh + κh)Eh

dIh
dt = κhEh − (αh + µh + dh)Ih

dRh

dt = αhIh − µhRh − ζRh

dSv

dt = πv − βhvSvIv − µvSv

dIv
dt = βhvSvIv − (µv + τv)Iv

(1)

subject to the initial conditions, Sh ≥ 0, Eh ≥
0, Ih ≥ 0, Rh ≥ 0, Sv ≥ 0, Iv ≥ 0

Positivity and Boundedness of Solu-
tion

Theorem 1 The model equation (1) which has
a bounded positive solution on the biological fea-
sible region is positively invariant in region Ω

and analyzed for understanding is defined by{
(Sh, Eh, Ih, Rh, Sv, Iv)ϵR

6
+ : Nh(t) ⩽

πh

µh
, Nv(t) ⩽

πv−σvIv
µv

}
with initial conditions Sh(0) > 0, Eh(0) ⩾
0, Ih(0) ⩾ 0, Rh(0) ⩾ 0 and Sv(0) > 0, Iv(0) ⩾ 0

The initial solution be given as

{Sh(0), Eh(0), Ih(0), Rh(0), Sv(0), Iv(0)} ⩾ Ω

We assume positivity, i:e the initial condition sat-
isfies

(Sh(0), Eh(0), Ih(0), Rh(0), Sv(0), Iv(0)) ⩾ 0

Hence we consider the second equation of our model
equation (1)

dEh

dt
= βvhShIh − U0Eh (2)

where U0 = (µhEh + κh)

dEh

dt
+ U0Eh = βvhShIh

Integrating Eq.(2) we have

Eh = K0e
−U0(t) + e−U0(t)

∫
βvhShIhe

U0(t)dt ⩾ 0

(3)
where K0 is the integrating constant. We consider
the first equation of our model equation (1)

dSh

dt
= πh − f(IV (s))Sh + ζRh (4)

where f(Iv) = βvhIh + µh Multiplying with the in-
tegrating function e

∫
f(Ih)dIh gives

e
∫
f(Ih)dIh

dSh

dt
+ f(Ih(s))e

∫
f(Ih)dIhSh =

(πh + ζRh)e
∫
f(Ih)dIh
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Sv

Sh IhEh Rh

Iv
βvSvIv

βhShIh κ1E1 α1I1πh

πv

µhSh µhRhdhIh

µhIh

µhEh

σvIv

µvIv

µvSv

ζRh

Figure 3: Schematic diagram of the disease dynamics

∴
d

dt
(e

∫
f(Ih)dIhSh) = (πh + ζRh)e

∫
f(Ih)dIh

further integration yields

e
∫
f(Ih)dIhSh = K1 +

∫ t

0

(πh + ζRh)e
∫
f(Ih)dIh

Sh = K1e
∫
f(Iv)dIv+

e
∫
f(Iv)dIv

∫ t

0

(πh + ζRh)e
∫
f(Iv)dIv ⩾ 0

(5)

for t ≥ 0. Hence Sh ≥ 0 In similar fashion, we
obtain the state variable of remaining equation of
our model equation. For the vector, we consider
the fifth equation of the LFD model,

dSv

dt
= πv − U1Sv

where U1 = (βhvIv + µv) Multiplying with the in-
tegrating function eU1(t), we have

eU1(t)
dSv

dt
+ U1e

U1(t)Sv = πve
U1(t)

∴
d

dt
(eU1(t)Sv) = (πv)U1e

U1(t)

Integrating with respect to t yields

eU1(t)Sv = K2 +

∫ t

0

(πv)e
U1(t) ⩾ 0

Sv = K2e
−U1(t) + e−U1(t)

∫ t

0

(πv)e
U1(t) ⩾ 0 (6)

Hence,the entire model solution {Sh(t), Eh(t), Ih(t),
Rh(t), Sv(t), Iv(t)} of the LFD model is positive for
all t ≥ 0

Theorem 2 The entire human and vector popula-
tion of the LFD model which is given as

Nh(t) ⩽
πh

µh
, Nv(t) ⩽

πv − σvIv
µv

satisfying the initial condition of the LFD model
with the assumption of the LFD model satisfies

Nh(0) ⩽
πh

µh
, Nv(0) ⩽

πv − σvIv
µv

The combined population of human and vector
at any given time t which is given by

Nh(t) = Sh(t) + Eh(t) + Ih(t) +Rh(t)

and
Nv(t) = Sv(t) + Iv(t)

Hence, the derivatives of the solutions of the system

are obtained as dNh(t)
dt and dNv(t)

dt which is given as

dNh(t)

dt
= πh − µhNh − dhIh ⩽ πh − µhNh

and

dNv(t)

dt
= πv − µvNv − σvIv ⩽ πv − µvNv
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Table 1: Description of State Variables and Parameters

State Variables Description

Nh Total human population.
Nv Total vector population.
Sh Total number of Susceptible human population at time t,
Sv Total number of Susceptible vector population at time t,
Eh Exposed population of human at time t.
Ih Infected population of human at time t.
Iv Infected population of vector at time t.
Rh Recovered population at time t.

Parameters Description
πh Recruitment rate of human population.
πv Recruitment rate of vector population.
µh Natural death rate of human population.
µv Natural death rate of vector population.
αh Infection rate.
ζ Loss of immunity rate of recovered population.
σv Rodent control measure.
βhv Transmission probability of Susceptible rodent with infected humans.
βvh Transmission probability of Susceptible humans with infected rodent.
d Possible disease induced death.
κh Rate at which Lassa Exposed individual becomes Infected.

State variables σv and dh are negligible. Then, ap-
plying the Gronwall’s inequality gives

Nh(t) ⩽ +
πh

µh
(Nh(0)−

πh

µh
)e−µh(t)wheneverNh(0) ⩽

πh

µh

and

Nv(t) ⩽
πv

µv
+(Nv(0)−

πv

µv
)e−µv(t)wheneverNv(0) ⩽

πv

µv

The above shows that the region for the LFD model
exists and is bounded.

Equilibrium Points

The model has two equilibrium points for the sys-
tem of equation (1):

1. The Lassa free Equilibrium (LFE) L0 occurs
when the community do not have prevalent
cases of Lassa Fever disease infection. Which
is given by L0 = (S0

h, 0, 0, 0, S
o
v , 0) where

S0
h =

πh

µh
, So

v =
πv

µv
(7)

2. The Lassa endemic Equilibrium (LEE) L1

occurs when their is prevalence of cases
of Lassa Fever disease infection in the
community. Which is given by L1 =
(S∗

h, E
∗
h, I

∗
h, R

∗
h, S

∗
v , I

∗
v ) where

S∗
h =

((σv + µv) (µh + κh) (dh + µh + αh))U3

κhβhv(U2)
(8)

S∗
v =

U3

βvh(U2)
(9)

E∗
h =

(dh + µh + αh)U5

βhv(U2)κh
(10)

I∗h =
− (ζ + µh)U1

βhv(U2)
(11)

I∗v =
U4

(µv + σv) (U3)βvh
(12)

, R∗
h =

(U1)αh

βhv(U2)
(13)

where;

U1 = −µv(µv + σv)µh
3 − µv(µv + σv)×

(dh + αh + κh)µh
2 − µvκh(µv + σv)×

(dh + αh)µh + πhπvβhvβvhκh

U2 = (µv + σv)µh
4 + (µv + σv)κh+

(µv + σv)(ζ) + (dh + αhσv + (dh + αh)µv+

πvβvh)µh
3 + (((µv + σv)(ζ) + (dh + αh)σv+

(dh + αh)µv + πvβvh)κh + ((dh + αh)σv+

(dh + αh)µv + πvβvh)(ζ) + πvβvh(dh + αh))µh
2+

((((dh + αh)σv + (dh + αh)µv+

πvβvh)(ζ) + πvβvh(dh + αh))κh+

(ζ)πvβvh(dh + αh))µh + (ζ)πvβvhdhκh

U3 = µh
3µv + µv(ζ + dh + αh + κh)µh

2+

(((ζ + dh + αh)κh + (ζ) (dh + αh))µv+

πhβhvκh)µh + (ζ)κhπhβhv + dhµv
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(a) (b) (c)

(d)

Figure 4: Case of the persistence of Lassa Fever disease for 2014-2017

U4 = −(ζ + µh)(µv(µv + σvµh
3 + µv(µv + σv)×

(dh + αh + κh)µh
2 + µvκh(µv + σv)×

(dh + αh)µh − πhπvβhvβvhκh)

U5 = −µv(σv + µv)µh
3 + µv(σv + µv)×

(κh+dh+αhµh
2+µvκh(dh+αh)×

(σv + µv)µh − πhπvβhvβvhκh(ζ + µh)

Basic Reproduction Number

Basic reproduction number R0 of LFD model
equation is transmission index controlled by
the interaction between index case and sec-
ondary cases. Using next generation matrix
described by (Diekmann et al., 1990; Van den
Driessche and Watmough, 2002) to calculate
basic reproduction of system of equation (1).
Such that we define matrices F and V as in-
flow and outflow from compartments, i:e ap-
pearance rate of new infection and transfer of

infections given below.

F =

βvhShIv
0

βhvSvIh


and

V =

 (µh + κh)Eh

−κhEh + (dh + µhEh + αh)Ih
(µv + σv)Iv


Which can be rewritten as

F =


0 0 βvhS

∗
h

0 0 0

0 βhvS
∗
v 0



V =


µh + κh 0 0

−κh µh + dh + αh 0

0 0 σv + µv


The largest eigenvalue called spectral radius
ρ(FV −1) is R0. Since existence of infection is
isolated to human community, reproduction
number given below:

FV −1 =


0 0 βvhπh

µh(µv+σv)

0 0 0

βhvπvκh

µv(µh+κh)(dh+µh+αh)
βhvπv

µv(dh+µh+αh)
0

 (14)
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(a) (b)

(c) (d)

Figure 5: Case of the persistence of Lassa Fever disease for 2018-2024

and has three eigenvalues

λ(1) = 0, λ(2) =

√
µhµv (µh + κh) (dh + µh + αh) (µv + σv)βhvπvκhβvhπh

µv (µh + κh) (dh + µh + αh)µh (µv + σv)
(15)

λ(3) = −
√
µhµv (µh + κh) (dh + µh + αh) (µv + σv)βhvπvκhβvhπh

µv (µh + κh) (dh + µh + αh)µh (µv + σv)
(16)

Thus, basic reproduction number R0 the spectral radius is dominant maximum eigenvalue of FV −1

which is given by

R0 =

√
µhµv (µh + κh) (dh + µh + αh) (µv + σv)βhvπvκhβvhπh

µv (µh + κh) (dh + µh + αh)µh (µv + σv)
(17)

Hence, basic reproduction number of Lassa fever
disease prevalence is average secondary infections
caused by single infected individual during his/her
entire period of infectiousness in the community.

Stability Analysis

Theorem 3 The Lassa free equilibrium L0 is lo-
cally asymptotically stable when R0 < 1 and unsta-
ble when R0 > 1.

The Jacobian matrix which is evaluated at L0 is given by

J(L0) =



−µh 0 0 ζ 0 −βvhπh

µh

0 −µh − κh 0 0 0 βvhπh

µh

0 κh −dh − µh − αh 0 0 0

0 0 αh −ζ − µh 0 0

0 0 −βhvπv

µv
0 −µv 0

0 0 βhvπv

µv
0 0 −σv − µv


(18)

From the values of all the diagonal entries of |J(L0)| of (18). We use the upper triangular matrix principle
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(a) (b)

(c) (d)

Figure 6: Number of Confirmed cases with case of fatality (CFR) by state, week 25 2024

Figure 7: Trend of reported and confirmed cases of Lassa fever disease 2019-2024

Coelho and Milies (1993). Therefore, the determinant det(J(L0) − λI) = 0 which is the product of its
diagonal entries becomes:

J(L0) =



−µh 0 0 ζ 0 −βvhπh

µh

0 −µh − κh 0 0 0 βvhπh

µh

0 0 −dh − µh − αh 0 0 0

0 0 0 −ζ − µh 0 0

0 0 0 0 −µv 0

0 0 0 0 0 −σv − µv


Its eigenvalues are

λ(1) = −µh, λ
(2) =

−σv − µv, λ
(3) = −µv

, (19)

λ(4) = −µh − κh, λ
(5) =

−dh − µh − αh, λ
(6) = −ζ − µh

(20)

Since the values of λ(1) < 0, λ(2) < 0 λ(3) < 0,
λ(4) < 0, λ(5) < 0 and λ(6) < 0 have no positive
signs, hence the equilibrium point R0 < 1, then L0

is asymptotically stable.

Theorem 4 The Lassa endemic equilibrium L1 is
locally asymptotically stable when R0 < 1 and un-
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Table 2: Description of State Variables, Parameters Values and Reference used.

Parameters Value Reference

πv 500 [6]
πh 2000 [6]
βvh 0.7 Assumed
βhv 1.8 Assumed
µv 0.6 [24]
µh 0.2 [24]
αh 0.039 [24]
σv 0.046 [24]
dh 0.02 [50]
ζ 0.2 [50]
κh 0.018 [57]

stable when R0 > 1. The Jacobian matrix which is evaluated at L1

is given by

J(L1) =



−βvh iv − µh 0 0 ζ 0 −βvhS
∗
h

βvh iv −µh − κh 0 0 0 βvhS
∗
h

0 κh −dh − µh − αh 0 0 0

0 0 αh −ζ − µh 0 0

0 0 −βhvS
∗
v 0 −βhv ih − µv 0

0 0 βhvS
∗
v 0 βhv ih −σv − µv


(21)

Then Eq.(21) becomes

J(L1) =



−βvh iv − µh 0 0 ζ 0 −βvhS
∗
h

βvh iv −µh − κh 0 0 0 βvhS
∗
h

0 κh −dh − µh − αh 0 0 0

0 0 αh −ζ − µh 0 0

0 0 −βhvS
∗
v 0 −βhv ih − µv 0

0 0 βhvS
∗
v 0 βhv ih −σv − µv


(22)

where

A1 =


−βvh iv − µh 0 0

βvh iv −µh − κh 0

0 κh −dh − µh − αh



A2 =


−ζ − µh 0 0

0 −βhv ih − µv 0

0 βhv ih −σv − µv


The matrix J(L1) and its eigenvalues a diagonal
bloc matrix. Hence, the eigenvalue of first bloc
named A1 becomes

λ(1) = −µh − κh < 0 (23)

λ(2) = −βvh iv − µh < 0 (24)

λ(3) = −dh − µh − αh < 0 (25)

While eigenvalue of fourth bloc named A2 becomes

λ(4) = −σv − µv < 0 (26)

λ(5) = −βhv ih − µv < 0 (27)

λ(6) = −ζ − µh < 0 (28)

from the values of λ(1) < 0, λ(2) < 0, λ(3) <
0, λ(4) < 0, λ(5) < 0, λ(6) < 0, It is clear the L1

have no positive sign, hence the endemic equilib-
rium (L1) is locally asymptotically stable.

Numerical Simulation

In this section, critical Numerical simulations for
Lassa fever disease model were performed using

FUDMA Journal of Sciences (FJS) Vol. xx No. xx, mm, yyyy, pp xx -xx 14



MATHEMATICAL MODEL OF . . . Olupitan et al FJS

(a) (b)

(c) (d)

Figure 8: Case of the persistence of Lassa fever disease

parameter values in tables showing prevalence of
Lassa with regards to number of recorded cases on
weekly basis from January 2014 to December 2020.
LFD model parameter sourced from existing liter-
ature where available for use, while other model
parameter were logically estimated for illustration
to fit model analysis. Coupled with Lassa fever in-
fection data spreadsheet for Ondo State, Nigeria
sourced from Ondo State Ministry of health and
Nigeria Centre for Disease control (NCDC). Pro-
gram codes with ODE45 were written and imple-
mented on MATLAB encoded solver to simulate
Lassa fever disease model system using parameters
values.

Our model (i) was applied to study the dynam-
ics of Lassa fever disease in Ondo State, Nigeria.
The released weekly outbreak data by the Nigeria
Center for Disease Control (NCDC) are used for
the fitting. We specifically used cumulative num-
ber of reported and active cases for data and model
fitting. Which we implemented in our model, con-
ducting numerical simulations for epidemic period
starting from when index case was announced in
Ondo State.

Model fitting

For our LVD model fitting, we used a genetic algo-
rithm (GA) as function optimizer which was imple-
mented in MATLAB; the GA algorithm enables us
find an accurate starting value of estimated param-
eters and a correct basin of attraction. Enabling
adequate use of fmincon function in MATLAB’s
Optimization Toolbox. By combining these two op-
timization algorithms for LVD model data fitting,
both GA algorithm and fmincon algorithm in MAT-
LAB got more accurate estimation. After which
our model fitting was implemented for the cumula-
tive epidemic period from the announcement of the
index case in Onso State.

The data used for this analysis is a daily report
on the ravaging Lassa fever(LFD) collected from
the Nigeria Centre for Disease Control (NCDC) and
Ondo State Public Health (OSPH)

DISCUSSIONS

Numerical model parameters of Lassa fever disease
(LFD) used in existing in literature with definitive
peculiarity of the model and its assumptions, while
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(a) (b)

(c) (d)

Figure 9: Case of the persistence of Lassa fever Disease with relation to time

other (LFD) model parameters were estimated for
purpose of illustrating model analyses to give a log-
ical interpretation. Pictures of dynamical behavior
of LFD in specified population, giving the presence
of movement of susceptible human in relation to
susceptible vector by the numerical simulations of
the model (1). Where all the numerical simulations
were executed in MAPLE 18

Fig. 6(a) confirmed that number of susceptible
human continues to increase rapidly with the ex-
posed human as time progresses because the con-
tact rate on secondary infection will increase as
days progresses 100days. While Fig. 6(b) shows
that susceptible human and infected human keeps
increasing as the days progressing, which in fact sig-
nify the number of infected human. Fig. 7 shows
the impact of persistence of the disease with rela-
tion to time.

CONCLUSION

In this paper, we describe mathematical model
of Lassa Fever disease transmission dynamics, our
model consist of six compartments with four hu-

man population and two vector . Susceptible hu-
man are mutually exclusive with Infected vectors
who are assumed not to recover and can be re-
moved by predators and by pest control measures
by human activities. The Lassa Free Equilibrium
(LFE) and Lassa Endemic Equilibrium (LEE) ex-
ist in the model which are locally stable at equi-
librium. Transmission dynamics shows the effect
of the Basic Reproduction number and the graphs
also shows the effect of transmission dynamics in
relation with time. The solution of the system of
equation was tested to be positive and bounded
at all time t. We investigated qualitative analysis
by deriving the equilibrium points and its stability.
The numerical simulation reflects the transmission
trend of lassa fever in prevailing communities as
seen in the weekly prevalence report showing that
fighting against the disease requires effective ap-
proach of proper disposal waste and hygienic living
as suggested to Ondo State ministry of health and
department of public health services for awareness
and education.
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