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1Laboratory of Biomathematics and Forest Estimation, University of Abomey-Calavi, Cotonou, Benin

2Department of Mathematics, Faculty of Sciences and Technics, University of Abomey-Calavi, Cotonou, Benin

3Department of Biochemistry and Biotechnology, Kwame Nkrumah University of Science and Technology,

Kumasi, Ghana

Copyright © 2024 the author(s). This is an open access article distributed under the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract. Lassa fever, a fatal zoonotic hemorrhagic disease caused by the Lassa virus, persists as a significant

health concern in West Africa. Despite ongoing efforts to mitigate its impact, both the incidence and mortality

rates remain alarmingly high, posing a potential risk of a global spread. Recent studies have focused on under-

standing the dynamic behaviour of Lassa fever. However, the ecological relationship between the reservoir host

(rodents) and humans, involving factors such as rodent predation and migration, remains inadequately understood.

In this study, we developed and analysed a non-linear mathematical compartmental model for Lassa fever, incorpo-

rating both human and rodent populations together with an infested environment. Rodent predation was modelled

using the Holling type II functional response. We rigorously established key properties of the model, including

the existence of solutions, boundedness, and positivity. The reproduction number (R0) was determined using the

next-generation method. Additionally, a sensitivity analysis of model parameters was conducted, utilising the

Normalized Forward Sensitivity Index to identify the most influential processes affecting the disease threshold and

critical factors for effective infection control. Numerical analysis of the total infected human population performed
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using the odeint function in Python programming revealed several insights. Notably, human-to-human transmis-

sion became predominant when the contact rate exceeded 50%. The infected human population experienced a

drastic decline when the rate of rodent migration exceeded 50%. In addition, we observed that rodent predation

led to an initial surge in human infections. The findings of this study underscore the importance of implement-

ing strategies that prioritise minimising environmental transmission, human-to-human contact, mitigating rodent

predation, and increasing rodent migration to effectively control and prevent the transmission of Lassa fever.

Keywords: Holling type II functional response; rodent predation; migration; sensitivity analysis.

2020 AMS Subject Classification: 92D30.

1. INTRODUCTION

Lassa fever (LF), a fatal zoonotic hemorrhagic infection, is a neglected tropical disease en-

demic in the West African countries of Benin, Ghana, Guinea, Liberia, Mali, Sierra Leone,

and Nigeria. The widespread presence of the animal host suggests that all countries within the

region are at risk of contracting the disease [1]. LF stands out among the numerous zoonotic

diseases present in the African region due to its complex characteristics that interact to cre-

ate a significant public health challenge. In 2015, the World Health Organization recognised

the significance of LF and designated it among the list of ”top priority pathogens” to prioritise

for research and developmental activities due to its high mortality rate and epidemic potential.

Since then, the disease has been included in subsequent lists of priority diseases published by

WHO [2]. The annual incidence of LF stands at 300,000–500,000 cases with 5,000 deaths [3].

However, a recent modelled study [4] has shed new light on the burden of LF, predicting an es-

timated 897,700 to 4,383,600 individuals infected annually, revealing a far greater impact than

previously estimated.

LF originated from the Nigerian town of Lassa in Borno State and was categorised as a vi-

ral hemorrhagic fever in 1969 following the tragic deaths of two missionary nurses [5]. The

causative agent of LF is the Lassa virus (LASV), a member of the Arenaviridae family, which

manifests in a range of clinical presentations. Rodents, especially the multimammate rat, har-

bour the LASV virus, and human infection often occurs through contact with rodent excreta or

bodily fluids of infected individuals. The disease can also spread through contaminated food,

the consumption of infected rodents, and exposure to virus particles (aerosol). Infections with
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LF in humans trigger a broad spectrum of reactions, ranging from mild fever to severe hem-

orrhagic manifestations. According to the Centers for Disease Control and Prevention (CDC),

the presentation of symptoms in LF can differ significantly among individuals. Approximately

80% of human LF cases display mild or undetectable symptoms, whereas the remaining 20%

of cases experience severe manifestations, including respiratory problems, vomiting, and shock

[6].

Mathematical modelling is central to infectious disease as it can create virtual environments

to explore the detailed complexities underlying disease dissemination. Past mathematical mod-

elling studies [7, 8, 9, 10, 11, 12, 13, 14, 4, 15, 16, 17, 18, 19] have made strides in providing

insights into the transmission dynamics of LF and the potential impact of interventions and

future outbreaks. Notably, studies have established that environmental factors, such as rain-

fall, relative humidity, temperature, and landscape, significantly influence the dynamics of virus

circulation by altering the ecological suitability for its transmission [20]. Also, the migratory

behaviour of rodents plays a crucial role, as these environmental conditions directly influence it

[21, 22]. During the dry season, rodents migrate to areas near human settlements for breeding

and hibernation, intensifying human-rodent contact and elevating the risk of LF transmission.

This migration becomes a critical link in the chain of LF transmission, as the increased prox-

imity between rodents and humans creates a higher probability of acquiring LF infection. Fur-

thermore, socioeconomic and human behavioural factors, including demographics, education,

occupation, and income, contribute significantly to the spread of LF [23]. Communities lacking

essential amenities, grappling with malnutrition, residing in unclean environments, facing inad-

equate health facilities, and struggling with poor personal hygiene are particularly vulnerable to

LF outbreaks. Also, rodent consumption behaviour by humans poses a significant threat to the

incidence and spread of LF.

Despite the progress made, the ecological relationship between the human host and the an-

imal vector (rodents) and its impact on LF transmission dynamics remain poorly understood.

Therefore, this study aims to understand the transmission dynamics of LF in the ecological

context of animal and human host interactions. Specifically, we want to know how intensified

human predation on rodents influences the dynamics of Lassa fever transmission and what role
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the migration of rodents plays in the disease’s spread. To achieve this, we developed a simplified

eco-epidemic model for LF that incorporates humans, rodents(rats) and ecological dimensions

of disease transmission. The rest of this study is structured as follows: Section 2 describes the

model formulation and assumptions. Section 3 covers model analysis, which includes establish-

ing the basic properties of the model, the basic reproduction number, and sensitivity analysis.

Section 4 focuses on numerical analysis, while Section 5 presents the conclusion and recom-

mendations.

2. MATHEMATICAL MODEL FORMULATION AND ASSUMPTIONS

The formulated model considers two host populations: the human population Nh(t) and the

rodent population Nr(t). The human host population is stratified into three mutually exclusive

epidemiological classes: Susceptible humans (Sh), Infected humans (Ih), and Recovered humans

(Rh), such that

Nh(t) =Sh(t)+ Ih(t)+Rh(t).(1a)

Similarly, the rodent population is stratified into Susceptible individuals Sr(t) and infectious

rodents Ir(t) such that

Nr(t) =Sr(t)+ Ir(t).(1b)

In this model, the role of the environment in spreading the Lassa virus is taken into account.

The concentration of Lassa virus pathogens found on surfaces or objects in the environment

is represented by V (Figure 1). This occurs due to the shedding of the virus from infected

individuals or mastomy rats. The model is formulated based on the following set of assumptions

and considerations

A1 We assume logistic recruitment of rodents with an intrinsic growth rate b and an environ-

mental carrying capacity k. Rodent recruitment was assumed to be constant, simplifying

the analysis to a constant rate model. While this approach facilitates initial modeling, it

is important to acknowledge that actual rodent populations are influenced by complex

ecological factors, including variable birth and death rates. Consequently, the constant

recruitment assumption may limit the model’s predictive accuracy.
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A2 In the presence of LF disease, susceptible humans become infected in three ways: a.

while coming in contact with infected humans; b. while coming in contact with con-

taminated surfaces; c. while predating (hunting and consuming) infected rodents [24].

This study focuses on these pathways, however, it is essential to acknowledge the sim-

plified nature of this model. Critical transmission dynamics, including aerosol transmis-

sion, the potential role of other wildlife reservoirs, and the nuanced differences between

various human-to-human transmission contexts (e.g., household, hospital, mortuary),

are not explicitly considered and this may significantly impact the conclusions and the

generalizability of our findings.

A3 We assume that human predation on rodents, which serves as a transmission path-

way for Lassa fever, follows a Michaelis-Menten kinetics model with a Holling type-

II functional response. This model incorporates predation coefficients ( Pi > 0, where

i = 1,2,3,4), as well as a half-saturation constant (a > 0) that represents the rodent den-

sity at which the predation rate is half of its maximum. Additionally, the model includes

a handling time (h) that accounts for the time taken by humans to capture, consume, and

process rodents, and an efficiency factor (0 < q < 1) that represents the proportion of

consumed rodents that are effectively converted into human energy or biomass[25].

A4 The contact rate between humans, rodents, and infected environment is assumed to

follow a logistic-dose response curve, with η being the concentration of the Lassa virus

in the environment. As reported by [11], this concentration increases the chance of

triggering disease transmission by 50%.

A5 The human population has a constant recruitment rate Λh. Infected and recovered

classes do not reproduce and arise only from susceptible and infected classes, respec-

tively. Infected individuals can recover, but immunity is not permanent. Natural death

reduces both human and rodent populations. The assumption of a constant recruitment

rate for the human population however simplifies the dynamics of population changes

by neglecting fluctuations due to factors such as migration, varying birth rates, and sea-

sonal effects.
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A6 The Human-to-human and rodent-to-rodent disease transmission is assumed to follow a

standard incidence with the rates βh and βr, respectively. This indicates that the rate of

new infections is proportional to the product of the number of susceptible and infectious

individuals in each population. In essence, the more susceptible individuals there are in

a population, and the more infected individuals there are, the higher the likelihood of

disease transmission.

A7 We assume migration in rodent populations at the rates of m1 and m2, respectively. Also,

ecology suggests that m1 > m2 as susceptible prey are stronger as compared to infected

ones [26].This study assumes a constant rate of rodent migration, a simplification that

streamlines model development. However, this static approach overlooks the complex-

ity and dynamic nature of rodent movement, which is influenced by a complex interplay

of environmental and biological factors.

According to the above assumptions, we have the following model flow diagram (Figure 1).

FIGURE 1. Flow diagram of Lassa fever transmission dynamics describing the

interaction between humans and rodent population and virus-infested environ-

ment. Note: This study does not fully capture the transmission dynamics of LF.
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with

fr = βr
Ir

Nr
+β1

V
η +V

, fh = βh
Ih

Nh
+β2

V
η +V

, f1 =
SrSh

a+hSr
, f2 =

SrIh

a+hSr
, f3 =

IrSh

a+hIr
, f4 =

IrIh

a+hIr
.

From the model flow diagram in Figure 1, we have the following set of differential equations:

dSr

dt
= b

(
1− Nr

k

)
Sr−

βrSrIr

Nr
− β1V Sr

η +V
− P1SrSh

a+hSr
− (1−ξ )

P2SrIh

a+hSr
− (m1−µr)Sr,(2a)

dIr

dt
=

βrSrIr

Nr
+

β1V Sr

η +V
− P3IrSh

a+hIr
− (1−ξ )

P4IrIh

a+hIr
−µrIr−m2Ir,(2b)

dSh

dt
= Λh +ωRh−

βhShIh

Nh
− β2V Sh

η +V
+q

P1SrSh

a+hSr
+q

P3ShIr

a+hIr
−µhSh,(2c)

dIh

dt
= (1−ξ )q

P2SrIh

a+hSr
+(1−ξ )q

P4IrIh

a+hIr
+

βhShIh

Nh
+

β2V Sh

η +V
− (γh +µh +δh) Ih,(2d)

dRh

dt
= γhIh−ωRh−µhRh,(2e)

dV
dt

= θ1Ih +θ2Ir−δvV.(2f)

with the initial conditions Sr(0)> 0; Ir(0)≥ 0; Sh(0)> 0; Ih(0)≥ 0; Rh(0)≥ 0; V (0)≥ 0 and

all the parameters of the model are positive.

The state variables and parameters of the model are presented in Tables 1 and 2, respectively.

TABLE 1. Description of state variables of the Lassa fever model

State Variable Description

Sr Density of Susceptible rodents

Ir Density of Infected rodents

Sh Density of Susceptible humans

Ih Density of Infected humans

Rh Density of Recovered humans

V Contaminated environments or surfaces with Lassa virus
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TABLE 2. Description Parameters of the Lassa fever model

Parameters Description

b(Λh) Rate of recruitment of rodents (humans)

k Environmental carrying capacity for rodent

βr(βh) Disease transmission rate in rodents (humans)

β1(β2) Rodent (Humans) contact rate with infested environment

δh Disease-induced death rate in humans

µr(µh) Rodents (Humans) natural death rates

γh Recovery rate of infected humans

ω Rate at which immunity wanes in humans after recovery

m1(m2) Rate of migration of Susceptible (Infected) rodents

η(δv) LASV Concentration rate in the environment (virus decay)

θ1(θ2) Virus shed in the environment by infected rodents (infected humans)

q(a) Efficiency of rodent predation (Half saturation constant)

h Rodent handling time by humans

ξ Fraction of Symptomatic infectious humans

P1(P2) Rate of predation of Susceptible Rodent by Susceptible(Infected) humans

P3(P4) Rate of predation of Infected Rodent by Susceptible (Infected) humans

3. MAIN RESULTS

3.1. Basic properties of the model.

3.1.1. Existence.

Theorem 1. Under assumptions on initial conditions, system (2a)– (2f) admits a unique

global solution (Sr(t), Ir(t),Sh(t), Ih(t),Rh(t),V (t)) defined on R6.

Proof. The Cauchy-Lipschitz theorem in [27] ensures the existence and uniqueness of a local

(extended to global) solution to the system (2a)– (2f) on the interval [0,Tmax[ given the regularity

of the functions involved in the model.
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3.1.2. Boundedness.

In theoretical eco-epidemiology, the boundedness of a system implies that the system is bi-

ologically valid and well-behaved. The following lemma ensures the boundedness of the sys-

tem (2a)– (2f). Here, we prove that each of the subsystems—the rodent population, the human

population, and the infested environment—is bounded.

Lemma 1. All solutions of subsystem (2a)– (2b) that start in R are uniformly bounded within

the region Ωr = (Sr, Ir) ∈ R2, where 0≤ Nr(t)≤ kb
µr

Proof. Let Nr represent the total rodent population such that Nr = (Sr + Ir). Then,

dNr

dt
=

dSr

dt
+

dIr

dt
.

From the Equations (2a) – (2b),

dNr

dt
= b

(
1− Nr

k

)
Sr−

P1SrSh

a+hSr
− (1−ξ )

P2SrIh

a+hSr
− (m1 +µr)Sr−

P3IrSh

a+hIr
− (1−ξ )

P4IrIh

a+hIr
−

(µr−m2)Ir.

This implies that
dNr

dt
≤ b

(
1− Nr

k

)
Sr− (m1 +µr)Sr− (µr−m2)Ir

dNr

dt
≤ bSr−µrSr−µrIr

dNr

dt
≤ bSr−µrNr

and since Sr ≤ k, one can deduce that

dNr

dt
≤ bk−µrNr.

Now, applying the comparison principle for ODEs[28], we get

Nr(t)≤ e
∫ t

0−µr ds
[

Nr(0)+
∫ t

0
e
∫

τ

0 µrdv(bk)dτ

]

Nr(t)≤ e−µrt
[

Nr(0)+
∫ t

0
eµrτ(bk)dτ

]
≤ e−µrt

[
Nr(0)+

bk
µr

[eµrt−1]
]

≤ e−µrtNr(0)+
bk
µr
− bk

µr
e−µrt
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Nr(t)≤
bk
µr

+

(
Nr(0)−

bk
µr

)
e−µrt .

As t→∞, Nr(t)→ bk
µr

and in consequence, 0≤ Nr(t)≤ bk
µr

. Hence, all solutions of the system

will stay in the region Ωr = (Sr, Ir) ∈ R2 with 0≤ Nr(t)≤ kb
µr

.

In the following, we give proof of boundedness for the Human population.

Lemma 2. All solutions of subsystem (2c)– (2e) that start in R are uniformly bounded within

the region Ωh = (Sh, Ih,Rh) ∈ R3 where 0≤ Nh(t)≤ Λh
µh

.

Proof. Let Nh be the total human population such that Nh = (Sh + Ih +Rh). Then,

dNh

dt
=

dSh(t)
dt

+
Ih(t)
dt

+
Rh(t)

dt
.

From the Equations (2c)– (2c),

dNh

dt
= Λh +q

P1SrSh

a+hSr
+q

P3ShIr

a+hIr
+(1−ξ )q

P2SrIh

a+hSr
+(1−ξ )q

P4IrIh

a+hIr
−δhIh−µhRh

−µhSh−µhIh

which yields
dNh(t)

dt
≤ Λh−δhIh−µhRh−µhSh−µhIh

dNh(t)
dt

≤ Λh−δhIh− (Sh + Ih +Rh)µh

≤ Λh−Nhµh.

We can now invoke the comparison principle for ODEs to conclude that

Nh(t)≤ e
∫ t

0−µh ds
[

Nh(0)+
∫ t

0
e
∫

τ

0 µhdv(Λh)dτ

]
Nh(t)≤ e−µht

[
Nh(0)+

∫ t

0
eµhτ(Λh)dτ

]
≤ e−µht

[
Nh(0)+

Λh

µh
[eµht−1]

]
≤ e−µhtNh(0)+

Λh

µh
− Λh

µh
e−µht

Nh(t)≤
Λh

µh
+

(
Nh(0)−

Λh

µh

)
e−µht .

Letting t→ ∞, we have Nh(t)→ Λh
µh

and then 0≤ Nh(t)≤ Λh
µh

.
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The following result proves the boundedness of contaminated surfaces or environments.

Lemma 3 All solutions of subsystem (2f) that start in R are uniformly bounded within the

region Ωv = (V ) ∈ R, where 0≤ NV ≤ 1
δv

(
θ1

Λh
µh

+θ2
kb
µr

)
.

Proof. Let Nv be the total contaminated surfaces or environment, such that Nv =V . Then,

dNv

dt
=

dV
dt

.

From the Equations (2f),

dNv

dt
= θ1Ih +θ2Ir−δvV

≤ θ1Ih +θ2Ir−δvNv.

From Lemmas 1 and 2, we have already established that the state variables Ir and Ih are bounded.

Thus, 0≤ Ih ≤ Λh
µh

and 0≤ Ir ≤ kb
µr

. Therefore,

dNv

dt
≤ θ1

Λh

µh
+θ2

kb
µr
−δvNv

Using a similar argument as in previous lemmas, we get

Nv(t)≤ e
∫ t

0−δvds
[

Nv(0)+
∫ t

0
e
∫

τ

0 δvdv
(

θ1
Λh

µh
+θ2

kb
µr

)
dτ

]

Nv(t)≤ e−δvt
[

Nv(0)+
(

θ1
Λh

µh
+θ2

kb
µr

)∫ t

0
eδvτdτ

]

Nv(t)≤ e−δvt
[

Nh(0)+
(

θ1
Λh

µh
+θ2

kb
µr

)
1
δv
[eδvτ ]t0

]

≤ e−µht
[

Nv(0)+
(

θ1
Λh

µh
+θ2

kb
µr

)
1
δv
[eµht−1]

]

≤ e−δvtNv(0)+
(

θ1
Λh

µh
+θ2

kb
µr

)
1
δv
−
(

θ1
Λh

µh
+θ2

kb
µr

)
1
δv

e−δvt

≤
(

θ1
Λh

µh
+θ2

kb
µr

)
1
δv

+

(
Nv(0)−

(
θ1

Λh

µh
+θ2

kb
µr

)
1
δv

)
e−δvt .

We then conclude as t goes to ∞ that 0≤ Nv(t)≤ 1
δv

(
θ1

Λh
µh

+θ2
kb
µr

)
and consequently, all solu-

tions of the system will stay in the region ΩV =V ∈ R satisfying 0≤ NV ≤ 1
δv

(
θ1

Λh
µh

+θ2
kb
µr

)
.



12 AGBI, DOUMATÈ, OPOKU, KAKAÏ

Remark 1. From the result of boundedness of solutions, one can state that the set Ω =

Ωh×Ωr×ΩV is an invariant and absorbing set for system (2a)– (2f) together with its initial

conditions, where

Ωh =
{

Ωr =
{
(Sr, Ir) ∈ R2

+

}
, (Sh, Ih,Rh) ∈ R3

+

}
, ΩV =

{
(V ) ∈ R1

+

}
such that,{

0≤ Nr(t)≤
kb
µr

,0≤ Nh(t)≤
Λh

µh
,0≤V (t)≤

(
θ1

Λh

µh
+θ2

kb
µr

)
1
δv

}
is positive invariant.

3.1.3. Positivity of solutions. Theorem 2. All solutions of the model (2a)– (2f) with initial

conditions are positive for all time t.

Proof. To prove this theorem, we shall show that each variable Sr, Ir,Sh, Ih,Rh,V of the

model (2a)– (2f) is nonnegative for all t ≥ 0. From equation (2a) and after removing all the

positive terms from the right-hand side of the differential equation, we have the following dif-

ferential inequality:

dSr

dt
≥−

(
bS2

r +bSrIr

k
+βr

SrIr

Nr
+β1

V Sr

η +V
+

P1SrSh +(1−ξ )P2SrIh

a+hSr
+m1Sr +µrSr

)
.

Then,

−dSr

dt
≤ Sr (bSr +bIr +βrIr +β1V +P1Sh +(1−ξ )P2Ih +m1 +µr) .

Let Q1 = bIr +βrIr +β1V +P1Sh +(1−ξ )P2Ih +m1 +µr. Then, the inequality becomes

−
(

dSr

dt

)
≤ Sr (bSr +Q1)

and one can write ∫ 1
Sr (bSr +Q1)

dSr ≥−
∫

dt.

By partial fraction decomposition, we have∫ 1
Q1Sr

dSr +
∫ −b/Q1

bSr +Q1
dSr ≥−

∫
dt.

Hence,

Sr(t)≥
AQ1e−Q1t

1−Abe−Q1t where, A = eQ1Q2 .

We can conclude that Sr(t) is positive for all t > 1
Q1

ln(bA) given that Q1 > 0, b > 0, and A > 0.

From the above proof, we have demonstrated that Sr(t)> 0, for all t ≥ 0, then, we can generalise
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that all the other variables in the model (2b)– (2f); Ir(t), Sh(t), Ih(t), Rh(t) and V (t)) are also

positive for the same time interval.

3.2. Mathematical analysis of the model.

Disease-Free Equilibrium States. The disease-free equilibrium (DFE) state of the model occurs

when there is no Lassa fever infection. Thus, in the absence of Lassa fever in the system given

by equations (2a) – (2f), the variables related to infection (Ir, Ih, Rh, and V ) can be set to zero.

This simplifies the model, reducing equations (2a) – (2f) to the following:

bSr

(
1− Sr

k

)
−P1

SrSh

a+hSr
− (m1 +µr)Sr = 0(3a)

Λh +qP1
SrSh

a+hSr
−µhSh = 0.(3b)

Due to the mathematical complexity of equations (3a) –(3b), we solve the equations by making

assumptions. We consider different cases to facilitate the solvability.

3.2.1. Case where there is no hunting and consumption of rodents (no preying). Here, we as-

sume humans are not predating on rodents as such, the rate of predation P = 0. This assumption

is grounded in specific socio-cultural and regulatory factors. The rationale for adopting this

assumption stems from established rules and regulations in certain communities that explicitly

prohibit the hunting and butchering of rodents [29]. Solving the equations (3a)– (3b) for Sr and

Sh, we obtain the equilibrium point,

Sr = S̃r = k
(

1− m1 +µr

b

)
(4a)

Sh = S̃h =
Λh

µh
.(4b)

3.2.2. Case where the rate of predation of susceptible rodents is greater than zero but the

predation efficiency is zero (useless preying). In this context where P1 > 0 and q= 0, we assume

the existence of a certain degree of humans predating on rodents. However, the efficiency of

predation is zero. Assuming h > 0, one obtains from equation (3a):

S2
r −
(

S̃r−
a
h

)
Sr−

1
h

(
aS̃r−

P1k
b

Sh

)
= 0.(5a)
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This gives:

Sr =
1
2

[
S̃r−

a
h
±
√

∆0

]
(5b)

Sh = S̃h.(5c)

where ∆0 =
(
S̃r− a

h

)2
+ 4

h

[
aS̃r− P1K

b Sh

]
=
(
S̃r +

a
h

)2− 4P1k
hb Sh. Subsequently, the number of

equations depends on the values of ∆0:

• If ∆0 = 0, a singular solution exists.

• If ∆0 > 0, two solutions emerge.

• If ∆0 < 0, no solutions are found.

Substituting ∆0 = 0 into (5b), we have:

Sr =
1
2

[
S̃r−

a
h
±
√

∆0

]
=

1
2

[
S̃r−

a
h

]
.(5d)

Subsequently, Sh and Sr are given as follows:

Sr =
1
2

[
S̃r−

a
h

]
(5e)

Sh = S̃h.(5f)

For ∆0 > 0, the solutions for Sr are given by:

Sr =
1
2

[
S̃r−

a
h
+
√

∆0

]
(5g)

Sr =
1
2

[
S̃r−

a
h
−
√

∆0

]
.(5h)

3.2.3. Case where the rate of predation of susceptible rodents is greater than zero (useful prey-

ing). In this particular scenario where qP1 > 0, we assume active and successful predation of

susceptible rodents by susceptible humans. This assumption finds its rationale in communities

where humans engage in the active and successful hunting and butchering of rodents. Unlike

the preceding case, the reasons behind this active predation are multifaceted. According to [30],

hunting holds a significant cultural role as it represents not only a means of sustenance but a

deeply ingrained tradition. Additionally, the difficulty in accessing conventional meat sources

due to factors such as scarcity and poverty propels communities to actively pursue rodents as

supplementary food sources.
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Solving equation (3b) for P1
SrSh

a+hSr
to get P1

SrSh
a+hSr

= 1
q (µhSh−Λh). The latter is thus a constant

(not a function of Sr). We substitute it into equation (3a) to obtain:

S2
r − S̃rSr +

k
qb

(µhSh−Λh) = 0.(6a)

Setting ∆q = S̃2
r −4 k

qb (µhSh−Λh), we have Sr as a function of Sh:

Sr =
1
2

(
S̃r±

√
∆q

)
.(6b)

Now we can feed (6b) back into (3b) to obtain one equation in Sh only. This would lead to an

equation of degree 1.5. We can instead write both Sr and Sh in terms of ∆q to have a third-degree

polynomial in x =
√

∆q (x≥ 0) i.e., from equation (6b), k ∈ {−1,1},

Sr =
1
2
(
S̃r + kx

)
and(6c)

Sh = S̃h +
qb

4µhk

(
S̃2

r − x2) ,(6d)

we can successively write

Λh (a+hSr)+qP1SrSh−µhSh (a+hSr) = 0(6e)

Λh (a+hSr)+(qP1−hµh)SrSh−aµhSh = 0.(6f)

We can here distinguish two cases: qP1−hµh = 0 and qP1−hµh 6= 0.

Case qP1
h = µh: The equilibrium between successful predation rates over time and natural

human death rates suggests a stable state, indicating that humans are likely controlling rodent

populations at a rate similar to human mortality. This implies the potential for a relatively stable

rodent population over time.

From equation (6f), we have µhSh−Λh =
hΛh

a Sr, which plug back into (6a) leads to

Sr = S̃r−
hkΛh

aqb
and(7a)

Sh = S̃h

(
1+

h
a

Sr

)
.(7b)
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Case qP1
h 6= µh: Here, the total predation rate of humans on rodents is not equal to the natural

death rate of humans. From equation (6f), we have the cubic (in x):

Λh

(
a+

h
2
(
S̃r + kx

))
−aµh

[
S̃h +

qb
4µhk

(
S̃2

r − x2)]
+

1
2
(qP1−hµh)

(
S̃r + kx

)[
S̃h +

qb
4µhk

(
S̃2

r − x2)]= 0.(8)

One can use Cardano’s formula as applied in [31, 32] to solve (8).

3.3. Reproduction number and local stability of DFE. The basic reproduction number (R0)

is an important parameter used to study the behaviour of epidemiological models. It is defined

as the average number of secondary infections infected by an infective individual during an

infective period, provided that all members of the population are susceptible. If R0 < 1, then

on average, an infected individual produces less than one new infected individual throughout

its infectious period, and the infection cannot grow. Conversely, if R0 > 1, then each infected

individual produces, on average, more than one new infection, and the disease can invade the

population. Here, following the approaches of [33, 13], we applied the next-generation matrix

technique to obtain the basic reproduction number for Lassa fever disease.

GENERAL CASE

Let I denote the vector of the compartments involving infected individuals/material: I =

(Ir, Ih,V ). The corresponding subset of the LF model has the form İ = F(I)−W(I) where

F(I) =


(

βr
Ir
Nr

+β1
V

η+V

)
Sr(

βh
Ih
Nh

+β2
V

η+V

)
Sh +(1−ξ )qP2

Ih
a+hSr

Sr

0

 and

W(I) =


(

P3
Sh

a+hIr
+(1−ξ )P4

Ih
a+hIr

+gr

)
Ir(

−(1−ξ )qP4
Ir

a+hIr
+gh

)
Ih

−θ1Ih−θ2Ir +gvV

 .

with gr = µr +m2, gh = γh +µh +δh and gv = δv.

The Jacobian matrices of F and W evaluated at the DFE are respectively given by
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F =


βr 0 β1

Sr
η

0 βh +(1−ξ )qP2
Sr

a+hSr
β2

Sh
η

0 0

 and

W =


P3Sh

a +gr 0 0

0 gh 0

−θ2 −θ1 gv

 .

The basic reproduction number R0 is defined as the spectral radius sρ (largest eigenvalue) of

the next-generation matrix FW−1. We have

W−1 =
1

ghgv

(
P3Sh

a +gr

)


ghgv 0 0

0
(

P3Sh
a +gr

)
gv 0

−θ2gh −θ1

(
P3Sh

a +gr

)
gh

(
P3Sh

a +gr

)


Because the last row of F is null, we can ignore the last row and column of the next-generation

matrix FW−1 to obtain:

R0 = sρ

(
FW−1)= 1

ghgv

(
P3Sh

a +gr

)sρ(Q) where

Q =

 βrghgv−β1
Sr
η

θ2gh −β1
Sr
η

θ1

(
P3Sh

a +gr

)
−β2

Sh
η

θ2gh

[
βh +(1−ξ )qP2

Sr
a+hSr

](
P3Sh

a +gr

)
gv−β2

Sh
η

θ1

(
P3Sh

a +gr

)
 .

that is

(9) R0 =
1

2ghgv

(
P3Sh

a +gr

) (Q11 +Q22 +

√
(Q11−Q22)

2 +4Q12Q21

)
.

Having solved the Disease-Free Equilibrium (DFE) equation under various assumptions, we

used the derived equilibrium points to determine specific reproduction numbers from the general

number. Our specific focus lies on the equilibrium points acquired under two conditions: one

where we assumed no predation (p= 0) and another where there is efficient predation on rodents

(P> 0 and q= 0). We opt to work exclusively with these two cases as they offer a more intuitive

understanding, providing valuable insights into the behaviour of our system when there is and

isn’t predation.

Remark 2. Note that the linearized system at DFE is always cooperative and based on [34,
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Theorem 2.], the DFE of the model is locally asymptotically stable if R0 < 1 and unstable if

R0 > 1. The question of uniqueness and global stability turns out to be challenging due to the

complexity of our model, and we plan to explore these questions further in future works.

3.3.1. Basic reproduction number: Case where there is no hunting and consumption of ro-

dents. The basic reproduction number is expressed for the case where there is no predation of

susceptible rodents (P1 = 0) as:

(10) R0 =
1

2ghgv

(
P3Sh

a +gr

) (Q11 +Q22 +

√
(Q11−Q22)

2 +4Q12Q21

)
where

Q11 = βrghgv−β1
Sr

η
θ2gh

Q12 =−β1
Sr

η
θ1

(
P3Sh

a
+gr

)
Q21 =−β2

Sh

η
θ2gh

Q22 =

[
βh +(1−ξ )qP2

Sr

a+hSr

](
P3Sh

a
+gr

)
gv−β2

Sh

η
θ1

(
P3Sh

a
+gr

)

Sr = k
(

1− m1 +µr

b

)
,Sh =

Λh

µh
,gr = µr +m2,gh = γh +µh +δh,gv = δv.

3.3.2. Basic reproduction number: Case where there is efficient hunting and consumption

(predation) of rodents. The basic reproduction number for case where qP1
h = µh is expressed as:

(11) R0 =
1

2ghgv

(
P3Sh

a +gr

) (Q11 +Q22 +

√
(Q11−Q22)

2 +4Q12Q21

)
where

Q11 = βrghgv−β1
Sr

η
θ2gh

Q12 =−β1
Sr

η
θ1

(
P3Sh

a
+gr

)
Q21 =−β2

Sh

η
θ2gh

Q22 =

[
βh +(1−ξ )qP2

Sr

a+hSr

](
P3Sh

a
+gr

)
gv−β2

Sh

η
θ1

(
P3Sh

a
+gr

)



ECO-EPIDEMIOLOGY OF LASSA FEVER 19

Sr = k
(

1− m1 +µr

b

)
− hkΛh

aqb
, Sh =

Λh

µh

(
1+

h
a

Sr

)
,gr = µr +m2,gh = γh +µh +δh,gv = δv.

3.4. Sensitivity Analysis.

Sensitivity analysis was performed to explore parameters that contribute to the variability of

the Lassa fever infection, using the basic reproduction number as an index case. To determine

which parameters highly influence the reproduction number and following the approach in [35],

we performed the Forward Normalized Sensitivity Index (FNSI) implemented in the Python

programming language.

Definition 1. Let R0 be the reproduction number, which is a function dependent on a set of

parameters, Zi. The sensitivity index of Zi relative to R0 is defined as follows:

Γ
Zi
R0

=
∂R0

∂Zi
× Zi

R0
.

For our system, recall that the reproduction number is computed for cases where we assumed

that there is no predation on rodents at the DFE (P= 0) and the case where both there is efficient

predation (P> 0 and q> 0). Therefore, the sensitivity analysis is conducted for the two separate

reproduction numbers. The sensitivity indices are calculated and presented in Tables 4 and 5.

Additionally, visualisations in the form of tornado plots for the normalised sensitivity index are

presented in Figures 3 and 4.

3.4.1. Sensitivity analysis conducted for the reproduction number in the absence of rodent

predation. Table 3 presents the sensitivity values of R0 for the case where P = 0. Parameters

with positive indices will increase the reproduction number (R0) when they are increased, while

parameters with negative NFSI values will decrease (R0) when they are increased. We observe

that the rate of predation of infected rodents by susceptible humans (P3), handling time (h), virus

decay rate (δv), recovery rate of humans (γh), human recruitment rate (Λh), disease-induced

death rate (δh), predation of susceptible rodents by infected humans (P2), saturation constant

(a), and natural death rate of humans (µh) are most sensitive to (R0). This implies that when the

parameters with negative values (P3,h,δv,γh,δh,Λh) are increased, the rate at which the disease

would be transmitted from one individual to another will decrease, leading to a corresponding

decrease in the basic reproduction number (R0). Similarly, increasing the value of parameters
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with positive values (P2,a,q, µh) implies that the rate at which the disease would be transmitted

from one individual to another will increase, leading to a corresponding increase in the basic

reproduction number (R0).

FIGURE 2. Sensitivity indices for R0 in Case P = 0 with respect to each system parameter
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TABLE 3. Sensitivity of R0 to system parameters

Parameter Description Sensitivity

Value

b Recruitment rate of rodents 0.018

Λh Recruitment rate of humans -0.771

k Environmental carrying capacity for rodent -0.003

βr Disease transmission rate in rodents -0.000

βh Disease transmission rate in humans 0.060

β1 Rodents contact rate with infested environment -0.000

β2 Humans contact rate with infested environment -0.000

δh Disease-induced death rate in humans -0.811

µr Humans natural death rate -0.000

µh Rodents natural death rate 0.609

γh Recovery rate of infected humans -0.790

m1 Rate of migration by Susceptible rodents -0.018

m2 Rate of migration by Infected rodents -0.010

η Rate of Lassa virus Concentration in the environment 0.000

δv Rate of Lassa virus decay from the environment -0.780

θ1 Rate of virus shed in the environment by infected humans -0.000

θ2 Rate of virus shed in the environment by infected rodents -0.000

q Efficiency of predation 0.940

a Half saturation constant 0.773

h Rodent handling time by humans -0.943

ξ Fraction of Symptomatic infectious humans -0.235

P2 Rate of predation of Susceptible Rodent by Infected humans 0.940

P3 Rate of predation of Infected Rodent by Susceptible humans -0.771

R0 Basic reproduction number 2.165
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3.4.2. Sensitivity analysis conducted for the reproduction number under conditions of efficient

rodent predation. Table 3 presents the sensitivity values of R0 for the case where qP1
h = µh. Sim-

ilar to the interpretation of Table 3, in Table 4, parameters with positive normalised sensitivity

values will increase the reproduction number (R0) when they are increased, while parameters

with negative sensitivity values will decrease the reproduction number (R0) when they are in-

creased. We observe that the predation of infected rodents by susceptible humans (P3), handling

time (h), virus decay rate (δv), migration rate of susceptible and infected rodents (m1,m2), recov-

ery rate of humans (γh), human recruitment rate (Λh), disease-induced death rate (δh), predation

of susceptible rodents by infected humans (P2), saturation constant (a), and natural death rate

of humans (m1) are most sensitive to (R0). This implies that when the parameters with nega-

tive values (P3,h,δv,m2,γh,Λh) are increased, the rate at which the disease would be transmitted

from one individual to another will decrease, leading to a corresponding decrease in the basic

reproduction number (R0). Similarly, increasing the value of parameters with positive values

(P2,a,q, m1) implies that the rate at which the disease would be transmitted from one individual

to another will increase, leading to a corresponding increase in the basic reproduction number

(R0).

FIGURE 3. Sensitivity indices for R0 in Case P > 0 and q > 0 with respect to

each system parameter
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TABLE 4. Sensitivity of the R0 to system parameters

Parameter Description Sensitivity

Value

b Recruitment of rodents -0.001

Λh Recruitment of humans -0.866

k Environmental carrying capacity for rodent 0.091

βr Disease transmission rate in rodents -0.000

βh Disease transmission rate in humans 0.000

β1 Rodent contact rate with infested environment -0.000

β2 Humans contact rate with infested environment 0.000

δh Disease-induced death rate in humans -0.920

µr Humans natural death rate -0.012

µh Rodents natural death rate -0.00754

γh Recovery rate of infected humans -0.897

m1 Rate of migration by Susceptible rodents 0.344

m2 Rate of migration by Infected rodents -0.464

η Rate of Lassa virus Concentration in the environment -0.000

δv Rate of Lassa virus decay from the environment -1.000

θ1 Rate of virus shed in the environment by infected humans 0.000

θ2 Rate of virus shed in the environment by infected rodents -0.000

q Efficiency of predation 0.998

a Half saturation constant 0.428

h Rodent handling time by humans -0.907

ξ Fraction of Symptomatic infectious humans -0.250

P2 Rate of predation of Susceptible Rodent by Infected humans 0.999

P3 Rate of predation of Infected Rodent by Susceptible humans -0.520

R0 Basic reproduction number 1.858
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3.4.3. Comparative analysis of sensitivity results. Recall that this study approaches the so-

lution of the disease-free state equations by considering two scenarios: one where there is no

predation of susceptible rodents (referred to as Case 1) and another where humans actively en-

gage in consuming or preying on susceptible rodents (referred to as Case 2). Consequently,

we obtain two distinct disease basic reproduction numbers, each accounting for the respective

scenario described above. We also obtain separate sensitivity results for both reproduction num-

bers. In this section, we investigate how the sensitivity results differ between the two cases. We

observe that the two sensitivity results are very similar, as the parameters influencing the repro-

duction number (R0) in the first case closely align with those in the second case. However, the

parameters corresponding to the migration of rodents (m1,m2) are shown to be sensitive in the

second case but not in the first case. Migration of susceptible rodents (m1) is positively related

to R0, whereas the migration of infected rodents (m2) is negatively related to R0. Overall, our

comparative analysis reveals remarkable consistency between the sensitivity results for the two

scenarios.

4. NUMERICAL ANALYSIS AND DISCUSSION

To illustrate the theoretical findings, we present the numerical analysis result of the model in

this section. Following the results of the sensitivity analysis, we investigate the effect of key

parameters on the infected human and rodent populations, as well as the reproduction number.

The system described by equations (2a) – (2f) is integrated using the odeint function in the

Python programming language and simulated under a set of initial values and parameter values

in Table 5. We did not align the study with any specific country, so the parameter values were

generated from the literature. As a result, we used these values to establish the initial conditions

or values for state variables.

Figure 4 illustrates a disease-free state where no virus or Lassa fever is present in the sys-

tem. This state signifies the absence of infected humans or rodents, resulting in an uninfected

environment. In this scenario, there is no recovery in humans, as indicated in Figure 4A, with

Ir = Ih = Rh = V = 0, while Sr and Sh remain nonzero. Figures 4B and 4C demonstrate that

the susceptible human and rodent populations continue to grow rapidly in the disease-free state.

This is consistent with the behaviour of Lassa fever. As one expects, in the absence of infection
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and holding all other things constant, both human and rodent populations will continue to grow

exponentially.

In Figure 5, we present the numerical results of the model simulations for different parameters

in the infected human population. Notably, in Figure 5A, the results show that the fraction of

the infected human population is characterised by an exponential rise as we increase the rate of

rodent contact with the infested environment (β1). This occurs because increased contact can

lead to more infected rodents, as susceptible rodents are exposed to the Lassa virus deposited

in the environment [36, 37]. Consequently, humans may have frequent contact with infected

rodents, resulting in a high number of human infections.

Furthermore, as depicted in Figure 5B, an increase in the rate of virus deposition into the

environment by humans (θ1) results in a gradual rise in the fraction of the infected human pop-

ulation. This observation underscores the role of human activities in contributing to transmis-

sion dynamics. The findings highlight the importance of understanding and controlling factors

related to rodent contact and virus deposition to effectively manage the spread of Lassa fever.

In Figure 5C, we explore the impact of human-to-human transmission (βh) on the infected

human population. A reduction in the human-to-human transmission rate can result in a sig-

nificant decrease in the number of infected individuals. Notably, infected cases emerge only

when βh surpasses a critical threshold, below which the disease remains in an endemic state.

This emphasises that maintaining the transmission rate below 50% is crucial for minimising

the burden of the disease. This observation aligns with the findings of a prior study conducted

by [11], which also demonstrated a correlation between βh and the dynamics of infected in-

dividuals. The consistency between our results and those of [11] underscores the pivotal role

of this parameter in the surge of Lassa fever cases. Consequently, efforts to reduce person-to-

person contact become paramount in controlling the spread of the disease. These implications

are particularly relevant in hospital settings, where nosocomial outbreaks of Lassa fever have

been documented [38]. Encouraging measures to minimise direct contact with infectious indi-

viduals, especially in healthcare environments, is imperative to curb the risk of outbreaks and

protect both patients and healthcare workers.
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While in Figure 5D, an increase in the rate of virus decay in the environment (δv) leads to a

reduction in human infections. Thus, a higher decay rate means less virus in the environment,

reducing the frequency of contact between humans or rodents and the virus. Consequently,

transmission through the environment diminishes, resulting in a significant decrease in human

infections. This result is consistent with the findings of [11], who observed similar influence and

therefore suggested that efforts should be targeted at eradicating LASV from the environment

by disinfecting surfaces.

In Figure 6A, we observe a rapid increase in the number of individuals infected with Lassa

fever when the disease-induced death rate (δh) is initially set to zero. This swift rise reaches its

peak at time 13 and then starts to gradually decrease. What’s particularly noteworthy is that, as

we examine the impact of different rates of Lassa fever-induced death, the infected population

undergoes a reduction, eventually stabilising into an endemic state within the overall population.

In Figure 6B, we examine the impact of predation, where susceptible humans prey on sus-

ceptible rodents, on the dynamics of the infected population. The plot illustrates an initial rapid

rise, reaching maximum values, and then a decline to a relative equilibrium in the infected hu-

man population. This pattern is likely due to the complex interplay between human behaviour,

rodent population dynamics, and the transmission dynamics of the virus. The initial surge is

linked to heightened human predation on rodents, creating a greater risk of virus transmission

due to the challenge of visually discerning between infected and uninfected rodents. However,

the subsequent decline stems from a decrease in the population of susceptible rodents. This

reduction results in a decline in the spread of the virus, establishing a more balanced scenario

within the infected human population.

Moving on to Figure 6C, we investigate how human infections evolve in response to vari-

ations in the rate of rodent migration out of human settlements. Generally, we observe an

exponential increase in the infected human population as we decrease the migration rate. For

instance, the disease-infected human population stabilises as the migration rate approaches zero.

Conversely, the infected human population drastically declines as the rodent migration rate in-

creases. Infections became endemic in the population when the migration rate surpassed 50%.
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TABLE 5. System parameters and their values

Parameter Description Value Reference

Λh Rate of recruitment into the human population 0.15 [39, 40]

b Rate of recruitment into the rodent population 0.172 [39]

k Environmental carrying capacity for rodents 20000 Assumed

βr Disease transmission rate in rodents 0.0553 [12]

βh Human-to-human transmission rate 0.1479 [12]

β1 Rodent contact rate with the infested environment 0.1212 [11]

β2 Human contact rate with the infested environment 0.0200 [11]

δh Disease-induced death rate in humans 0.0024 [41]

µr Natural death rate in rodents 0.00200 [12]

µh Natural death rate in humans 0.02 [16, 42]

γh Recovery rate of infected humans 0.0236 [12]

ω Transition from recovered to susceptible 1.5736 [12]

m1 Rate of migration by susceptible rodents 0.3333 Assumed

m2 Rate of migration by infected rodents 0.1666 Assumed

η Rate of Lassa virus concentration in the environment 0.0913 [11]

θ1 Rate of virus shed in the environment by infected humans 0.0913 [11]

θ2 Rate of virus shed in the environment by infected rodents 0.4136 [11]

δV Rate of Lassa virus decay from the environment 0.4353 [11]

q Efficiency of predation 1.0000 Assumed

a Half saturation constant 1.0000 Assumed

h Rodent handling time by humans 1.0000 Assumed

P1 Rate of predation of susceptible rodents by susceptible hu-

mans

1.0000 Assumed

P2 Rate of predation of susceptible rodents by infected humans 1.0000 Assumed

P3 Rate of predation of infected rodents by susceptible humans 1.0000 Assumed

P4 Rate of predation of infected rodents by infected humans 1.0000 Assumed
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FIGURE 4. Plot illustrating the disease-free equilibrium state of our system.

FIGURE 5. Plot illustrating scenario analysis for system parameters.
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FIGURE 6. Plot illustrating scenario analysis for system parameters on infected

human population

5. CONCLUSION

In this study, we develop a five-compartmental mathematical model to elucidate the transmis-

sion dynamics of Lassa fever between two interacting populations: rodents and humans. Our

model incorporates an infested environment, rodent predation and migration of rodents. The ex-

plicit modelling of the predation of rodents (prey) by humans (predators) was achieved through

the application of the Holling type II function response. The model, described by systems of

non-linear differential equations, underwent comprehensive analytical and numerical analyses

to offer insights into the transmission of LF and the influence of various system parameters. We

establish our model’s mathematical significance, validity, and biological relevance by proving

the boundedness, positivity, and existence of solutions. Additionally, we explore the Lassa-free

equilibrium by deriving an explicit formula for the basic reproduction number (R0) using the

next-generation matrix method. The introduction of the functional response added complexity

to the analysis, prompting an analysis of the Lassa fever-free equilibrium and basic reproduc-

tion across three primary cases: (1) no consumption or predation of rodents (no preying); (2)
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inefficient human predation on rodents with minimal impact on the rodent-human relationship

(useless preying); and (3) active consumption or predation of rodents by humans (useful prey-

ing). Our analysis yields distinct reproduction numbers for each case, with a specific focus on

scenarios involving no preying (referred to as Case 1) and useful preying (referred to as Case 2).

From the baseline parameter values obtained from the literature, we obtained the reproduction

numbers for Case 1 as R0 = 2.163 and Case 2 as R0 = 1.858.

Furthermore, a sensitivity analysis result reveals that the rate of predation of infected rodents

by susceptible humans (P3), the handling time of rodents (h), the virus decay rate (δv), the recov-

ery rate of humans (γh), the human recruitment rate (Λh), the disease-induced death rate (δh), the

predation of susceptible rodents by infected humans (P2), the saturation constant (a) and the mi-

gration rate of rodents are highly sensitive to R0. Building on these results, numerical analyses

were performed to visualise our analytical findings. The study suggests that human-to-human

contact (βh) drives infections in humans when the contact rate exceeds a threshold of 50%. Mi-

gration of susceptible rodents (m1) was observed to drive infections in human populations, and

to some extent, rodent predation contributes to an increase in human infections. Consequently,

strategies aiming at minimising human contact, reducing rodent presence in human abodes, and

mitigating rodent predation are recommended. Moreover, our research stressed the importance

of environmental control and surface disinfection in reducing and delaying infection peaks. It is

also recommended that individuals in close contact with Lassa fever-infected individuals adopt

precautionary measures to mitigate the transmission rate. Given the identified correlation be-

tween increased rodent migration and a surge in infections, promoting hygiene practices and

discouraging behaviours that encourage rodents to move into human settlements is crucial.

5.1. Limitations and Prospects. Our findings are part of ongoing research and investigations

on Lassa fever (LF) disease, and they contribute new insights into the transmission dynamics of

the disease. However, our model has limitations. The full transmission dynamics of the disease,

including asymptomatic and symptomatic compartments and a death compartment, were not

captured. By excluding these key components, the model oversimplifies the actual transmis-

sion dynamics of Lassa fever, leading to potentially inaccurate predictions. Consequently, the
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model’s disease spread and impact predictions may be skewed, leading to misleading conclu-

sions. Additionally, we assumed that all parameters of the model are constant. However, these

factors are likely to fluctuate seasonally and over time, significantly influencing Lassa fever’s

transmission dynamics. Ignoring these variations can lead to misleading conclusions.

Looking ahead, we intend to integrate real-world outbreak data to compare our model’s pre-

dictions with observed outcomes. This comparison will not only validate the model but also

provide a stronger argument for its application in public health strategies. Furthermore, fu-

ture work could extend these models by incorporating additional layers of complexity, such as

spatial dynamics or more detailed age-structured models. Finally, we recommend that future

studies capture the full transmission dynamics of Lassa fever to achieve a more nuanced and

comprehensive understanding of the disease burden.
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