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Abstract: In this paper, we proposed, formulated and analyzed a SEIR  determinis c mathema cal model of Lassa 
fever in Nigeria, by consider the impact of treatment of infected individuals using standard incidence rate. The model 
is shown to be well posed mathema cally and epidemiologically. The basic reproduc on number 𝑅  that depends on 
ten parameters which is the important threshold has been obtained, together with the basic control parameters say 
transmission coefficient 𝛽  and treatment coefficient 𝛾 that can help us to control the spread of the Lassa fever 
disease. The model is shown to exhibits two equilibrium points namely, the endemic equilibrium points and disease-
free equilibrium points which is proved to be locally and globally asympto cally stable under certain condi on on the 
associated threshold parameter. We further established that early treatment of infected popula ons reduces the 
number of infected individuals which as well leads to decreases in the spread dynamics of Lassa fever disease in a 
society. 

Keyword: Lassa fever, mathema cal model, basic reproduc on number, stability analysis, control Parameters. 

 
 

 

Introduc on 

Lassa fever is also called Lassa hemorrhagic fever, is an infec ous disease and a zoono c viral 
illness ins gated by the Lassa virus, a single-stranded RNA virus from the Arenaviridae family 
[(Peterson et al.,2014, Ibrahim and Denes (2021)]. The mastomys natalensis which known as a 
mul mammate rat is the main host of this virus that is dominant in Sub-Saharan African as one 
of the most common rodent species [(Zhao et al., 2020), (Gibb et al.,2017)& Richmond and 
Baglole (2013)]. the viral par cle responsible for cause of Lassa fever was first iden fied in 1969 
at Borno state northern region of Nigeria.  

However, the yearly es mated incidence in eastern and western regions of West Africa ranges 
from a hundred to three hundred thousand cases with nearly five thousand deaths[(Grenenky et 
al.,2017), (Mariem et al., 2019) & (Olugasa et al ., 2015)] this momentum necessitated the Centers 
for Disease Control and Preven on (CDC) and World Health Organiza on (WHO) to declared Lassa 
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fever as endemic and a health challenge in Western African Accordingly. The countries at the high-
risk for Lassa fever (belt) include Liberia, Guinea, Sierra Leone, and Nigeria[(Greenky et al., 2017), 
(Musa et al., 2020), (Davies et al.,2019) & ( Peter et al.,2020)]. the largest epidemic was reported 
to be in Nigeria, with report of many outbreaks from the aforemen oned countries over the 
years. The largest outbreak of Lassa fever that swept through eighteen out of the thirty-six states 
of the country is reported to be in Nigeria, with over 400 confirmed cases were reported (Maxmen 
2018).  

Although, the yearly increase of cases of Lassa virus has to do with various factor such as 
insufficient health facili es, polluted environment, and poor personal hygiene, to gather with the 
ecological climate factor rainfall and movement of harvested food into our communi es. These 
ac vi es are associated with an improve or increase in the host reservoir (mastomys rodents) to 
migrate from their natural habita on to the human environment, a reduce or diminished in the 
prevalence of Lassa fever is rely upon on human efforts in reducing the transmission propor on 
of this disease [(Zhao et al.,2020), (Onah and Collins (2020)].  

Lassa fever has an incuba on period between 6 and 21 days, hence, following this exposure 
period, infected humans are expected to start showing symptoms of the disease. Although about 
eighty percent of infected humans have only slight symptoms such as headaches, cough, muscle 
pain, sore throat, weakness, and fever. However, in severe cases, an infected human can develop 
more complica ons such as facial swelling, bleeding from the nose, respiratory distress, and low 
blood pressure [(Ibrahim and Denes (2021), ( Peter et al.,2020) & (Bakare et al.,2020)]. In a more 
cri cal situa on, this disease can lead to death within fourteen days a er the first appearance of 
the symptoms, due to neurological problems[(Ibrahim and Denes (2021), (Bakare et al.,2020)]. 
The Lassa virus is primarily spread to humans through human contact with food or substances 
that are contaminated by the urine or feces of an infected rodent (Musa et al.,2020), while 
secondary infec on from human-to-human and laboratory transmissions are likewise possible 
[(Davies  et al.,2019), (Hamblion  et al.,2018)].  Due to the absence of a vaccine against Lassa 
fever, preven on against infec on has an important role in controlling the transmission of this 
disease in the popula on. Currently, since the eradica on of mastomys rodent popula on is 
unrealis c, the present ways of avoiding the spread of this infec on include the facilita on of 
good personal hygiene to avoid contact with infected rodents’ secre ons or excre ons, and 
implementa on of standard health facili es for effec ve tes ng, diagnosing and treatment of 
pa ents (Davies  et al.,2019). 

Literature reavel that there is no confirmed cure or vaccine exists for Lassa fever yet, however, 
ribavirin is an an viral drug that has been declared as an effec ve treatment for Lassa fever 
pa ents, if administered at the premature period of the infec on ( Mariem et al.,2019), (Musa et 
al.,2020). Consequently, the transmission dynamics of the virus is s ll not yet fully comprehended 
limited and far from being complete. Therefore, it is then important to urgently conduct various 
researches and explore new methods and techniques, which can help to be er understanding of 
the outbreak process and controlling the spread of the virus. 

Over the decade, mathema cal models have become vital tools in studying the dynamics of 
diseases in a given popula on. The recent development of the use of mathema cal models such 
as [(Ibrahim and Denes (2021), (Diethelm, 2020)], has been developed for numerous diseases, to 
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answer specific ques ons in an a empt to contribute to the understanding of the epidemiology 
of such disease under study. More specifically, studies have been carried out to further provide 
informa on on the transmission dynamics of Lassa fever (see (Zhao et al.,2020),[(Mariem et 
al.,2019), (Olugasa et al.,2015) & (Musa et al., 2020)], [ Onah and Collins (2020)], (Bakare et 
al.,2020), [(Ma et al.,2016), (Alsaedi et al., 2015)].  

However, Onah et al., (2020) used op mal control theory to determine how to reduce disease 
transmission with minimal cost, by introducing different control interven on measures, such as 
external protec on, treatment, isola on and rodent control, within the extended SIR–SI-type 
compartmental model.    Musa et al.(2020) showed the presence of a forward bifurca on with a 
stability switch between the disease-free and the endemic equilibrium. Their model describing 
the interac on between humans and rodents including quaran ne, isola on and hospitaliza on. 
Zhao et al.(2020) studied the epidemiological features of Lassa epidemics in various regions of 
Nigeria, and established the connec on between the reproduc on number and rainfall. They 
determined the infec vity of Lassa by the reproduc on number es mated from four types of 
growth models, the models fi ed to Lassa surveillance data and es mated the reproduc on 
number in various regions. In the absence or limited access to pharmaceu cal interven ons such 
as vaccines and treatment, isola on remains one of the best choices of control strategy to reduce 
the transmission rate of infec ous disease (WHO, 2020) 

 In view of the above, Proper treatment of Lassa fever vic ms will play a significant role in 
controlling and spread of this virus. Consequently, treatment of Lassa fever virus needs to be 
acknowledged as an important factor that may a ract urgent interven on for controlling Lassa 
virus epidemics, obviously, the Treatment interven ons of Lassa fever vic ms has no clear status 
in our communi es, hence the op mal policy need to be tractable. However, our study, extend 
the work done by James et al.(2015). And present a seven compartmental determinis c model, 
using a system of ordinary differen al equa ons by incorpora ng exposed, treatment and 
recovery in to the human compartment and further subdivided the rodent compartment into 
two, in other to gain insight into the transmission dynamics of Lassa fever with treatment.  

The model System descrip on and formula on 

This study will engross on the influence on transmission dynamics of Lassa fever virus diseases 
with treatment, concerning the progression of the infec on in the human popula on. 
Consequently, our propose models extends the work done by James et al.(2015) in the following 
sense 

i. Incorporating exposed, treatment and recovered compartments with treatment as 
control measure, is not considered in James et al.(2015) 

ii.  Sub dividing the reservoir population (rodents) In to susceptible and infected 
compartments. is not considered in James et al.(2015) 

iii. We extend our model to SEIR type while SIR model type was used in James et al.(2015) 
iv. The probability or proportion of susceptible to be becomes infectious in both humans 

and reservoir (rodents) population, is not considered in James et al.(2015) 
v. Standard incidence rate used while bilinear incidence rate was used in James et al. 

(2015) 
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Thus, the proposed extended model is formulated based on the following considerations. 
(a) Homogeneous mixing of members of the population under consideration with equal 

chances of transmitting the virus.  
(b) the Probability of susceptible individuals to be becomes infectious in the population 

under consideration by the proportion of (1 − 𝜃), with the transmission rate 𝛽 and 0 ≤ 𝜃 ≤ 1. 
(c) Successful treatment of individuals to becomes recovered, does not guarantee    

permanent immunity. But they do confer some immunity from their primary infection, 
and since there is no absolute cure for Lassa fever, they may also have a relapse of the 
disease back into the infectious class. 

Hence, the total human and  popula on at me t, is divided into five (5) compartments such that 
𝑁 (𝑡) = 𝑆 (𝑡) + 𝐸 (𝑡) + 𝐼 (𝑡) +  𝑇 (𝑡) +  𝑅 (𝑡) and the total rodents  popula on at me t is 
divided in to two (2) compartments such that 𝑁 (𝑡) =  𝑆 (𝑡) +  𝐼 (𝑡) .  

In the  model (1),   𝑆 (𝑡); 𝐸 (𝑡);  𝐼 (𝑡);  𝑇 (𝑡);  𝑅 (𝑡);  𝑆 (𝑡) 𝑎𝑛𝑑 𝐼 (𝑡) are the state variables 
used to represent the Suscep ble human, Exposed human, Infected human, Recovery human, 
Treated human, Suscep ble mastomys rats’ and Infected mastomys rats compartment 
respec vely, with the assump ons that all parameters in the model (1) are constants.  

Thus, the suscep ble popula on with risk of Lassa virus infec on 𝑆 (𝑡) is generated by 
recruitment of humans at a constant rate Λ  (all humans recruited into the popula on are 
assumed to be at risk of Lassa-infec on), All infected individuals move into the suscep ble 
popula on due to treatment failure at rate φ, the popula on is decreased by natural death at a 
rate 𝜇, following the effec ve contact with 𝛽  the human-to-human contact rate and 𝛽  a 
mastomys rat-to-human contact rate. 

The exposed popula on 𝐸 (𝑡) is produced following the effec ve contact with 𝛽  the human-to-
human contact rate and 𝛽  a mastomys rat-to-human contact rate, and further reduce by the 
propor on of suscep ble individuals that becomes infec ous at (1 − 𝜃) and natural death at a 
rate 𝜇. 

The infected popula on   𝐼 (𝑡) is increased by 𝜉  the propor on of exposed individuals that 
becomes infec ous at (1 − 𝜃), which decreased by 𝜙 a recovery rate of infec ous human, and 
rates at which infected humans move to treatment class 𝛾 together with natural death of human 
popula on 𝜇  and the induced death of infec ous individual at  𝛼 . 
The popula on of treated individuals 𝑇 (𝑡) is generated as a result of treatment of infected 
individuals at rate 𝛾, and diminished by the ψ rate of recovery, all infected individuals move into 
the suscep ble popula on due to treatment failure at rate φ,natural death at a rate 𝜇, together 
with  𝛼   the induced death of individual under treatment. 

The popula on of recovered individuals 𝑅 (𝑡) is composed as a result of recovery of treated 
individuals at rate ψ together with recovery rate of infected individuals and decreased by natural 
death at a rate 𝜇. 

Similarly, the popula on of suscep ble mastomys rat (rodents)  𝑆 (𝑡) is generated by recruitment 
of rodents at a constant rate Λ , which decreased by the popula on of natural death at a rate 𝜗, 
following the effec ve contact with 𝛽  the transmission rate of mastomys rat-to-mastomys rat. 
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The popula on of infected mastomys rats (rodents)  𝐼 (𝑡) is produced following the effec ve 
contact with 𝛽  the transmission rate of mastomys rat-to-mastomys rat. and only diminished by 
natural death of mastomys rat’s (rodents) at a rate 𝜗.  

Thus, the transfer diagram of the model system shown in Fig. 1. Together with above descrip ons, 
yield the following model equa ons: 

 

𝑑𝑆

𝑑𝑡
= Λ + φ𝑇 − (𝜆 + 𝜇)𝑆  

𝑑𝐸

𝑑𝑡
= 𝜆 𝑆 − [𝜉(1 − 𝜃) + 𝜇]𝐸  

𝑑𝐼

𝑑𝑡
= 𝜉(1 − 𝜃)𝐸 − (𝜙 + 𝛾 + 𝜇 + 𝛼 )𝐼  

𝑑𝑇

𝑑𝑡
= 𝛾𝐼 − (𝜓 + φ + 𝜇 + 𝛼 )𝑇                                                                                                     (1) 

𝑑𝑅

𝑑𝑡
= ϕ𝐼 + 𝜓𝑇 − 𝜇𝑅                  

𝑑𝑆

𝑑𝑡
= Λ − (𝜆 + 𝜗)𝑆  

𝑑𝐼

𝑑𝑡
= 𝜆 𝑆 − 𝜗𝐼  

 

With 𝜆 =    𝑎𝑛𝑑    𝜆 =                                                                                                (2) 

where 𝛽  is the effec ve contact rate for human-to-human transmission, 𝛽  is a mastomys rat-to-
human effec ve contact rate. 
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Descrip on of the State Variables and the Parameters of the Flow Chart Model 

Symbol of the 
Variable 

                Description 

𝑆 (𝑡) Susceptible human compartment 
𝐸 (𝑡) Exposed human compartment 
𝐼 (𝑡) Infected human compartment 
𝑇 (𝑡) Treatment compartment  
𝑅 (𝑡) Recovery human compartment 
𝑆 (𝑡) Susceptible mastomys rats’ compartment 
𝐼 (𝑡) Infected mastomys rats’ compartment 

Table 1.  The state variables of the flow chart model system 
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Symbol of the 
Parameters 

Descriptions 

Λ 𝑎𝑛𝑑Λ  Rate of recruitment of susceptible human and mastomys rat’s population 
𝜇 Rate of natural death in human  
𝜗 Rate of natural death in mastomys rat’s  
Ψ Recovery rate of treated individuals  
𝜙 Recovery rate of infected individuals  
𝜑 Rate of treatment failure 
𝛾 Rate of treatment (Rates at which infected humans move to treatment class)  

(1 − 𝜃) Proportion of new exposed individual that become symptomatically infected 
𝜉 Rate at which an exposed individual becomes infectious 

        𝛼  and 𝛼  Rate of induced death of infectious individual and individual under treatment. 
Respectively 

  
𝛽  The Transmission rate of human population 
𝛽  The Transmission rate of mastomys rat’s population 

Table 2. The Parameters of the Flow Chart Model System 

 

Posi vity and Boundedness  

Now let us prove the posi vity and boundedness of the solu ons of our model to ensure that the 
system of differen al equa ons in (1), is mathema cally well defined and biologically meaningful.  

Theorem1.𝐿𝑒𝑡 𝑡ℎ𝑒 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑑𝑖𝑡𝑖𝑜𝑛𝑠 𝑆 (0) > 0, 𝐸 (0) > 0, 𝐼 (0) > 0, 𝑇 (0) > 0, 𝑅 (0) >
0, 𝑆 (0) > 0, 𝑎𝑛𝑑 𝐼 (0) > 0, 𝑡ℎ𝑒𝑛  𝑡ℎ𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆 (𝑡), 𝐸 (𝑡), 𝐼 (𝑡), 𝑇 (𝑡), 𝑅 (𝑡),
𝑆 (𝑡) 𝑎𝑛𝑑  𝐼 (𝑡) 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 𝑠𝑦𝑠𝑡𝑒𝑚 (1) are posi ve for all 𝑡 ≥ 0. 

Proof. Suppose 𝑆(𝑡) is not posi ve, then there exists a first me, say 𝑡∗ > 0, such that 𝑆 (𝑡) > 0   
For all 𝑡 ∈ [0, 𝑡∗) and 𝑆 (𝑡∗) = 0. By inspec on of the equa on of 𝐸 (𝑡), we have that  

𝑑𝐸

𝑑𝑡
≥ −[𝜉(1 − 𝜃) + 𝜇]𝐸 (𝑡), 𝑓𝑜𝑟  𝑡 ∈ [0, 𝑡∗),  

Hence, it follows that,  

                                           𝐸 > 0 𝑓𝑜𝑟 𝑡 ∈ [0, 𝑡∗). 

Thus, it is clear from the first equa on of model system (1) that  

                                         ≥ −(𝜆 + 𝜇)𝑆 (𝑡), 𝑓𝑜𝑟 𝑡 ∈ [0, 𝑡∗). 



Interna onal Journal of Pure and Applied Science Research 

arcnjournals@gmail.com                                                       Page | 49  
 

It follows that 𝑆 (𝑡∗) > 0 which contradicts 𝑆 (𝑡∗) = 0. therefore, 𝑆 (𝑡) is posi ve. Using similar 
approach as that for 𝑆 (𝑡),it is easy to show that𝐸 (0) > 0, 𝐼 (0) > 0, 𝑇 (0) > 0, 𝑅 (0) >
0, 𝑆 (0) > 0, 𝑎𝑛𝑑 𝐼 (0) > 0. Hence the proof. 

Invariant Region 

In order to retain the biological feasible region of the model system (1) we consider the 
biologically feasible region consis ng of   

Δ = Δ × Δ ∈ ℝ × ℝ   

with   

Δ = {𝑆 , 𝐸 , 𝐼 , 𝑇 , 𝑅  ∈ ℝ  : 𝑁 ≤    } 

And 

Δ = { 𝑆 ,  𝐼 , ∈ ℝ  : 𝑁 ≤  } 

It can be shown that the set Δ  is a posi vely invariant set and global a ractor of this system. This 
implies any phase trajectory ini ated anywhere in the nonnega ve region ℝ  enters the feasible 
region  Δ and remains in  therea er. 

Lemma 1. The biological feasible region  Δ = Δ ∪ Δ ⊂ ℝ × ℝ  of the Lassa fever model (1) is 
posi vely invariant with nonnega ve ini al condi ons in ℝ . 

Proof 

The following steps are followed to establish the posi ve invariance of Δ  (i.e., solu ons in Δ  
remain in Δ  for all 𝑡 > 0). The rate of change of the total human and rodent popula ons 𝑁 and 
𝑁  respec vely, are obtained by adding the respec ve components of model (1) which result to  

𝑑𝑁 (𝑡)

𝑑𝑡
= Λ − 𝜇𝑁 (𝑡) − {(𝛼 )𝐼 (𝑡) + (𝛼 )𝑇 (𝑡)} 𝑎𝑛𝑑 

𝑑𝑁 (𝑡)

𝑑𝑡
= Λ − 𝜗𝑁 (𝑡) 

so that,  

𝑑𝑁 (𝑡)

𝑑𝑡
≤ Λ − 𝜇𝑁 (𝑡) 𝑎𝑛𝑑 

𝑑𝑁 (𝑡)

𝑑𝑡
≤ Λ − 𝜗𝑁 (𝑡)                                                                   (2) 

Hence, 𝑁 (𝑡) ≤ 𝜇𝑁 (0)𝑒  + (1 − 𝑒 ) 𝑎𝑛𝑑 𝑁 (𝑡) ≤ 𝜗𝑁 (0)𝑒  + 1 − 𝑒 .   

In par cular, 𝑁 (𝑡) ≤  𝑎𝑛𝑑 𝑁 (𝑡) ≤  +  if the total human popula on and rodent popula on 

at the ini al instant of me, 𝑁 (0) ≤  𝑎𝑛𝑑 𝑁 (0) ≤  + , respec vely. So, the region Δ  is 

posi vely invariant. Thus, it is consequently adequate to consider the dynamics of Lassa fever 
governed by model (1) in the biological feasible region Δ , where the model is considered to be 
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epidemiologically and mathema cally well posed see (Lakshmikanthan, et al 1989; Ojo, et al, 
2017).  

Existence and Stability of Lassa fever free equilibrium (LFFE)  

The Lassa fever free equilibrium of model (1) is obtained at the steady-state solu on in the 
absence of Lassa fever infec on, there in by se ng the right-hand side of equa on (1) equal to 
zero, such that 𝑆 ∗ = 𝐸 ∗ = 𝐼 ∗ = 𝑇 ∗ = 𝑅 ∗ = 𝑆∗ = 𝐼∗ = 0 and solve it simultaneously we get 
the disease-free equilibrium state denoted by ℇ  and is given by  

ℇ = (𝑆 ∗, 𝐸 ∗, 𝐼 ∗, 𝑇 ∗, 𝑅 ∗, 𝑆∗, 𝐼∗) =
Λ

𝜇
, 0,0,0,0,

Λ

𝜗
, 0                                                      (3) 

Basic reproduc on number 

The next-genera on matrix method is used on system (1) for determining the reproduc on 
number ℛ . The epidemiological quan ty ℛ , called the reproduc on number, measures the 
typical number of Lassa fever cases that a Lassa fever-infected individual can generate in a human 
popula on that is completely suscep ble (Lakshmikantham, et al, 1989; Oke, et al, 2020). 

The matrices 𝐹 and 𝑉 for the new infec on terms and the remaining transfer or transi on terms 
are shown below, it follows that the basic reproduc on number of model system (1) is calculated 
as follows  

  

𝐺𝑎𝑖𝑛 𝑡𝑜 𝐸
𝐺𝑎𝑖𝑛 𝑡𝑜 𝐼
𝐺𝑎𝑖𝑛 𝑡𝑜 𝑇
𝐺𝑎𝑖𝑛 𝑡𝑜  𝐼

𝑙𝑜𝑠𝑠𝑒𝑠 𝑓𝑟𝑜𝑚 𝐸
𝑙𝑜𝑠𝑠𝑒𝑠 𝑓𝑟𝑜𝑚 𝐼
𝑜𝑠𝑠𝑒𝑠 𝑓𝑟𝑜𝑚 𝑇

𝑙𝑜𝑠𝑠𝑒𝑠 𝑓𝑟𝑜𝑚  𝐼

( )𝑆

0
0

( )𝑆

[𝜉(1 − 𝜃) + 𝜇]𝐸

−𝜉(1 − 𝜃)𝐸 + (𝜙 + 𝛾 + 𝜇 + 𝛼 )𝐼

−𝛾𝐼 + (𝜓 + φ + 𝜇 + 𝛼 )𝑇
ϑ𝐼

 

That is by considering the most relevant equa ons in the model system (1) say, 
 𝐸 (𝑡), 𝐼 (𝑡), 𝑇 (𝑡) 𝑎𝑛𝑑  𝐼 (𝑡),  thus, the gain (the new infec on terms) and losses (the transfer 
or transi on terms) expressions associated with the model (1) using next genera on method 
gives 

Gain ⇒  𝐹 =  

0
0
0
0

𝛽
0
0
0

0
0
0
0

𝛽
0
0
𝛽

    

Losses ⇒  𝑉 =  

𝐾
−𝐾

0
0

0
𝐾
−𝛾
0

0
0

𝐾
0

0
0
0
ϑ
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𝑉 =

⎝

⎜
⎜
⎜
⎜
⎜
⎛

1

𝐾
0 0 0

𝐾

𝐾 𝐾

1

𝐾
0 0

𝛾𝐾

𝐾 𝐾 𝐾

𝛾

𝐾 𝐾

1

𝐾
0

0 0 0
1

ϑ⎠

⎟
⎟
⎟
⎟
⎟
⎞

                                                                         

Where 𝐾 = [𝜉(1 − 𝜃) + 𝜇], 𝐾 = 𝜉(1 − 𝜃), 𝐾 = (𝜙 + 𝛾 + 𝜇 + 𝛼 ) 𝑎𝑛𝑑 𝐾 = (𝜓 + φ + 𝜇 +
𝛼 )                                                                                                                                                     (4) 

Thus, the spectral radius of the next-genera on 𝐹𝑉 ,is the basic reproduc on ℛ  of the model 
(1) it follows then that the associated reproduc on number denoted by ℛ , is obtained as follows: 

ℛ =
ϑ𝛽ℎ𝐾2 + 𝛽𝑟𝐾1𝐾3

𝐾1𝐾3ϑ
                                                                                                                                    (5) 

With ℛ =
𝛽ℎ𝐾2

𝐾1𝐾3
 𝑎𝑛𝑑 ℛ =

𝛽𝑟

ϑ
                                                                                                                       (6) 

Where ℛ  defined the basic reproduc on number of human popula on and ℛ  defined the 
basic reproduc on number of rodents respec vely.  

Stability Analysis 

Lemma 2: The disease – free equilibrium (DFE) of the (LASV) model system (1), given ℇ , is locally 
asympto cally stable if ℛ < 1 and 𝜀   is unstable if ℛ > 1.  

Proof. 

We prove the Lemma 2 using lineariza on method. The Jacobian matrix associated with the LASV 

model at the DFE, ℇ = (𝑆 ∗, 𝐸 ∗, 𝐼 ∗, 𝑇 ∗, 𝑅 ∗, 𝑆∗, 𝐼∗) = , 0,0,0,0, , 0  is given by 

𝐽(𝜀  ) =

⎝

⎜
⎜
⎜
⎛

−𝜇
0
0
0
0
0
0

0
−𝐾
𝐾
0
0
0
0

−𝛽
0

−𝐾
𝛾
𝜙
0
0

φ
0
0

−𝐾
𝜓
0
0

0
0
0
0

−𝜇
0
0

0
0
0
0
0

−𝜗
0

𝛽
0
0
0
0

−𝛽
−𝜗 ⎠

⎟
⎟
⎟
⎞

                                                                                                                           (7) 

With 𝐾 , 𝐾 , 𝐾 , 𝑎𝑛𝑑 𝐾  same as in (4) 

The eigenvalues can be determined by solving the characteris c equa on |𝐽 − 𝜆𝐼| = 0. Now 
Evalua ng the eigenvalues of the Jacobian matrix  𝐽  we found that the following eigenvalues  
−𝐾  , −𝐾  , −𝐾 , −𝜗, − 𝜇, −𝜗 𝑎𝑛𝑑 − 𝜇 are all real and nega ve. Hence,𝜀  is locally 
asympto cally stable whenever ℛ < 1, and the above lemma has been proved accordingly. 
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Global Stability of Lassa Fever-Free Equilibrium 

 The global stability of the Lassa fever-free equilibrium ℇ  of the model system (1), can be examine 
since ℇ  is locally asympto cally stable from above lemma.  

Theorem 2 The Lassa fever disease-free equilibrium ℇ  is globally asympto cally stable (GAS) of 
model system (1) if ℛ < 1, 𝑖𝑛 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑜𝑓 Δ. 

Proof. Comparisons theorem allow us to prove the above theorem in the following sense. Now let 
consider the next genera on matrix together with the infected compartments as  

𝐹 =  

0
0
0
0

𝛽
0
0
0

0
0
0
0

𝛽
0
0
𝛽

 ,  𝑉 =  

𝐾
−𝐾

0
0

0
𝐾
−𝛾
0

0
0

𝐾
0

0
0
0
ϑ

 and 𝑍 =

𝐸
𝐼
𝑇
 𝐼

 

Then the rate of change of the infected compartments of model (1) can be wri en in the form 

 𝒅𝒁

𝒅𝒕
= (F − V)Z − JZ                                                                                                                             (𝟖) 

So that 

JZ =

−𝐾
𝐾
0
0

𝛽
−𝐾

𝛾
0

0
0

−𝐾
0

𝛽
0
0

𝛽 − ϑ

𝐸
𝐼
𝑇
 𝐼

−

⎝

⎜
⎜
⎜
⎛

𝛽 𝐼 + 𝛽 𝐼

𝑁
)𝑆 − [𝜉(1 − 𝜃) + 𝜇]𝐸

𝜉(1 − 𝜃)𝐸 + (𝜙 + 𝛾 + 𝜇 + 𝛼 )𝐼

𝛾𝐼 + (𝜓 + φ + 𝜇 + 𝛼 )𝑇

(
𝛽 𝐼

𝑁
)𝑆 − ϑ𝐼

⎠

⎟
⎟
⎟
⎞

 

JZ =

⎝

⎜
⎜
⎛0

0
0
0

𝛽 1 −
𝑆

𝑁
0
0
0

0
0
0
0

𝛽 1 −
𝑆

𝑁
0
0

𝛽 1 −
𝑆

𝑁 ⎠

⎟
⎟
⎞

𝐸
𝐼
𝑇
 𝐼

 

With  𝐽 =

⎝

⎜
⎛

0
0
0
0

𝛽 1 −

0
0
0

0
0
0
0

𝛽 1 −

0
0

𝛽 1 −
⎠

⎟
⎞

 

It can be observed that 𝐽 is a non-nega ve matrix since 𝑆 (𝑡) ≤ 𝑁 (𝑡) ≤ and 𝑆 (𝑡) ≤ 𝑁 (𝑡) ≤

 

 
 In the invariant set. Hence it follows that 

≤ (𝐹 − 𝑉)𝑍                                                                                                                                        (9)                                                        
Considering the fact that eigenvalues of the matrix 𝐹 − 𝑉  all have nega ve real parts, which 
coincide with our local stability result, where ρ(𝐹𝑉 ) < 1 if 𝑅 < 1, (Van den Driessche and 
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Watmough 2002)). It follows that the linearized differen al inequality of (9) is stable 
whenever 𝑅 < 1. Consequently, (𝐸 , 𝐼 , 𝑇 , 𝐼 ) → (0,0,0,0) 𝑎𝑠 𝑡 → ∞. Thus, by comparison 
theorem, (𝐸 , 𝐼 , 𝑇 , 𝐼 ) → (0,0,0,0) 𝑎𝑠 𝑡 → ∞. Subs tu ng 𝐸 = 𝐼 = 𝑇 = 𝐼 = 0 in (8) gives 
𝑆 (𝑡) → 𝑆∗ as 𝑡 → ∞ and 𝑆 (𝑡) → 𝑆∗ as 𝑡 → ∞. Thus, (𝑆 (𝑡), 𝐸 , 𝐼 (𝑡), 𝑇 , 𝑅 , 𝑆 (𝑡), 𝐼 (𝑡)) →
(𝑆∗ , 0,00,0, , 𝑆∗, 0) 𝑎𝑠 𝑡 → ∞ for 𝑅 < 1. Thus, 𝜀  is GAS if 𝑅 < 1. 
Existence and Stability of Endemic Equilibria 

 Lassa fever endemic equilibrium points of model (1) is obtained at the steady-state solu on in 
the presence of Lassa fever infec on in the popula on. there in by se ng the right-hand side of 
equa on (1) equal to zero and solve it simultaneously in terms of the associated form of infec on 
we get the Lassa fever endemic equilibrium points state denoted by ℇ  and is given by ℇ =
(𝑆 ∗∗, 𝐸 ∗∗, 𝐼 ∗∗, 𝑇 ∗∗, 𝑅 ∗∗, 𝑆∗∗, 𝐼∗∗), Therefore, the endemic equilibrium point of the model 
system  (1) is obtained as 

 

𝑆 ∗∗ =
𝐾 𝐾 𝐾  Λ  

(𝐾 𝐾 𝐾  − 𝛾𝜑𝐾 )𝜆∗∗ + 𝜇𝐾 𝐾 𝐾  

 

 

𝐸 ∗∗ =
𝐾 𝐾  Λ  𝜆

∗∗

(𝐾 𝐾 𝐾  − 𝛾𝜑𝐾 )𝜆∗∗ + 𝜇𝐾 𝐾 𝐾  
 

𝐼 ∗∗ =
𝐾 𝐾  Λ  𝜆

∗∗

(𝐾 𝐾 𝐾  − 𝛾𝜑𝐾 )𝜆∗∗ + 𝜇𝐾 𝐾 𝐾  
 

𝑇 ∗∗ =
𝐾 𝛾Λ  𝜆

∗∗

(𝐾 𝐾 𝐾  − 𝛾𝜑𝐾 )𝜆∗∗ + 𝜇𝐾 𝐾 𝐾  
  (10) 

𝑅 ∗∗ =
(𝛾 𝜓 + 𝜙𝐾 ) 𝐾  γ Λ  𝜆

∗∗

((𝐾 𝐾 𝐾  − 𝛾𝜑𝐾 )𝜆∗∗ + 𝜇𝐾 𝐾 𝐾  )𝜇
 

𝑆∗∗ =
Λ

𝜆𝑟
∗∗

+ 𝜗
  ,                        𝐼∗∗ =

𝜆𝑟
∗∗

Λ

𝜗 𝜆𝑟
∗∗

+ 𝜗
. 

With the force of infec ons  

𝜆∗∗ =
𝛽 𝐼∗∗+𝛽 𝐼∗∗

𝑁∗∗   𝑎𝑛𝑑    𝜆∗∗ =
𝛽 𝐼∗∗

𝑁∗∗
                                                                       (11) 

Where  𝑁∗∗ = (𝑆 ∗∗ + 𝐸 ∗∗ + 𝐼 ∗∗ + 𝑇 ∗∗ + 𝑅 ∗∗) 𝑎𝑛𝑑    𝑁∗∗ = (𝑆∗∗ + 𝐼∗∗) 

From equa on (9)   𝜆∗∗ =
∗∗

∗∗  

 implies that 

𝜆∗∗𝑁∗∗∗ − 𝛽 𝐼∗∗ = 0           

⇒ (𝜆∗∗ − 𝛽 )𝐼∗∗ + 𝜆∗∗𝑆∗∗ = 0. 
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⇒ (𝜆∗∗ − 𝛽 )
𝜆∗∗Λ

𝜗 𝜆𝑟
∗∗

+ 𝜗
+ 𝜆∗∗

Λ

𝜆𝑟
∗∗

+ 𝜗
= 0 

                                                      ⇒
∗∗ ( ∗∗ 𝜗)

𝜗( ∗∗+𝜗)
= 0 

 
Thus, 𝜆∗∗ − 𝛽 + 𝜗 = 0 since 𝜆∗∗ ≠ 0, 
 and so  𝜆∗∗ = 𝛽 − 𝜗                                                                                                                        (13) 

Also, From (9)  𝜆∗∗ = 𝜆ℎ
∗∗ =

𝛽ℎ𝐼ℎ
∗∗+𝛽𝑟𝐼𝑟

∗∗

𝑁ℎ
∗∗  

implies that 
 𝜆∗∗𝑁∗∗ − (𝛽 𝐼∗∗ + 𝐼∗∗𝛽 ) = 0 
 ⇒ 𝜆∗∗(𝑆 ∗∗ + 𝐸 ∗∗ + 𝐼 ∗∗ + 𝑇 ∗∗ + 𝑅 ∗∗) − (𝛽 𝐼∗∗ + 𝐼∗∗𝛽 ) = 0                                         (14) 
Subs tu ng (8)  and  (10) into (11) we have the following quadra c equa on in team of 𝜆∗∗ 

𝑎𝜆∗∗ + 𝑏𝜆∗∗ + 𝑐 = 0                                                                                                                      (15) 
With  
𝑎 =  

 𝑏 = 𝐾 𝐾 𝐾 Λ 𝜗𝜇(1 − ℛ0ℎ) + 𝐾 𝐾 𝐾 Λ 𝜗𝜇(1 − ℛ0𝑟) + 𝐾 𝛾𝜑𝜇Λ (𝛽 − 𝜗) 
 𝑐 = 𝜇 𝐾 𝐾 𝐾 Λ 𝜗(1 − ℛ0𝑟) 
 
It can be observed that the coefficient 𝑎 is always posi ve while the sign of 𝑏 and 𝑐 depends on 
the values of the reproduc on numbers ℛ and ℛ  𝑤𝑖𝑡ℎ 𝛽 − 𝜗 ≠ 0. 𝑠𝑖𝑛𝑐𝑒 ℛ < 1, it follows 
by Descartes rule of signs that, 

i. If 𝑅 > 1 and 𝑅 > 1, then 𝑏 < 0 and 𝑐 < 0 then there is only one sign change in the 
sequence of coefficients 𝑎, 𝑏, 𝑐. Thus, there is one positive real root of (15). 

ii. If both 𝑏 and 𝑐  are positive when 𝑅 < 1 and 𝑅 < 1.  Then there is no change in the 
sequence of coefficients, therefore, equation (15) has no positive real root. 

iii. If 𝑅 > 1  and 𝑅 < 1 then there either two sign changes or no sign change in the 
sequence of coefficients of (15). Then there two or no positive real root of (15). 

iv. If 𝑅 < 1  and 𝑅 > 1, there is one sign change in the sequence of coefficients 𝑎, 𝑏, 𝑐 . 
Then there exists at most one positive real root of (15) 

Consequently, apart from the root 𝜆∗∗ = 0, by Descartes rule of signs, there exists at least one 
posi ve real root for (15) whenever ℛ > 1. Hence, the model (1) has at least one endemic 
equilibrium point whenever ℛ  >  1. 
 
 
 
Data fi ng and Es ma on of the Parameter 
The Nigeria Centre for Disease Control (NCDC) reported cases of Lassa fever for suspected cases 
and confirmed cases for a period from 2019 to 2020 where used to validate model (1). 
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Figure 2. The cumulative suspected and confirmed cases of Lassa fever in Nigeria from 2019 to 2020 

The pictorial representa on of number of cumula ve suspected and confirmed cases for the 
aforemen oned period is shown in Fig.2. Moreover, the number of suspected and Confirmed 
Cases of Lassa Fever from 2019 – 2020 are depicted in Fig. 3, and Fig. 4 respec vely. 

 

 

 

 

 Figure 3. The suspected cases of Lassa fever in Nigeria from 2019 to 2020 
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Figure 4. The confirmed cases of Lassa fever in Nigeria from 2019 to 2020 

 
This study considers the Lassa fever confirmed cases for the aforemen oned period in fi ng 
model (1) to the data, the following parameter values where adopted from the literature, Λ =
68088; Λ = 557; 𝛼 = 0.485; 𝛼 = 0.485; see (Ojo et al., Collins et al.). 
Thus, according to (Central Intelligence Agency) the average lifespan of a person in Nigeria is 60.45 
years. Addi onally, the total human popula on (𝑁 ) of Nigerians is reported to be 214, 028, 302. 
As a result, we computed the recruitment rate using 𝑁  as we assumed by the invariant region 
that 𝑁 = . Similar to this, the natural death of rodent is 𝜗 calculated using the formula 𝜗 =  

, where  𝜗 = 1  year represents the typical lifespan of mul mammate rat (Ibrahim et al.2021). 
Also, we consider the en re popula on of rodents to be 𝑁 = 90,000, allowing us to calculate 
the rodent recruitment rate as 𝑁 × 𝜗. Since Nigeria Centre for Disease Control states that Lassa 
fever takes 6 to 21 days to incubate. We used the Lassa fever model (1) to the compute 
cumula ve number of cases reported from 219 to 2020 in order to derive the values for the 
remaining parameter values.  

We developed a program code wri en and implemented on MATLAB ODE45 solvers, using model 
data fi ng techniques, via conven onal nonlinear least squares methods, as shown in Table 3. 
The pictorial diagramma cal representa on for the data fi ng of the model (1) using the 
cumula ve confirmed cases is shown in figure 5. Moreover, the data fi ng parameter values 
where used to carryout sensi vity analyses and simula ons. 
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Figure 5. Data fi ng of cumula ve confirmed cases of Lassa fever model (1 ) From 2019 to 2020    
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Descriptions Value  Source 

Λ  Rate of recruitment of susceptible human  68088 Ojo et al., 
(2022) 

Λ  Rate of recruitment of susceptible 
mastomys rat’s  

557 Ojo et al., 
(2022) 

𝜇  Rate of natural death in human  0.0000005
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𝜗 Rate of natural death in mastomys rat’s  0.7681 Fitted 
Ψ Recovery rate of treated individuals  1.2257 Fitted 
𝜙 Recovery rate of infected human 1.0849 Fitted 
𝜑 Rate of treatment failure 0.7258 Fitted 
𝛾 Rate of treatment 3.1602 Fitted 

        𝛼  Rate of induced death of infectious 
individual  

0.484 Collins et al., 
(2023) 

          𝛼  Rate of induced death of individual under 
treatment 

0.484 Collins et al., 
(2023) 

𝜃 Proportion of new exposed individual 
that become symptomatically infected 

0.0416 Fitted 

𝜉 Rate at which an exposed individual 
becomes infectious 

1.7665 Fitted 

𝛽  The Transmission rate of human  0.1316 Fitted 
𝛽  The Transmission rate of mastomys rat’s  0.0248 Fitted 

Table 3. Value of Parameters for the Lassa Fever Model (1) 

 

Sensi vity Analysis  

To evaluate the rela onship between the model value parameters, we developed a Sensi vity 
analysis codes using Par al Rank Correla on Coefficients (PRCC) imbedded in MATLABR2022b in 
model (1) to assess the most sensi ve epidemiological parameters (musa et al., 2020). The 
sensi vity indices values together with the parameter values is shown in Figure 6 for further 
illustra on of the numerical outcome. However, the results of the analysis revealed that the 
posi ve values of the parameters  𝜃, 𝜉, 𝛽  , 𝛽  𝑎𝑛𝑑 Λ   is linked to an increase in the spread of 
Lassa fever. Moreover, a drop in the nega ve values of the parameters Λ , 𝛾, 𝜓 
𝜙 and 𝜑   is related to an increase in the transmission of Lassa fever. Figure 6 depicted, the 
maximum nega ve values of the sensi vity index are natural mortality rate of rats  
𝜗 and rate of treatment 𝛾, while the maximum posi ve values are transmission rate of mastomys 
rat’s 𝛽  and Transmission rate of human 𝛽 . Consequently, the findings indicate that a rise (or 
decrease) in the value of 𝛽  𝑎𝑛𝑑 𝛽   will result in a corresponding increase (or reduc on) in the 
reproduc on number. Addi onally, an increase (or decrease) in the value of  𝜗  will result in a 
corresponding decrease (or increase) in the number of rats.  
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Figure 6. Sensi vity indices of the Lassa fever reproduc on number using par al rank correla on    coefficient 
(PRCC)  
  
Finally, the Lassa fever sensi vity analysis indicates that any control measures that lessen the 
likelihood of transmission and the rate at which rats are recruited into the popula on alongside 
with early treatment of Lassa fever vic ms will successfully reduce the spread of  the disease.  
Numerical simula ons and discussion  

We developed a program code wri en and implemented on MATHEMATICA to simulate the 
model (1) u lizing demographic data of Nigeria. All the parameter values that were used is shown 
in Table 3. These values were derived by fi ng the actual NCDC data to the model system. 
Consequently, we support our theore cal conclusions, by exploring the impact of the most 
sensi ve parameters on the reproduc on number a er the sensi vity analysis's findings. Most 
importantly, in order to forecast the eradica on of Lassa disease in Nigeria, we also inves gate 
the dynamical behavior of model (1) under various scenarios (that is, in increasing or decreasing 
order). Notably, we defined the total infected human popula on as the sum of exposed human 
and Infected deceased popula on that is ( 𝐸 +  𝐼 ) since Lassa fever exposed humans can 
transmit the infec on, and chose our ini al condi ons as follows, the first cumula ve suspected 
case of Lassa fever is assumed to be in the first exposed human popula on, which is given 
as  𝐸 (0) = 1340. The first cumula ve confirmed case of Lassa fever is assumed to be in the 
ini al infec ous human popula on, which is given as  𝐼 (0) = 476, with the ini al treatment of 
human popula on to be   𝑇 (0) = 0, while the ini al recovered human popula on is assumed to 
be given as,  𝑅 (0) = 0. We calculate the ini al suscep ble popula on as 𝑆(0) = 𝑁 (0) −
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[  𝐸 (0) +  𝐼 (0) +  𝑇 (0) +  𝑅 (0)] because the reported total human popula on of Nigeria is 
𝑁 (0) = 214,028,302. Moreover, the suscep ble rodents’ popula on and infected rodents’ 
popula on ini al condi ons are assumed to be  𝑆 (0) = 30000 and  𝐼 (0) = 20000 respec vely. 

 

 

 

 

 

We explored the effect of some parameters on the reproduc on number ℛ  based on the results 
from the sensi vity analysis, Since the reproduc on number is the threshold quan ty that 
determines the control or spread of disease in the popula on.  

Hence, the suscep ble human popula on was presented in fig.7(a, b, c, d), with figure 7(a) 
indica ng that, the natural death rate 𝜇 has nega ve impact on the suscep ble human 
popula on, and it is obvious that as me progress the suscep ble human popula on will con nue 
to decrease as the natural death rate increase. 

Figure 7(b) shows that the recruitment rate of suscep ble human Λ  has a posi ve impact for 
increasing the suscep ble human popula on. 

                           (c)                                                                      (d) 

Figure 7. plot showing the Simulations of Lassa fever model (1) of susceptible human 
population with the effects of control parameters 𝜇 in (𝑎), Λ in (𝑏), 𝛽  in (𝑐) and 𝛽  in 
(𝑑), using different initial conditions represented by different colours with parameter values 
given in Table 3.       
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Figure 7 (c) presents the effect of transmission probability from human-to-human (𝛽 ) on 
suscep ble human popula on respec vely. However, the changes in the suscep ble human 
popula on shows a very insignificant progression or neutral effect. 

Figure 7(d) presents the effect of transmission probability from rodent-to-human (𝛽 ) on 
suscep ble human popula on respec vely. However, the changes in the suscep ble human 
popula on shows a very insignificant progression or neutral effect. 

 

                                                 

  

 

                           (a)                                                                         (b) 

                           (c)                                                                      (d) 
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The exposed human popula on was presented in fig.8 (a, b, c, d, e, f), with figure 8 (a) indica ng 
that, the natural death rate 𝜇 has nega ve impact on the exposed human popula on, and it’s 
obvious that as me progress the suscep ble human popula on will con nue to decrease as the 
natural death rate increase. Figure 8 (b) shows that the rate of treatment failure 𝜑 in exposed 
human popula on has a very insignificant progression or neutral effect. 

Similarly, figure 8 (c) and (d) shows the posi vity impact for increasing the exposed human 
popula on in presence of transmission probability from human-to-human ( 𝛽 ) and rodent-to-
human (𝛽 ) on exposed human popula on respec vely.  

Figure 8 (e) shows that the Propor on of new exposed individual that become symptoma cally 
infected 𝜃  in exposed human popula on has a stability between 0 and 1. 

Similarly, figure 8 (f) indicate that the rate at which an exposed individual becomes infec ous 𝜉 
shows a very significant or posi vity impact for increasing the exposed human popula on in the 
order of smaller value of  𝜉 respec vely. 

 

                           (e)                                                                      (f) 

                           (a)                                                                    (b) 

Figure 7. plot showing the Simulations of Lassa fever model (1) of exposed human population 
with the effects of control parameters 𝜇 in (𝑎),  𝜑 in (𝑏), 𝛽  in (𝑐) and 𝛽  in (𝑑), in (𝑒) and 𝜉 in 
(𝑓) using different initial conditions represented by different colors with parameter values given 
in Table 3.       
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The infected human popula on was presented in fig.9 (a, b, c, d, e and f), with figure 9 (a) 
indica ng that, the natural death rate 𝜇 has nega ve impact on the infected human popula on, 
and it’s obvious that as me progress the infected human popula on will con nue to decrease 
as the natural death rate increase. 

Figure 9 (b) shows that the transmission probability from human-to-human ( 𝛽 ) has a very 
significant progression in infected human popula on 

Moreover, figure 9 (c) shows that the rate of treatment failure 𝜑 in infected human popula on 
has a very insignificant progression or neutral effect.  

Figure 9 (d), (e) and (f) indicate that the rate at which an infected human popula on shows a very 
significant or posi vity impact for increasing the infected human popula on in the order of 
smaller value.  

Figure 9. plot showing the Simulations of Lassa fever model (1) of infected human 
population with the effects of control parameters 𝜇 in (𝑎),  𝛽  in (𝑏), 𝜑 in (𝑐), 𝛾 in (𝑑), 
 𝛼 in (𝑒) and 𝜙 in (𝑓) using different initial conditions represented by different colours 
with parameter values given in Table 3. 

                           (c)                                                                     (d) 

                           (e)                                                                        (f) 
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                           (a)                                                                    (b) 

                           (c)                                                                     (d) 
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The 

infected deceased human popula on was presented in fig.10 (a, b, c, d, and e,), with figure 10 (a) 
shows the effect or progression of natural death rate 𝜇 on treated human popula on. and it’s 
obvious that as me progress the treated human popula on will con nue to decrease as the 
natural death rate increase and vice versa. 

Figure 10 (b) indicated that the if rate of treatment on infected human popula on increases as 
me progress the causality decreases and vice versa. Moreover, figure 10 (c) shows the posi vity 

impact of recovery of treated individuals and we can easily observe from the graph that a very 
significant or posi vity impact for increasing the recovery of treated of human popula on in the 
order of smaller value.  

Figure 10 (d) shows that 𝑡ℎ𝑒 rate of treatment failure has a very significant or posi vity impact for 
increasing the recovery of treated of human popula on. 

Similarly, figure 10 (e) shows the influence of nega ve or decrease progression of induced death 
of individual under treatment 
Consequently, plot showing the Simula ons of Lassa fever model (1) of the rodent’s popula on are 
as follows: 

                                                                (e)                                                                      

Figure 10. plot showing the Simulations of Lassa fever model (1) of treated human population 
with the effects of control parameters 𝜇 in (𝑎),  𝛽  in (𝑏), 𝜑 in (𝑐), 𝜉 in (𝑑), 𝜗 in (𝑒),  𝜍 in 
(𝑓),  𝛼  in (𝑔) 𝑎𝑛𝑑 𝛾  in (ℎ)  using different initial conditions represented by different colors 
with parameter values given in Table 3. 
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Figure 11 (a) shows the effect of rodent’s natural death rate 𝜗 on suscep ble rodents’ popula on 
against me where it depicts that as the rodent’s death rate increases the suscep ble rodent’s 
popula on decreases at me progress, and it’s obvious that the suscep ble rodent’s popula on 
has nega ve impact as me progresses. 

figure 11 (b) shows that the influence of recruitment rate Λ  of suscep ble rodent’s has a posi ve 
impact for increasing the suscep ble rodent’s popula on. 

Also, figure 11 (c) presents the effect of transmission probability of the on suscep ble rodent 
popula on against me where it depicts that as the transmission rate increases the suscep ble 
rodent popula on decreases at different value.  

                           (a)                                                                    (b) 

         (c)                                                                    

Figure 11. plot showing the Simulations of Lassa fever model (1) of susceptible rodents’ 
population with the effects of control parameters 𝜗 in (𝑎), Λ in (𝑏) and  𝛽  in (𝑐) using 
different initial conditions represented by different colours with parameter values given in 
Table 3.       
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The figure 12 (a) shows the effect of rodent’s natural death rate 𝜗on infected rodents’ popula on 
against me where it depicts that as the rodent’s death rate increases the infected rodent’s 
popula on decreases at me progress. 

figure 12 (b) shows the effect of recruitment rate on infected rodent’s popula on, it is noted that 
the effect is significantly increasing and more steadily as me progress and that has a posi ve 
impact for increasing the suscep ble rodent’s popula on. 

Similarly, figure 10 (e) shows the influence of progression rate transmission of rodent on infected 
rodents’ popula on, and it can be notedly seen that the effect is posi ve at slowly state. 
 

 

 

Conclusions 

                                  (a)                                                                      (b) 

Figure 12. plot showing the Simulations of Lassa fever model (1) of infected rodents’ 
population with the effects of control parameters ψ in (𝑎), Λ in (𝑏) and  𝛽  in (𝑐) using 
different initial conditions represented by different colours with parameter values given in 
Table 3.       

         (c)                                                                    
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 In this paper, a determinis c mathema cal model of Lassa fever epidemic with influence of 
treatment was formulated and analyzed. We obtain the basic reproduc on number ℛ  via next 
genera on matrix method, we have shown that if  ℛ  is greater than one, means the disease is 
spreading and also the number of infected individual increases as well. the disease-free 
equilibrium points and the endemic equilibrium point has been established. We have proven that 
the disease – free equilibrium (DFE) of the (LASV) model system is locally asympto cally stable if 
ℛ < 1 and 𝜀   is unstable if ℛ > 1.  This show that the early treatment of Lassa fever is necessary 
and meaningful. 

However, the results of the analysis revealed that the posi ve values of the parameters  𝜃, 𝜉, 𝛽  ,
𝛽  𝑎𝑛𝑑 Λ   is linked to an increase in the spread of Lassa fever and a drop in the nega ve values 
of the parameters Λ , 𝛾, 𝜓, 𝜙 and 𝜑   is related to an increase in the transmission of Lassa fever. 
Figure 6 depicted, the maximum nega ve values of the sensi vity index are natural mortality rate 
of rats 𝜗 and rate of treatment 𝛾, while the maximum posi ve values are transmission rate of 
mastomys rat’s 𝛽  and Transmission rate of human 𝛽 . Consequently, the findings indicate that a 
rise (or decrease) in the value of 𝛽  𝑎𝑛𝑑 𝛽   will result in a corresponding increase (or reduc on) 
in the reproduc on number. Addi onally, an increase (or decrease) in the value of  𝜗  will result 
in a corresponding decrease (or increase) in the number of rats.  
Lastly, the Lassa fever sensi vity analysis indicates that any control measures that lessen the 
likelihood of transmission and the rate at which rats are recruited into the popula on alongside 
with early treatment of Lassa fever vic ms will successfully reduce the spread of the disease.  
 

 

 

 

 

 

 

 

Recommenda ons 

To decrease the transmission of disease;  

i. Keeping the remaining parameters constant, the transmission rate (𝛽 ) and the 
coefficient (𝜉) should be less than 0 respectively.  

ii. Keeping the remaining parameters constant, the treatment failure rate (φ) should be 
less than 0.  

iii. Keeping the remaining parameters constant, the Lassa fever induced death rate for 
infectious individual rate (𝛼 ) should be greater than 0. 

iv. Keeping the remaining parameters constant, the treatment rate (𝛾) should be greater 
than 1. 
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v. Government needs to increase or adopt the principle of screening or testing, and 
managing population of infected family with effective and sufficient medication to 
protect non-infected population. 
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