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Abstract: This study presents a deterministic mathematical model for the transmission dynamics of 

lassa fever in a heterogeneous population in Nigeria, incorporating both human and rodent 

compartments. The human population is divided into the susceptible, exposed, asymptomatic, infective 

and recovered classes. While, the rodent population consist of susceptible and infective classes. The 

model is analyses quantitatively to establish the positivity, boundedness and feasibility of solutions. 

The disease-free equilibrium (DFE) and endemic equilibrium (EE) are obtained and their stability is 

investigated using the Jacobian matrix and Routh-Hurwitz criteria. The basic reproduction number R̥₀ 

is derived using the next generational matrix method and is used as a threshold parameter to determine 

disease persistence. Sensitivity analysis is performed to identity key parameters influencing of the 

spread of the disease. Numerical simulations are carried out to illustrate the impact of these 

parameters to evaluate the effectiveness of control strategies such as hygiene, rodent control and 

treatment. The result shows that lassa fever can be controlled when R₀ < 1, and that a combination of 

intervention strategies significantly reduces disease transmission. This study provides useful insights 

for public health planning and policy formulation in controlling lassa fever outbreak in Nigeria.  
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INTRODUCTION 

 

Lassa fever is an acute viral hemorrhagic fever first isolated in a town called Lassa in the Yedseram 

valley in Borno State of the Northern part of Nigeria in 1969 (Tara, 2004). Lassa fever is endemic in 

Nigeria, Liberia, Sierra Leone, Guinea and other west Africa countries, affecting about 2-3 Million 

persons with 5000-10,000 fatalities annually (McCornick et al, 1970). The lassa virus was isolated 

from a patients blood in 1970. Scientist classified Lassa as a member of the Arenaviridae family called 

the Genus Arenavirus. Its an animal-borne disease, which means it is transmitted from animals to 

humans, primary through contact with the urine of faeces of infected mastomys rat (Frame, 1970). The 

disease predominantly occurs during the dry season from December to April, when rodents are likely 

to move indoors in search of food and refuge according to (World Health Organization, 2004).  
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Promed (2006) reported outbreaks in some cities of West Africa countries of Sierra leone, Liberia, 

Guinea, in other countries like Togo, Ivory Coast, Benin and Ghana, they are no records. Though 

isolated cases has shown proofs of the disease circulation ( Gunther, et al, 2001). Historically, two 

major endemic zones have been recognized which is the Mano River region which comprises of 

(Guinea, Sierra leone and Liberia) and Nigeria. person-to person transmission may occur primarily 

through in healthcare settings , where the virus may also be spread by contaminated medical 

equipments such as re-used needles and personal protective equipment (PPE) according to (World 

Health Organization, 2024).  

 

Lassa fever is a zoonotic disease, meaning it can be transmitted from infected animals to humans. The 

disease is caused by single-stranded Ribonuclei Acid (RNA) virus, and its endemic in West Africa 

countries (McCornick, 1970). The disease is caused by lassa virus, an arenavirus whose natural 

reservoir is the multimammate rat species known as Mastomys natalensis (fisher-Hoch et al, 1995). 

Because certain varieties of Mastomys often live in human homes which makes the virus easily 

transmissible to humans. Transmission occurs through direct contact with rat urine, faeces and saliva 

also contact with excretion or secretion infected materials or by ingestion of excretion contaminated 

foods, household items and environment. Individuals can also be exposed by skin breaks, and by 

mucous membranes from aerosol transmission from dust-borne particles. In some areas where rodents 

are used like a food source such as bush meats, can provide additional exposure to the infected rat 

blood, as well as allowing ingestion of potentially contaminated meat (Eze et al, 2010).  

 

Lassa virus can be transmited easily in humans, through human to human by aerosol transmission like 

Coughing and Sneezing or direct contact with human blood, human fluid secretion like semen, vaginal 

fluids and urine (Richmond, 2000). The incubation period of lassa fever ranges from 2-21 days, the 

onset of the disease is usually gradual, starting with fever, overall weakness, headache, malaise and 

hypertension. In some patient neurological problems may occur which includes hear loss which might 

be temporal or permanent (omalibu et al, 2005).  

 

It can be difficult to clinically distinguish lassa fever from other infectious disease like malaria, typhoid 

fever, shigellosis, yellow fever and other hemorrhagic fevers, especially in the early stages of the 

disease. Confirmations that symptoms are caused by Lassa virus are made using the following 

diagnostic methods such as the reverse transcriptase (RT-PCR), enzyme-linked immunosorbent assay 

( ELISA) and antigen detection tests virus isolation by cell culture according to World Health 

Organization, (2024).  

 

LITERATURE 

 

Extensive theoretical research and mathematical modelling efforts have been undertaken to enhance 

the understanding of lassa virus. Nwasuka and Nwachukwu (2019) developed a non-linear 

deterministic model to investigate the transmission dynamics of lassa fever, focusing on separation of 

infected individuals and treatment as control measures. Their model assumes that humans acquire 

infection constant interaction with infected rodents and treatment is only administered to isolated 

cases. The authors derived the effective reproduction number (Rₑf ₁f), showing that when Rₑ ff < 1, the 

disease free equilibrium is locally and globally asymptomatically stable, implying the possibility of 

disease eradication under proper interventions.  
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In contrast, Bakare et al, (2019) Extended the modelling approach by incorporating seasonality into 

the dynamics of lassa fever transmission through a periodically forced non-autonomous systems of 

differential equation. The model captured fluctuations in mastomys rodent population, which serve as 

the main reservoir of infection. The analysis demonstrated that timely treatment with ribavirin is 

critical for reducing mortality, while non-pharmaceutical such as public health education, improved 

hygiene, isolation of cases and rodent control are equally essential for curbing morbidity and disease 

persistence. Olamuyiwa et al, (2020) investigated the tramsmision dynamics of lassa fever by 

developing a basic deterministic model, their analysis emphasize that human primarily contract the 

virus through exposure of food, household items contaminated with rodent excreta, the threshold 

parameters were derived to assess disease persistence, Using the next generation matrix.  

 

Onuorah et al, (2016) developed a Lassa fever model using the sex structure approach. Their model 

represented the transmission dynamics of the Lassa fever disease using a set of ordinary differential 

equation. The total sum the population at  a time is denoted by Nₕ(t) was sub-divided into four (4) 

mutually exclusive sub-populations of susceptible  males S₁(t),  infected  males I₁(t),   Susceptible 

males S₂(t)  and    Infected females I₂(t)   such that  

 

Nₕ(t) = S₁ (t) + I₁ (t) + S₂ (t) + I₂ (t). similarly the total number of natural reservoir/ host population at 

time t, denoted by Nᵣ (t) was sub-divided into dormant reservoir R₁(t) , active reservoir host R₂(t), such 

that Nᵣ(t) = R₁(t) + R₂(t). Their model had the following assumptions. Susceptible individuals male or 

female can be infected by interaction with the active reservoir (Mastomys Natalensis ) and their sexual 

interaction with opposite sex. Two major controls were considered, the use of condom to reduce 

contact by sexual interaction and the use of pesticides to kill the natural reservoir (mastomys 

natalensis). Finally, horizontal transmission for huma and vertical transmission for the reservoir.  

 

Doohan et al, (2024) conducted a sytematic review and meta-analysis to synthesize knowledge on lassa 

outbreaks, epidemiological parameters and mathematical models which covers 193 publications which 

produced 440 parameter estimate. The authors extracted estimates related to seroprevelance, 

transmissibility, epidemiological delays, severity, risk factors and performed pooled analyses of case-

fatality ratios  (CFRs). Their findings show that although lassa fever remains endemic in West Africa, 

seroprevalence estimates are geographically inconsistent ranging from 2.6% to 58.2%, highlighting 

considerable spatial uncertainty in infection risk. Only four reproduction number Rₒ estimates were 

identified, with values between 1.13 and 1.40, reflecting the scarcity of robust transmission studies. 

The meta-analysis estimated a pooled CFR of 35.5% (95% CI: 25.8-2.2) and an average symptom on-

set to hospital-admission delay of 8-19 days (95% CI:7.31-9.06), both suggesting substantial gaps in 

timely case detection and care.  

 

In this paper, we extended an earlier work on Doohan et al, (2024). Specifically, we included a 

schematic diagram, sensitivity analysis, numerical computation of the basic reproductive number R₀ 

numerical simulation and extended the human population compartment which comprises of 

Susceptible (Sₕ), Exposed (Eₕ) Asymptomatic infective (Aₕ), Infective (Iₕ) and Recovered (Rₕ).  
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MATERIALS AND METHODS 

 

Parameters of the Model  

Nₕ        Total population of human population  

Nᵣ         Total population of rodent population  

Sₕ          Humans Susceptible to Lassa fever  

Sᵣ          Rats Susceptible to Lassa fever 

Eₕ          Humans Exposed to Lassa fever 

Aₕ          Humans infected with Lassa fever and are Asymptomatic  

Iₕ            Infective humans that are Symptomatic with Lassa fever 

Iᵣ            Infected rats with Lassa fever  

ᵦₕ            Human birth rate 

μₕ            Human natural death rate 

ϕₕ            Rate from recovered humans back to susceptible human population 

wₕ            Death caused by the disease  

ꞷₕ            Rate at which asymptomatic humans get recovered 

лₕ             Rate at which Susceptible humans becomes exposed 

kₕ             Rate at which asymptomatic individuals becomes infectious  

ᵟₕ        Rate at which infectious humans becomes recovered 

αₕ             Rate at which exposed humans becomes asymptomatically infective 

Rₒ             Reproductive number 

ᵦᵣ         Rat birth rate 

μᵣ              Rat natural death rate  

лᵣ               Rate of susceptible rat to infective rat 

ϴₕ              Correlation from the infective rat to the susceptible human 
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Figure 1.   A schematic description of the model 

 

 

The model 

From the assumptions  and the schematic diagram above we have the following equations for the  

population  
𝑑𝑠ₕ

𝑑𝑡
 = Bₕ + ϕₕRₕ - лₕSₕEₕ -ϴₕIᵣ - μₕSₕ                                                      (1) 

𝑑𝐸

𝑑𝑡 
 = лₕSₕEₕ - αₕEₕ - μₕEₕ                                                                         (2) 

𝑑𝐴

𝑑𝑡
 = αₕEₕ - (ꞷₕ + ᵧₕ + μₕ + kₕ) Aₕ                                              (3) 

𝑑𝐼

𝑑𝑡
 = kₕAₕ - (μₕ + Wₕ + ⸹ₕ) Iₕ                                                                    (4) 

𝑑𝑅

𝑑𝑡
 = ᵧₕAₕ + ⸹ₕIₕ + Aₕꞷₕ + ᵩₕSₕ - (μₕ + ϕₕ) Rₕ                                           (5) 

𝑑𝑆ᵣ

𝑑𝑡
 = Bᵣ + лᵣSᵣIᵣ - μᵣSᵣ                                                                               (6) 

𝑑𝐼ᵣ

𝑑𝑡
 = лSᵣIᵣ + ϴᵣIᵣ - μᵣIᵣ                                                                               (7) 

 

Total human population is given as;  

Nₕ = Sₕ + Eₕ + Aₕ + Iₕ + Rₕ 
𝑑𝑁

𝑑𝑡
 = Bₕ - ꞷₕIₕ - μₕ(Sₕ + Eₕ + Aₕ + Iₕ + Rₕ)                                                (8) 

𝑑𝑁

𝑑𝑡
 = Bₕ - Nμₕ - ꞷₕIₕ                                                                                     (9) 

The total reservoir population is given as  

Nᵣ = Bᵣ - μᵣ(Sᵣ + Iᵣ)                                                                                      (10) 
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𝑑𝑁ᵣ

𝑑𝑡
 = Bᵣ - Nᵣμᵣ                                                                                              (11) 

 

Basic properties of the model  

Theorem 1.  Presume that the equation is valid and every solution of the equation in the system of 

equation (9) with initial condition R⁵₊ continues and remain in the compact set Ω as t → ꝏ, the feasible 

solution, which is a positively invariant set of the model, is the given by  

                     Ω = { (Sₕ, Eₕ, Aₕ, Iₕ, Rₕ) ϵ ℝ⁵₊  : N(t) ≤ 
𝐵ₕ

𝜇ₕ
  }                           (12) 

Proof: From equation 9 we have  

                      
𝑑𝑁ₕ

𝑑𝑡
 = Bₕ - μₕN(t) - ꞷₕIₕ                                                          (13) 

 Since Bₕ > 0, μₕ > 0, ꞷₕ > 0, Iₕ > 0 and N > 0, we have  
𝑑𝑁ₕ

𝒅𝒕
 = Bₕ - μₕNₕ(t) - ꞷₕIₕ  ≤ Bₕ - ꞵN(t)                                                         (14) 

𝑑𝑁ₕ

𝑑𝑡 
 ≤ Bₕ - ꞷₕN(t)                                                                                         (15) 

𝑑𝑁ₕ

𝑑𝑡
 + μₕNₕ(t) ≤ Bₕ                                                                                        (16) 

Equation (16) is a linear first order differential inequality, it will be solved following the integration 

factor approach. It integration factor is  

I = eᶴᵘʰͭ ᵈͭ = eᵘʰͭ, 

Multiplying through by the integrating factor eᵘʰ ͭ, 
𝑑𝑁ₕ

𝑑𝑡
 . eᵘʰ ͭ + μₕN(t).eᵘʰͭ ≤ Bₕ.eᵘʰͭ                                             (17) 

𝑑

𝑑𝑡
 [eᵘʰͭ N(t)] ≤ Bₕeᵘʰͭ                                                           (18) 

Integrating the inequality on both sides and applying the initial condition at t = 0, we obtain , 

ʃ
𝑑

𝑑𝑡
[eᵘʰͭ N(t)] dt ≤ Bₕ ʃ eᵘͭ dt                                                                (19) 

Nₕ(t) ≤ Nₕ(0)e-ᵘʰͭ + 
𝐵ₕ

𝜇
 [1- e⁻ᵘ]ͭ                                                         (20) 

Hence, as t → ∞, Nₕ(0)e⁻ᵘʰͭ + 
𝐵ₕ

𝜇ₕ
 [1- e⁻ᵘʰͭ]→ 

𝐵ₕ

𝜇ₕ
  therefore, 

Nₕ(t) ≤ 
𝐵ₕ

𝜇ₕ
                                                                                               (21) 

 

Theorem 2 .   Presume that the equation is valid and that every solution of the equation in the system 

of equations (11) with the initial condition in R²₊ continues and remains in the compact set ꭥ as  t → 

∞. Then the feasible solution which is a positive invariant set of the model is given by  

ꭥ = {(Sᵣ, Iᵣ) ϵ ℝ²₊ : N(t) ≤ 
𝐵ᵣ

𝜇ᵣ
 }                                                             (22) 

Proof: from equation (11) , we have  
𝑑𝑁ᵣ

𝑑𝑡
 = Bᵣ - μᵣN(t)                                                                                               (23) 

Since Bᵣ > 0 , μᵣ > 0, ꞷᵣ > 0 and N > 0, we have  
𝑑𝑁ᵣ

𝑑𝑡 
 = Bᵣ - μᵣNᵣ(t) ≤  Bᵣ - μᵣNᵣ(t)                                                                       (24) 

𝑑𝑁ᵣ

𝑑𝑡
 ≤ Bᵣ - μᵣN(t)                                                                                               (25) 

𝑑𝑁ᵣ

𝑑𝑡 
 + μᵣNᵣ(t) ≤ Bᵣ                                                                                             (26) 
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Inequalities in equation (26) is a linear first order differential inequalities, it will be solved following 

the integration factor approach, it integration factor is  

I = eᶴᵘͬ ͭ  ͩ ᵗ = eᵘͬ ᵗ, 

Multiply through by the integrating factor  eᵘͬ ᵗ 
𝑑𝑁ᵣ

𝑑𝑡 
 . eᵘͬ ᵗ + μᵣN(t). eᵘ ͬᵗ ≤ Bᵣ. eᵘͬ ᵗ                                                        (27)   

𝑑

𝑑𝑡 
 [eᵘͬᵗ Nᵣ(t) ] ≤ Bᵣeᵘ ͬᵗ                                                                      (28) 

 

Integrating the inequalities on both side and applying the initial condition at t = 0, we obtain  

ʃ
𝑑

𝑑𝑡 
[eᵘͬ ᵗ N(t) dt ≤ Bᵣ  ʃ eᵘᵗ dt                                                              (29) 

Nᵣ(t) ≤ Nᵣ(0)e⁻ᵘᵗ + 
𝐵ᵣ

𝜇
 [1- e⁻ᵘᵗ ]                                                          (30)  

Hence, as t → ∞, Nᵣ(0)e⁻ᵘͬt  + 
𝐵ᵣ

𝜇ᵣ 
[1 - e⁻ᵘͬt  ]→ 

𝐵ᵣ

𝜇ᵣ
  therefore, 

Nᵣ(t) ≤ 
𝐵ᵣ

𝜇ᵣ 
                                                                                                           (31) 

 

Disease-Free Equilibrium (DFE) Of The Human Compartment 

Bₕ + ϕₕRₕ⁺ - πₕSₕ⁺E⁺ - θₕIᵣ⁺ - μₕSₕ⁺  =  0 

        πₕSₕ⁺Eₕ - αEₕ⁺ - μₕEₕ⁺ - μₕEₕ⁺  =  0 

       αEₕ⁺ - (ꞷₕ - γₕ - μₕ + kₕ ) Aₕ⁺   =  0     

       kₕAₕ⁺ - (μₕ + wₕ + δₕ ) Iₕ⁺        =  0 

γₕAₕ⁺ + δₕIₕ + ꞷₕAₕ⁺ + φₕSₕ⁺ - (μₕ + ϕₕ) Rₕ⁺ = 0 
𝑑𝑆ₕ

𝑑𝑡 
 = 

𝑑𝐸ₕ

𝑑𝑡  
  = 

𝑑𝐴ₕ

𝑑𝑡
 = 

𝑑𝐼ₕ

𝑑𝑡
 = 

𝑑𝑅ₕ

𝑑𝑡 
  = 0  

 

Local Stability Analysis Of The Disease-Free Equilibrium (DFE)  

For us to analyze our disease free equilibrium for stability we first obtain the Jacobian matrix at disease 

free equilibrium and basic reproduction number of our model. ⁺ 

The solution of |J - λI| gives the Eigenvalues as  

λ₁ = -(μₕ + πₕ),  

λ₂ = πₕ ( 𝐵ₕ( 𝜇ₕ+𝜙ₕ)  
𝜇ₕ(𝜇ₕ+ 𝜙ₕ+ 𝜋

) – (αₕ + μₕ),  

λ₃ = -(ꞷₕ + γₕ + μₕ + kₕ),  

λ₄ = -(μₕ + wₕ + μₕ + δₕ) 

λ₅ = -(μₕ + ϕₕ)  

Then the (DFE) P⁺ is asymptomatically stable if λi < 0,  i = 1,2,3,4,5 are unstable if at least one of λi 

> 0 for all ϕₕ, ꞷₕ, Bₕ, μₕ, πₕ, δₕ.  

 

Basic Reproductive Number (Rₒ)  

One of the most important concerns about any infectious disease is its ability to invade a population. 

Many epidemiological models have a disease free equilibrium (DFE) at which the population remains 

in the absence of the disease. These models usually have a threshold parameter, known as the basic 

reproductive number Rₒ  such that when Rₒ < 1, then the DFE is locally asymptomatically stable and 

the disease cannot invade the population, but if Rₒ < 1, then the DFE is unstable and invasion is always 

possible see (Hethcote, 1978).  
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The basic reproductive number Rₒ, is defined as the average number of secondary infection produced 

by a single infected individual during their infectious in a completely susceptible population. We use 

the next generation matrix approach as described by (Driessche and Wathmough, 2005) to derive our 

basic reproductive disease. 

Here, the basic reproduction number Rₒ is given by; 

Rₒ = ρ(FV‾¹), since the system is block diagnonal, we have:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rₒ = max(Rₕ, Rᵣ)  

Human Reproduction Number  

Rₕ =   
𝜋ₕ𝑆ₕαₕKₕ

(𝛼ₕ+ 𝜇ₕ)(ꞷₕ+𝛾ₕ+𝜇ₕ+𝑘ₕ)(𝜇ₕ+𝑊ₕ+ 𝛿ₕ)
 , substituting Sₕ = 

𝐵ₕ

𝜇ᵣ
 ; 

Rₕ = 
𝜋ₕ𝐵ₕ𝛼ₕ𝐾ₕ

𝜇ₕ(𝛼ₕ+ 𝜇ₕ)(ꞷₕ+ 𝛾ₕ+ 𝜇ₕ+𝐾ₕ)(𝜇ₕ+𝑊ₕ+ 𝛿ₕ) 

Rodent Reproduction number  

Rᵣ = 
𝜋ᵣ𝑆ᵣ

𝜇ᵣ+ 𝜃ᵣ 
 , substituting Sᵣ = 

𝐵ᵣ

𝜇ₕ
 ; 

Rᵣ = 
𝜋ᵣ𝐵ᵣ

𝜇ᵣ(𝜇ᵣ+ 𝜃ᵣ)
 

Substituting Rₕ and Rᵣ into Rₒ = max(Rₕ, Rᵣ), we obtain  

Rₒ = max(
𝜋ₕ𝐵ₕ𝛼ₕ𝑘ₕ

𝜇ₕ(𝛼ₕ+ 𝜇ₕ)(ꞷₕ+ 𝛾ₕ+ 𝜇ₕ+𝐾ₕ)(𝜇ₕ+𝑊ₕ+ 𝛿ₕ)
 , 

𝜋ᵣ𝐵ᵣ

𝜇ᵣ(𝜇ᵣ+ 𝜃ᵣ)
 ) 

 

Global Stability of DFE of human compartment 

In this section, we prove the global stability of DFE E+ when the basic reproductive number is less than 

or equal to unity. 

Theorem 4.13.1. The DFE E+ of the equilibrium (4.11) is globally asymptotically stable in 

Ω if R0 ≤ 1 

Proof: Since R0 ≤ 1, it follows that there exists ϵ0 > 0 such that 

 Bh + ∅hRh − πhShEh − θhIh − µhSh = 0 (32) 
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  (33) 

in view of the first equation in the system of equation 

  (34) 

  (35) 

Integrating Factor 

eR(µ)dt ≤ e(µ)t, 

multiply both equation by the integrating factor 

 

 

 
divide through by the coefficient of S(t) 

 
Hence, as t → ∞. 

  (36) 

consider the first equation 

  (37) 

                                                      , 

 

 

 
 

 

                                         by using the IF, we obtained 
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                                 multiply by the integrating factor 

 

 
Dividing both side by the integrating factor and taking limit as t → ∞. 

 lim E+(t) = 0 (37) 

x→0 

The Third equation in the system 

 αh
E

h
+ − (ωh + γh + µh + Kh)A

+
h = 0 (38) 

 
                                   By  using the IF, we obtained 

                                eR(ωh + γh + µh + Kh)dt = e(ωh+γh+µh+Kh)t 

 

multiply by the integrating factor 

 

 
Dividing both side by the integrating factor and taking limit as t → ∞. 

  (39) 

Consider the fourth 

  (40) 

 
by using the IF, we obtained 

                                  eR(µh + Wh + δh)Ih+dt = e(µh+Wh+δh)Ih+t 

multiply by the integrating factor 
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Dividing both side by the integrating factor and taking limit as t → ∞. 

lim I+(t) = 0 x→0 

consider the first equation 

  (42) 

, 

 

 

 
by using the IF, we obtained 

 
multiply by the integrating factor 

 

 
Dividing both side by the integrating factor and taking limit as t → ∞. 

 lim E+(t) = 0 (42) 

x→0 

The Third equation in the system 

 αh
E

h
+ − (ωh + γh + µh + Kh)A

+
h = 0 (43) 

 
by using the IF, we obtained 

eR(ωh + γh + µh + Kh)dt = e(ωh+γh+µh+Kh)t 

multiply by the integrating factor 

 

 
Dividing both side by the integrating factor and taking limit as t → ∞. 

  (44) 

(41

) 
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Consider the fourth 

  (45) 

 
by using the IF, we obtained 

eR(µh + Wh + δh)Ih+dt = e(µh+Wh+δh)Ih+t 

multiply by the integrating factor 

 

 
Dividing both side by the integrating factor and taking limit as t → ∞. 

lim I+(t) = 0 x→0 

Considering the fifty equation 

(46) 

γhA+h + δhIh+ + ωhA+h + φhSh+ − (µh + ∅h)Rh+ = 0 (47) 

 

 

 
Integrating Factor 

eR(µh + ∅h)dt ≤ e(µh+∅h)t 

, 

multiply both equation by the integrating factor 

 

 

 
divide through by the coefficient of R(t) 

 
Hence, as t → ∞. 
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  (48) 

the above equation, signifies a complete proof. Therefore, the DFE is globally stable 

 

Global Stability of DFE of Rat Compartment 

In this section, we prove the global stability of DFE E+ when the basic reproductive number of the 

rat compartment is less than or equal to unity. 

Theorem 4.14.1. The DFE E+ of the equilibrium is globally asymptotically stable in Ω if R0 ≤ 1 

Proof: Since R0 ≤ 1, it follows that there exists ϵ0 > 0 such that 

  (49) 

 
in view of the first equation in the system of equation 

 

 

 
Integrating Factor 

eRµrdt ≤ eµrt, 

multiply both equation by the integrating factor 

 

 
divide through by the coefficient of S(t) 

 
Hence, as t → ∞. 

  (50) 

Consider the first equation: 

(51) 

 

Taking the limit as t → ∞, we obtain  
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lim Ih
+(t) = 0. (52) 

t→∞ 

 

 

solution E∗ = (S∗,E∗,L∗,A∗,R∗) ̸= (0,0,0,0,0) of the above equation is given by 

  (5 

 

 

 

 

 
 

https://www.eajournals.org/


International Journal of Mathematics and Statistics Studies, 14 (1),51-67, 2026 

   Print ISSN: 2053-2229 (Print),                                   

Online ISSN: 2053-2210 (Online) 

Website: https://www.eajournals.org/                                                         

                               Publication of the European Centre for Research Training and Development -UK 

65 
 

 
Figure 4.1: graphical representation of numerical stimulation for both human and rodent compartment. 

 

Summary 

This thesis analyzed the transmission dynamics of Lassa fever in Nigeria using a deterministic 

compartmental model that captures interactions between human and rodent populations. The human 

population is divided into susceptible, exposed, asymptomatic, symptomatic, and recovered classes, 

while the rodent population consists of susceptible and infected groups. The model incorporates 

human-to-human and rodent-to-human transmission, as well as asymptomatic spread and population 

heterogeneity. Analytical results established the positivity and boundedness of solutions, existence of 

a disease-free equilibrium, and the basic reproduction number R0, which determines disease 

persistence. The disease-free equilibrium is stable when R0 < 1 and unstable otherwise. Findings reveal 

that Lassa fever persists due to infected rodents, favorable environmental conditions, and delayed 

detection. The inclusion of asymptomatic individuals highlights their significant role in silent 

transmission. Sensitivity analysis shows that rodent-to-human transmission and rodent population 

dynamics are key drivers of the disease. Among control strategies, rodent control is most effective 

individually, while combined interventions yield the greatest reduction and potential elimination of 

the disease. 

 

Contribution to Knowledge 

This study contributes to the existing body of knowledge on the mathematical modelling of infectious 

diseases by developing a deterministic compartmental model for the transmission dynamics of Lassa 

fever in a heterogeneous population. The model incorporates both human and rodent populations and 

introduces a realistic transmission structure by accounting for different epidemiological classes within 

the human population, including susceptible, exposed, infectious, and recovered individuals. Unlike 

several existing models that assume population homogeneity, this study incorporates heterogeneity in 

transmission dynamics, thereby providing a more accurate representation of Lassa fever spread in 

endemic regions such as Nigeria. The qualitative analysis of the model establishes the positivity and 

boundedness of solutions, ensuring that the model is biologically meaningful. The disease-free 
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equilibrium is determined and its stability is investigated using standard mathematical techniques. 

Furthermore, a sensitivity analysis is performed on the model parameters in order to identify the key 

drivers of disease transmission. The results reveal the parameters that have the most significant impact 

on the basic reproduction number and overall disease dynamics, thereby highlighting the most 

influential factors in the spread and control of Lassa fever. The findings of this study provide 

theoretical insight into the conditions under which Lassa fever can either die out or persist in the 

population, and contribute to a deeper understanding of its transmission dynamics WHO 

(2024). 
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