
    

 International Journal of Advances in Engineering and Management (IJAEM)    

Volume 8, Issue 1 Jan. 2026, pp: 551-570     www.ijaem.net     ISSN: 2395-5252  

                                         

  

DOI: 10.35629/5252-0801551570    | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal        Page 551  

Controlling the Transmission Dynamics of Lassa 

Fever through Integrated Control Strategies  

  

Silas Daniel and Zainab Ali Mohammed  
Department of Mathematics, Adamawa State University, Mubi, Nigeria  

----------------------------------------------------------------------------------------------------------------------------- ----------  

Date of Submission: 23-01-2026                                                                           Date of Acceptance: 05-02-2026  

----------------------------------------------------------------------------------------------------------------------------- ----------    

Abstract  

Lassa fever continues to pose a major public health 

threat in West Africa, particularly in Nigeria where 

the disease remains endemic. This study presents a 

comprehensive two-host mathematical model that 

captures the transmission dynamics of Lassa fever 

among humans, rodents, and the environment. The 

model incorporates asymptomatic human infection 

and dual environmental contamination pathways 

(through contaminated items and aerosols). Four 

intervention strategies are integrated: surveillance 

and case detection, infection control, public health 

education, and rodent-targeted control. Analytical 

results establish the positivity and boundedness of 

solutions, derive the disease-free equilibrium 

(DFE), compute the basic and controlled 

reproduction numbers, and determine local and 

global stability conditions using the next-generation 

matrix and Routh–Hurwitz criteria. Numerical 

simulations reveal that combined interventions 

substantially reduce the infection burden in both 

humans and rodents, as well as environmental viral 

load. The controlled reproduction number decreases 

from R0 ≈ 2.47 (baseline) to Rc ≈ 0.52 under high 

control intensity, indicating potential disease 

elimination. The results emphasize that sustained 

surveillance, effective isolation, public awareness, 

environmental sanitation, and rodent population 

management are critical for long-term control and 

eventual eradication of Lassa fever in endemic 

regions. 
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           1. Introduction 

Lassa fever is a severe viral hemorrhagic illness 

endemic to West Africa, with Nigeria reporting the 

majority of annual cases and fatalities. The disease 

is caused by the Lassa virus, a member of the 

Arenaviridae family, and is primarily transmitted to 

humans through contact with food or household 

items contaminated with the urine or feces of 

infected Mastomys natalensis rodents, the natural 

reservoir of the virus. Secondary human-to-human 

transmission also occurs, particularly among 

healthcare workers and family members caring for 

infected patients. Despite decades of research and 

recurrent outbreaks, Lassa fever remains a major 

public health challenge due to persistent rodent–

human contact, poor environmental hygiene, and 

inadequate healthcare infrastructure in rural and 

peri-urban communities of Nigeria (WHO, 2023, 

NCDC, 2024). 

The Lassa virus exhibits complex transmission 

dynamics involving three primary routes: zoonotic 

transmission from infected rodents, direct human-

to-human transmission, and indirect environmental 

transmission through contaminated surfaces or 

aerosolized particles. Environmental persistence of 

the virus plays an important role in sustaining 

outbreaks even when rodent populations are 

temporarily reduced. Recent reports by the Nigeria 

Centre for Disease Control (NCDC) highlight the 

increasing number of cases linked to healthcare-

associated infections, emphasizing the need for 

comprehensive and integrated control strategies that 

combine medical, behavioral, and environmental 

interventions. 

Mathematical modeling provides a powerful 

approach to understanding infectious disease 
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dynamics, predicting epidemic trends, and 

designing effective control measures. Models serve 

as simplified representations of real-world disease 

processes, allowing the assessment of intervention 

outcomes under various epidemiological and 

demographic conditions. In the case of Lassa fever, 

modeling efforts have helped explain the interplay 

between human and rodent populations, 

environmental contamination, and the effectiveness 

of control strategies such as sanitation, public 

awareness, and case isolation (Iboi et al. , 2020, 

Adegboye et al., 2022). 

Traditional Lassa fever models have often 

focused on the direct transmission between rodents 

and humans, neglecting the indirect role of 

environmental reservoirs and the impact of 

asymptomatic infections. Asymptomatic 

individuals, although less infectious than 

symptomatic cases, can still contribute significantly 

to disease persistence by sustaining low-level 

transmission that is difficult to detect through 

conventional surveillance. Moreover, previous 

models rarely combined multiple realistic control 

measures within a unified framework, limiting their 

applicability for long-term policy evaluation. 

To address these gaps, this study develops a 

deterministic two-host Lassa fever model that 

explicitly incorporates asymptomatic human 

infection, dual environmental contamination 

pathways (through items and aerosols), and four 

control strategies: surveillance and case detection, 

infection control, public health education, and 

rodent-targeted intervention. The model aims to 

provide a comprehensive understanding of the joint 

effects of these controls on disease transmission, 

persistence, and eradication thresholds. 

The results from this study are expected to offer 

theoretical insight into the combined impact of 

human behavior, environmental hygiene, and rodent 

management on Lassa fever dynamics. By 

evaluating the reproduction number and stability 

properties, and through numerical simulations, the 

study demonstrates how coordinated control 

measures can effectively suppress outbreaks and 

promote long-term elimination of the disease in 

endemic settings such as Nigeria. 

           2. Literature Review 

Lassa fever has attracted significant epidemiological 

and modeling attention since its identification in the 

1960s, primarily due to its recurrent outbreaks and 

high mortality rate in endemic regions of West 

Africa. Numerous studies have investigated its 

virology, clinical presentation, transmission 

mechanisms, and control strategies. Recent 

developments in mathematical modeling have 

further improved our understanding of how human, 

rodent, and environmental factors interact to sustain 

disease transmission. 

Early epidemiological investigations 

established that the multimammate rat (Mastomys 

natalensis) acts as the principal reservoir of the 

Lassa virus (Gibb et al., 2017). Humans are 

typically infected through the ingestion or inhalation 

of materials contaminated with rodent excreta, and 

secondary infections occur through human-to-

human contact, particularly in healthcare settings 

where infection prevention measures are weak. 

Given the persistence of Lassa virus in rodent 

populations and contaminated environments, 

elimination efforts must combine both public health 

and ecological control strategies. 

Several deterministic models have been 

proposed to study the dynamics of Lassa fever 

transmission. Gibb et al. (2017) explored rodent 

ecology and demonstrated how fluctuations in 

population density influence spillover risks to 

humans. Iboi et al. (2020) developed a human–

rodent model that included time-dependent control 

variables such as education and sanitation, showing 

that early implementation of control strategies 

substantially reduces infection prevalence. 

Adegboye et al. (2022) extended this approach by 

incorporating environmental contamination, 

highlighting the role of indirect transmission 

pathways in sustaining outbreaks. 

Despite these advances, several research gaps 

remain. Most existing models treat all infected 

humans as a single homogeneous class, overlooking 

the epidemiological importance of asymptomatic 
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infections. In reality, many Lassa fever cases are 

mild or subclinical and may not be detected through 

routine surveillance, yet such cases can still 

contribute to viral shedding and transmission. The 

failure to account for these hidden carriers can lead 

to underestimation of the basic reproduction number 

and misjudgment of control requirements. 

Environmental factors are another critical 

component often simplified in previous studies. 

While some models consider a single environmental 

compartment, empirical evidence suggests that 

Lassa virus survival differs between contaminated 

surfaces and airborne particles. The distinction 

between these two reservoirs (contaminated items 

and contaminated aerosols), provides a more 

realistic framework to assess indirect transmission 

and environmental control effectiveness. 

In terms of control strategies, earlier 

mathematical studies commonly focused on single 

or dual interventions such as isolation or sanitation. 

However, effective control of Lassa fever requires a 

multifaceted approach that integrates active case 

detection, community education, infection control 

within health facilities, and rodent-targeted 

environmental management. Few models have 

captured the joint effect of these interventions, 

particularly when they interact through overlapping 

transmission routes. 

The current study builds upon these 

foundations by constructing a comprehensive 

twohost, multi-pathway model that includes 

asymptomatic infection and explicitly models 

environmental contamination through both fomites 

and aerosols. In addition, it introduces four control 

strategies: surveillance and case detection, 

infection control, public health education, and 

rodent-targeted interventions. This integration 

enables a holistic assessment of how human 

behavior, medical intervention, and ecological 

management jointly influence the reproduction 

number (R0), disease persistence, and the likelihood 

of eradication. 

           3.0 Materials and Methods 

              3.1 Model Formulation 

We consider a Lassa fever model consisting of two 

interacting host populations: humans and rodents. 

The human population is divided into susceptible 

(Sh), exposed (Eh), symptomatic infectious (Ih), and 

asymptomatic infectious (Ah), quarantined (Qh), 

and recovered (Rh) compartments. The rodent 

population is divided into susceptible (Sr) and 

infectious (Ir) classes. We have included 

environmental contamination as transmission 

pathway, thereby adding environment-human and 

rodents’ pathways. The environmental 

contamination is divided into: contaminated items 

(CI) and contaminated air or aerosols (CA). 

Symptomatic humans (Ih), asymptomatic humans 

(Ah), and infectious rodents 

(Ir) shed Lassa virus into both surface or items and 

air reservoirs at rates σIh,σAh,σIr (surface shedding) 

and ζIh,ζAh,ζIr (aerosol shedding). Decay, cleaning, 

and ventilation remove contamination at rates ωI 

and ωA, respectively. 

               3.2 Model variables and parameters 

The variables as well as the parameters used for our 

model, together with their descriptions and 

biological meanings are found in Table 1 and Table 

2 respectively. 
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Figure 2: Simulated dynamics of the ten compartments of the Lassa fever model under baseline, 

low, moderate, and high control scenarios for a period of one year. The curves represent human, 

rodent, and environmental populations respectively.  

  

4.3 Discussion of results 

The model was simulated for a period of one year (365 days) under four control scenarios: baseline (no 

control), low control (ui = 0.25), moderate control (ui = 0.50), and high control (ui = 0.75). 

Human dynamics: Under the baseline scenario, the susceptible human population Sh declines rapidly at 

the onset of the epidemic due to high force of infection from symptomatic, asymptomatic, and rodent 

sources. The exposed (Eh) and infectious (Ih and Ah) populations rise sharply, indicating fast transmission. 

However, as control measures are implemented, infection incidence decreases markedly. With moderate 

and high controls, Sh remains nearly constant, while both Eh and Ih exhibit lower and shorter peaks, 

signifying effective containment. The quarantined population Qh initially peaks higher under low control 

than at baseline. This occurs because partial control enhances case detection and isolation (u1 > 0) while 

infection prevalence remains relatively high. Thus, more individuals are transferred to quarantine 

temporarily. At higher control levels, both infection and detection stabilize, leading to lower quarantine 

peaks. This non-monotonic behaviour is biologically realistic, as improving detection while transmission is 

still active transiently increases quarantine numbers before eventual epidemic decline. The recovered class 

Rh increases with time as individuals leave the infectious and quarantined compartments. Under high 

control, recovery dominates over new infections, leading to eventual disease fade-out. 

Rodent dynamics: For rodents, the susceptible class Sr declines slowly due to persistent contact with 

contaminated environments and infected rodents, while the infectious rodent population Ir rises and 

stabilizes. Introduction of control u4 (rodent removal) significantly reduces Ir, especially under moderate 

and high control scenarios, confirming the importance of rodent population management in Lassa fever 

control. 

Environmental compartments: Both CI (contaminated items) and CA (contaminated aerosols) follow the 

trends of the infectious classes. They peak during the early epidemic phase and decay gradually as shedding 

sources diminish and sanitation control (u2) increases. Because aerosols decay faster than items, CA exhibits 

a lower and earlier peak. 
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Reproduction numbers and control impact: Using the model parameters, the basic reproduction number 

R0 for Nigeria was estimated as approximately R0 ≈ 2.47, implying that one infectious case generates about 

two to three secondary cases in a fully susceptible population. Under increasing control intensities, the 

controlled reproduction number Rc decreases progressively. For instance: 

Baseline: Rc ≈ 2.47, Low control: Rc ≈ 1.47, Moderate control: Rc ≈ 0.88, High control: Rc ≈ 0.52. 

These correspond to reductions of approximately 40%, 64%, and 79% in Rc relative to baseline. The declines 

below unity in the presence of moderate to high controls, indicate that infection eventually dies out in the 

long run. This is consistent with the results obtained from the qualitative analysis which showed that the 

model is locally and globally asymptomatically stable in the presence of control strategies. 

5. Conclusion 

The simulations reveal that simultaneous implementation of human-related interventions (early diagnosis, 

quarantine, and treatment), environmental sanitation, contact reduction, and rodent control are crucial for 

reducing Lassa fever transmission. Partial control may increase quarantine load due to enhanced detection, 

but sustained moderate or high control levels ensure that both human and rodent infections decline steadily, 

and environmental contamination is minimized. Therefore, integrated control efforts are essential for 

achieving effective and sustainable Lassa fever eradication in Nigeria. 
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