
Journal of Advanced Education and Sciences 2021; 1(2):01-07 ISSN NO: 2583-2360 

Page | 1 

Lassa fever model with variability in susceptibility due to awareness 
level 

Obasi Chinedu1* and Mbah GCE2 
1, 2 Department of Mathematics, University of Nigeria, Nsukka, Nigeria 

Correspondence Author: Obasi Chinedu 
Received 8 Jun 2021; Accepted 15 July 2021; Published 19 Aug 2021 

Abstract 
This paper modifies a mathematical model for the transmission dynamics of Lassa fever that accounted for awareness level due 
susceptibility. The modified model classifies the susceptible individuals by their level of Lassa fever awareness and further expands 
the number of key factors that can affect the Lassa fever dynamics. The effect of these factors on the associated reproduction number 
of the model is considered. The model is analysed by using stability theory of differential equations. The model analysis shows that 
the spread of Lassa fever disease can be controlled by using awareness programmes. The simulation analysis of the model confirms 
the analytical results. 
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Introduction 
Infectious diseases have always been a major public health 
threat to human life and health. We face the challenge of Lasa 
fever (LF) recently. LF is an acute viral illness cause by Lassa 
virus which belongs to the member of Arenavirus family. The 
disease was first described in the 1950s and the virus was 
identified in 1969, when two missionary nurses died from it in 
the town of Lassa in Borno state, Nigeria [2]. Lassa fever is 
endemic in West African countries such as Guinea, Liberia, 
Sierra Leone and Nigeria. The animal host of the Lassa virus is 
the rodents called Mastomys Natalensis [3]. Lassa fever can be 
transmitted through ingestion of food that is contaminated with 
infected rodent’s saliva, urine or excreta, inhalation of the 
aerosol as occurs during the sweeping of an area where the 
droppings are present, contaminated needles or exposure to an 
infected aerosol in health care setting and person-to-person 
transmission occurs through body fluid exchange [10]. The 
symptoms of LF take up to three weeks to manifest [1]. They 
start with a lower fever, tiredness, body ache, sore throat and 
headache, nausea, vomiting and even diarrhea, high fever, 
swelling of the face, bleeding from the eyes or nose, breathing 
difficulties, severe pain in the back, chest and abdomen, etc. [4]. 
There is no approved vaccine for Lassa fever but it can be 
treated using Ribavirin which is effective during early stage of 
infectiousness [7]. Even though fatality is high, LF is still 
preventable especially through public health education 
awareness.  
Effective public health education is a cornerstone in the 
primary prevention and control of infectious disease and can 
reduce the social burden of the disease [6]. In recent years, with 
the impact of public health education on epidemic diseases, 
many mathematical models have been proposed, which focus 
on studying the impact of control mechanisms on LF, by either 
stochastic differential equation model or a deterministic model. 
However, these models did not provide in-depth information 

on variability in susceptibility due to awareness level has been 
published. Awareness is the ability to directly know and 
perceive, to feel, or to be cognizant of events. More broadly, it 
is the state of being conscious of something. Another definition 
describes it as a state wherein a subject is aware of some 
information when that information is directly available to bring 
to bear in the direction of a wide range of behavioural processes 
[8]. The concept is often synonymous to consciousness and is 
also understood as being consciousness itself [9]. The states of 
awareness are also associated with the states of experience so 
that the structure represented in awareness is mirrored in the 
structure of experience. In general, awareness may also refer to 
public or common knowledge or understanding about a social, 
scientific, or political issue, and hence many movements try to 
foster awareness of a given subject, that is, raising awareness. 
Examples include AIDS or Lassa fever awareness. In this 
context, awareness would mean level of education (knowledge 
or consciousness) about Lassa fever disease and its preventive 
measures. Here, we will be based on the model of Obasi and 
Mbah [6] and build a new compartment model that takes into 
account the effect of awareness level, discuss how this can 
affect the spread of the LF epidemic disease. 

2. The Model Formulation
The original idea of this model was partially motivated by the 
work of [6]. In this control model we assumed that susceptible 
individuals are divided into two groups depending on their 
level of education/awareness of the disease (any treatment 
policy); the low level of education (high risk) group, 𝑆𝑆ℎ1 and 
the high level of education (low risk) group, 𝑆𝑆ℎ2. The 𝑆𝑆ℎ1 class 
is educated at the per capita rate 𝑎𝑎 and thereafter move into the 
𝑆𝑆ℎ2 class. Lassa virus can invade the 𝑆𝑆ℎ1 and 𝑆𝑆ℎ2 classes, 
depending on the efficacy of the education programme. The 
programme is assumed to reduce the likelihood of infection by 

a factor of ( )0 1∂ ≤ ∂ ≤ . The case 0∂ =  signifies a completely
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effective education programme, while 1∂ =  models the 
situation where the education programme is totally ineffective. 
It was further assumed that the education programme produces 
temporary immunity at the per capital rate 𝑏𝑏. Hence, 𝑏𝑏 
measures the rate at which those in the 𝑆𝑆ℎ2 class return to the 

𝑆𝑆ℎ1 due to forgetfulness caused by lack of continuous exposure 
to the enlightenment programme while disease persists in the 
community. Thus, the Lassa fever model with variability in 
susceptibility due to awareness level is given in the following 
system of equations:  
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where 1 2 3(1 );rt
h r h r rI I e Iλ β σ β ε η λ β ϑ−= + + −    =  is the force of infection. The description of the state variables and 

parameters of the model is shown in Tables 1 and 2.  
 

Table 1: Description of the state variables of the model 
 

Variable Description 
𝑆𝑆ℎ1 Low level of education (high risk) susceptible group 
𝑆𝑆ℎ2 High level of education (low risk) susceptible group 
𝐸𝐸ℎ Number of Exposed humans 
𝐼𝐼ℎ Number of Infectious humans 
𝑅𝑅ℎ Number of Recovered humans 
𝑆𝑆𝑟𝑟 Number of Susceptible rodents 
𝐼𝐼𝑟𝑟 Number of Infectious rodents 
𝑅𝑅𝑟𝑟 Number of Recovered rodents 

 
Table 2: Description of the parameters of the basic Lassa fever model 

 

Parameters Description 
Λℎ Recruitment level of humans 
Λ𝑟𝑟 Recruitment level of rodents 
𝛿𝛿 Per capita Lassa-induced death rate 
𝜓𝜓 Recovered human loss of immunity 
𝜙𝜙 Natural individual recovery 
𝛽𝛽1 Transmission rate per contact by an infectious rodent 
𝛽𝛽2 Transmission rate per contact by an infective through sexual activity 
𝛽𝛽3 Transmission rate per contact by an infected rodent 
𝜂𝜂 Relative infectiousness of individuals with aerosol 
𝜇𝜇ℎ Natural mortality rate for humans 
𝜇𝜇𝑟𝑟 Natural mortality rate for rodents 
𝜅𝜅 Progression rate of human from exposed to infected 
𝜎𝜎 Contact rate of rodent per human per unit time 
𝜗𝜗 Relative human-to-rodent transmissibility of infected rodents 
𝜀𝜀 Relative human-to-human transmissibility of infected humans 
𝜕𝜕 Efficacy of the education programme 
𝑎𝑎, 𝑏𝑏 Immunity measures 
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𝜔𝜔 Recovery rate of rodents 
𝜑𝜑 Recovered rodent loss of immunity 
𝑁𝑁ℎ Total population of humans 
𝑁𝑁𝑟𝑟 Total population of rodents 

 
2.1 Basic Properties of the Model 
Since the model (1) monitors human population, all its 
associated parameters and state variables are assumed to be 
non-negative for all t ≥ 0. Before analysing the model, it is 
instructive to show that the state variables of the model remain 
non-negative for all non-negative initial conditions. Thus, we 
claim the following result.  
 
Theorem 1: Let the initial data be 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )1 20 , 0 , 0 , 0 , 0 , 0 , 0 , 0h h h h h r r rS S E I R S I R  be non-

negative. Then, the solutions ( )1 2, , , , , , ,h h h h h r r rS S E I R S I R  of 

model (1) are positive and bounded for all 0t > , whenever 
they exists. 
 
Proof 

 Suppose ( )1 0 0hS ≥ . The first equation of system (1) can be 
written as: 

( ) ( ) ( )1 ,h h
d S t t t
dt

η η= Λ  
 

where 
( ) ( )1 1

0

exp 0
t

h h h ht S dSη λ µ
 

= + >   
 
∫

is the 
integrating factor. Hence, integrating this last relation with 
respect to t, we have 
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so that the division of both side by ( )tη
yields 
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The same arguments can be used to prove that 

( ) ( ) ( ) ( ) ( ) ( )2 , , , , , , 0h h h h r r rS E t I t R t S t I t R t ≥  for all 0t > . 

Furthermore, let 1 2h h h h hN S S E I R= + + + + . Then, 
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This implies that as 
,sup .h

h
h

t N
µ
Λ

→ ∞ ≤
 Also from (1), we 

have that as: 
( ),sup r

r
r

t S t
µ
Λ

→ ∞ ≤
. 

 
This completes the proof.  
Combining Theorem 1 with the trivial existence and 
uniqueness of a local solution for the model (1), we have 
established the following theorem which ensures the 
mathematical and biological well-posedness of system (1). 

Theorem 2: The dynamics of model (1) is a dynamical system 
in the biological feasible compact set 
 

( ) 8
1 2: , , , , , , , : ,h r

h h h h h r r r h r
h r
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µ µ+

 Λ Λ
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       (2) 
3. Reproduction Number and LAS of the DFE 
The model (1) has a disease-free equilibrium (DFE), obtained 
by setting the right hand sides of the equations in the model to 
zero, given by 

 

( )0 0 0 0 0 0 0 0
0 1 2, , , , , , , , ,0,0,0, ,0,0h h r
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Where,

( ) ( )1 , 1 ,rt rt
h h

abG e b H e a T
G
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The stability of 0ξ  can be established using the next generation 
operator method on the system (1). Using the notations in [6], 

the matrices 𝐹𝐹 and 𝑉𝑉, for the new infection terms and the 
remaining transfer terms respectively, are given by 
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and 
( )

( )
( )

0 0
0

0 0

h

h

r

V
κ µ

κ φ µ δ
ω µ

+ 
 = − + + 
 +   

 
In the calculation of matrices 𝐹𝐹 and 𝑉𝑉, we took the infection 

variables to be ,h hE I and rI  as explained in [6]. Thus 

( )
( )( ) ( )

0 0
2 1 2 3h h r

alc h r
h h r r

S S
R R R

β κε β ϑ
κ µ φ µ δ µ ω µ
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   (4) 

where alcR  is obtained from ( )1FVρ −

with ρ  being the 

spectral radius of the matrix 
1FV −

. The following result 
follow from Theorem 2 in [6]: 
 

Lemma 1: The DFE of the model (1), 0ξ , is locally 

asymptotically stable if 1alcR <  and unstable if 1alcR > . The 

threshold quantity alcR is the effective reproduction number 
under awareness campaign control for the Lassa fever model. 
Biologically speaking, Lemma (1) implies that Lassa fever can 

be eliminated from the community (when 1alcR < ) if the 
initial sizes of the subpopulation of the model are in the basin 

of attraction of 0ξ  in the presence of awareness campaign.  
Assuming the of presence of awareness campaign can reduce 

the basic reproduction number 0R
 by a factor q , i.e.  

( ) 01alcR q R= − , we obtain that  
 

( )( ) ( ) 0
0

1 1 1 0.07001 1

1 0.07001 0.9299

rtalc
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R a e R q R
R T H G

q q
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∴ − = ⇒ =  
 
Thus, introduction of awareness campaign significantly 
reduces the transmission of LF required for successful 
eradication of the disease (requirement of at least 92.9% 
effectiveness). This means that the awareness reproduction 

number alcR is 92.9% smaller than the basic reproduction 

number 0R , indicating that introduction of awareness 
campaign as a control strategy is 92.9% effective in reducing 
LF transmission. This model predicts that awareness campaign 
control can reduce the population level transmission by up to 
92.9% alone without existing interventions.  
 
Theorem 3: Model (1) has a unique endemic (positive) 

equilibrium when (special case, 0ψ η φ= = = ) whenever 
1iqcR > .  

To establish the existence of endemic equilibria of model (1), 

for the special case 0ψ η φ= = =  let  
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 represent any arbitrary 

endemic equilibrium of model (1). The equations in (1), with 
0ψ η φ= = = , are solved in terms of the force of infection 

at the steady state to give 
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Substituting into the force of infection in the rodent, gives 0 0 0ra bλ∗ + = where,
 

( )( )
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0 3 1
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The coefficient 0a  is always positive, the coefficient 0b  is 

positive (negative) if alcR is less than (greater than) unity. 
Furthermore, there is no positive endemic equilibrium if 

0 0b ≥ . If 0 0b <  then there is a unique endemic equilibrium 

(given by 
0

0

b
arλ = ). This result is summarized below. 

Hence, a unique endemic equilibrium (for special case, 
0ψ η φ= = = ) exists whenever 1alcR > . 

 
3.1 Global Asymptotic Stability: Special case with 

0σ η= = . 

Consider the model (1) with 0σ η= = . We claim the 
following: 

Theorem 4: The DFE of the model (1) with 0σ η= =  is 

globally-asymptotically stable (GAS) whenever 1.alcR <  

Proof. Consider the model (1) with 0σ η= = . Further, 
consider the following linear Lyapunov function

( )h h hF E Iκ κ µ= + +   with Lyapunov derivative (where a dot 

represents differentiation with respect to t) 
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      (6)  

Hence, 0F ≤  if 1alcR ≤  with 0F =  if and only 0.hI =  
Therefore F  is a Lyaponuv function in Γ  and it follows 
Salle’s Invariance Principle [6], that every solution to the 

equations in (1) (with 0σ η= = ) with initial conditions in 

Γ  converges to 0ξ  as .t → ∞ i.e.,  
 

Theorem 5: If 1alcR > , then endemic equilibrium point of the 
model (1) is globally asymptotically stable if 

1 1 2 2, , , ,h h h h h h h h h hS S S S E E I I R R∗ ∗ ∗ ∗ ∗= = = = = and 

unstable if 1alcR < . 
 
Proof 
Consider the following Lyaponuv function, 
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Differentiating with respect to t, 
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H a S b S E I W I R bS aSµ µ µ φ δ µ φ ν ψ
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= + + + + + + +   = Λ + − + + + Hence we 

have
0dV

dt
=

 if 1 1 2 2, , , ,h h h h h h h h h hS S S S E E I I R R∗ ∗ ∗ ∗ ∗= = = = = , also 
0dV

dt
<

 if .H W>   
Thus, it is clear that the endemic equilibrium point of the model (1) is globally asymptotically stable. So the proof is completed. 

 
4. Numerical Simulations 
In this section, we use a numerical example to support the 
theoretical analysis above in this paper. By extracting some 

values from [6]. The simulations are produced by MATLAB. 
See Tables 1 and 2 in [6] for the description of parameters and 
their based line or range value. 
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Fig 1: Simulation results showing the general dynamics of the model 
 

From Figure 1, we can observe that infected individuals reduce 
in the presence of awareness campaign. This figure illustrates 
that the spread of Lassa fever disease can be controlled by using 
awareness programmes.  
 
Concluding Remarks 
In this paper, an extended mathematical model of Lassa fever 
disease transmission dynamics incorporating awareness 
campaign controls was presented. The disease-free and 
endemic equilibrium points were established. The effective 

reproduction number iqcR  of the model was obtained. By 
constructing a suitable Lyapunov functional, the global 
stability of the disease endemic equilibrium of the model was 

obtained for .iqcR  It was shown that if 1iqcR > , then the 
model has a unique endemic equilibrium, which is locally 
asymptotically stable. The result showed that efficacy of 
awareness campaign in preventing infection and rate of 
educating susceptible individuals will have a positive impact in 
reducing the burden of LF in the community. Thus, 
introduction of awareness campaign significantly reduces the 

transmission of LF required for successful eradication of the 
disease (requirement of at least 92.9% effectiveness). This 

means that the awareness reproduction number alcR is 92.9% 

smaller than the basic reproduction number 0R , indicating that 
introduction of awareness campaign as a control strategy is 
92.9% effective in reducing LF transmission. This model 
predicts that awareness campaign control can reduce the 
population level transmission by up to 92.9% alone without 
existing interventions. The model analysis shows that the 
spread of Lassa fever disease can be controlled by using 
awareness programmes. The simulation analysis of the model 
confirms the analytical results.  
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