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study, we have modeled the COVID-19 epidemic in Cameroon. We used early reported case data to predict 
the peak, assess the impact of containment measures, and the impact of undetected infected people on the 
epidemic trend and characteristics of COVID-19. The basic reproduction number is computed using 
Lyapunov functions, and the global stability of disease-free and endemic equilibrium are demonstrated. 

Keywords: COVID-19, lyapunov function, global stability, control, peak, SARS- CoV-2 coronavirus.

Classification: FOR Code: 321020p

Language: English

© 2020. L. Nkague Nkamba,, M. L. Mann Manyombe, T. T. Manga &, J. Mbang . This is a research/review paper, distributed under the terms of the
Creative Commons Attribution-Noncom-mercial 4.0 Unported License http://creativecom mons.org/licenses/by-nc/4.0/), permitting
all noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.





____________________________________________ 
 
 

Modeling Analysis of a SEIQR Epidemic Model to 
Assess the Impact of Undetected Cases and 

Containment Measures of the COVID-19 Outbreak 
in Cameroon

L. Nkague Nkamba α, M. L. Mann Manyombe σ, T. T. Manga ρ & J. Mbang Ѡ

COVID-19 is a highly contagious disease, and the strain is severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). It belongs to the coronavirus family, which can result in benign 
diseases in humans, such as a cold, and can also cause serious pathologies such as Severe 
Acute Respiratory Syndrome (SARS). In this study, we have modeled the COVID-19 epidemic in 
Cameroon. We used early reported case data to predict the peak, assess the impact of 
containment measures, and the impact of undetected infected people on the epidemic trend and 
characteristics of COVID-19. The basic reproduction number is computed using Lyapunov 
functions, and the global stability of disease-free and endemic equilibrium are demonstrated.
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Sources data
We collected the daily numbers of laboratory-confirmed COVID-19 active cases, deaths, and 
recovered patients, released by the Cameroon Health Emergency Operations Center, from March 
6, 2020 to May 4, 2020, to construct a real-time database.

I. INTRODUCTION

Departing from China in Wuhan on December 31, 2019, the coronavirus epidemic rapidly 
spread worldwide. After three months of the pandemic, 185 countries were affected [22]. As of 
April 12, 2020, the world has recorded 1.9 million confirmed cases, with more than 120,000 
deaths. Italy [25], France, the United States, and Spain pay the heaviest price in this pandemic. 
As of April 14, 2020, France reported more than 15,000 deaths, Spain reported more than 
18,000, Italy reported more than 20,000, and the United States reported more than 23,000 
deaths. As the world entered its sixteenth epidemiological week, the pandemic has become a 
public health problem for each affected country. Cameroon is one of the most affected countries 
in Africa, with nearly 1,000 cases confirmed as of April 15, 2020. COVID-19 is a highly 
contagious disease, and the strain is SARS-CoV-2 [26]. It belongs to the coronavirus family, 
which can cause benign diseases in humans, such as a cold, and can also cause serious 
pathologies such as Severe Acute Respiratory Syndrome (SARS). The SARS-CoV-2 coronavirus 
is not only transmitted from animals to humans but also from humans to humans. The 
environment is a significant transmission factor; the contact of the hands with infected surfaces, 
and then with the mouth, nose, and/or eyes can spread the disease. The average incubation time 
is 5 days, but it can last from 12 to 14 days [15,16]. The most common symptoms are a high fever 

ABSTRACT

 

L
on

d
on

 J
ou

rn
al

 o
f 

R
es

ea
rc

h
 in

 S
ci

en
ce

: N
at

u
ra

l a
n

d
 F

or
m

al

97 © 2020 London Journals Press Volume 20 | Issue 4 | Compilation 1.0



and cough. Some people may have headaches and body aches. In severe cases, the infection can 
cause respiratory distress. Some people do not develop symptoms but remain contagious. The 
virus is new; there is no proven treatment protocol, nor is a COVID-19 vaccine currently 
available. The coronavirus mortality rate varies from 2 to 5% from one country to another [12]. 
After two confirmed cases (01 imported and 01 other contaminated) in Yaound on March 06, 
2020, the Minister of Public Health activated the system management of public health 
emergencies. Subsequently, the escalation of the outbreak in the world sparked the return of 
several exposed people to Cameroon. The submerged entry device was only able to capture a few 
cases. The government has taken a series of measures to reduce the spread of COVID-19. More 
than 13 measures have been implemented throughout the country since March 18, 2020, with 
the key points being the closure of all maritime and land air borders, the closure of public and 
private schools and universities until further notice and the systematic quarantine of passengers 
arriving at the international airports of Douala and Yaound. However, the number of new 
confirmed cases in Yaound, Bafoussam, and Douala continues to increase (820 total cases 
recorded, including active cases), and the restriction of work causes a huge impact on society 
and the Cameroonian economy.

To this end, it is important to have a good understanding of the governing process. As part of the 
necessary multidisciplinary research approach, mathematical models have been extensively 
used to provide a framework for understanding COVID-19 transmission dynamics and control 
strategies of the infection spread in the host population. Mathemat- ical modeling provides an 
interesting tool for experts to improve disease control strategies. As recognized by WHO, 
mathematical models, especially those designed in a timely fash- ion, can play a key role in 
providing factual information to decision-makers. Modeling can indeed help better understand: 
(i) transmissibility of the disease; (ii) the time when the number of infected was highest during 
the epidemic; (iii) impact of some key parameters in the spread of disease; (iv) the severity of 
the infection; (v) how interventions have been and should be effective. R0 is an indication of the 
transmissibility of a virus, representing the average number of new infections generated by an 
infectious person in a totally nave population. For R0, the number infected is likely to increase, 
and for R0geq1, the transmission is likely to die out. The basic reproduction number is a central 
concept in infectious disease epidemiology, indicating the risk of an infectious agent with 
respect to epidemic spread [17]. Considerable works can be found regarding the estimation of 
the reproductive number of novel coronavirus COVID-19 [17,33]. Liu et al. identified  12 studies 
that estimated the basic reproductive number for COVID-19 from China and overseas. The 
period covered was from January 1, 2020, to February 7, 2020. They found that the R0 was 
between 1.4to 6.49. Several models have been used to understand the spread of COVID-19 
better. According to Kathakali Biswas et al., the cumulative data can fit into an empirical form 
obtained from a Susceptible-Infected-Removed (SIR) model studied on a Euclidean network 
previously [6]. Wu et al. [8,20] introduced a susceptible- exposed-infectious-recovered SEIR 
model to describe the transmission dynamics. The Chayu et al. model describes the multiple 
transmission pathways in the infection dy- namics and emphasizes the role of the environmental 
reservoir in the transmission and spread of this disease [29,30]. Some models are used to 
estimate the transmissivity and mortality of COVID-19 [31,32]. Some papers assessed 
governmental strategies as isolation of cases and contacts and quarantine [2,11]. Some of them 
covered the prediction of the peak [13,14,24]. The spread and control of COVID-19 in Australia 
was studied by Chang et al. [7]. Dashraath et al. found that pregnant women and their fetuses 
represent a high-risk population during infectious disease outbreaks [8]. Some authors have 
studied the impact of climate on the spread of COVID-19 [27,28]. Luo et al. discussed the role of 
absolute humidity on transmission rates of the COVID-19 outbreak [18].  Baud et al.
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showed real estimates of mortality following COVID-19 infection [3]. Zoltan et al. Studied
COVID-19 epidemic outcome predictions based on logistic fitting and estimation of its 
reliability.

In this paper, we present a dynamic model for the transmission of COVID-19 in Cameroon, and 
assess the impact of containment measures and undetected infected peo- ple on the epidemic 
trend and characteristics of COVID-19.   The model is based on   S, E, Ind, Id, Q, R compartments, 
that are the susceptible compartment (S), exposed com- partment (individuals in incubation 
period) (E), compartment of undetected infectious (Ind), detected infectious compartment (Id), 
quarantined individuals compartment (Q), and removed compartment (R), respectively. Using 
Lyapunov-LaSalle methods, we fully resolve the global dynamics of the model for the full 
parameter space. We demonstrate that the model exhibits threshold behavior with a globally 
stable disease-free equilibrium if the basic reproduction number is less than unity and a globally 
stable endemic equilibri- um if the basic reproduction number is greater than unity. In order to 
study the stability of a positive endemic equilibrium state, we use Lyapunov’s direct method and 
LaSalle’s Invariance Principle with a Lyapunov function of Goh-Volterra type:

where A1, . . . , An  are constants, xi  is the population of ith compartment, and x∗
i   is the 

equilibrium level. Lyapunov functions of this type have also proven to be useful for Lotka–
Volterra predator–prey systems [4], and it appears that they can be useful for a more complex 
compartmental epidemic.

The manuscript is organized as follows. In the next section, we formulate the model and derive 
its basic properties. In Section 3, we present a mathematical analysis where the reproduction 
number is derived, the stability of disease-free equilibrium (DFE) is established, and the 
existence, uniqueness, and stability of an endemic equilibrium are shown. While Section 4 is 
devoted to numerical simulations conducted using data collected at the Cameroon Health 
Emergency Operation Center (COUS) from March 6, 2020, to April 14, 2020. Section 5 
concludes the paper and provides a discussion for future and ongoing works.

II. MODEL FORMULATION

In this section, we propose a compartmental model based on the diseases clinical pro- gression 
and the epidemiological status of individuals. Specifically, the population is subdivided into 
several compartments, namely: the susceptible compartment (S), ex- posed compartment 
(individuals in incubation period) (E), compartment of undetected infectious (Ind), detected 
infectious compartment (Id), quarantined individuals compart- ment (Q), and removed 
compartment (R). Our model includes a net inflow of susceptible individuals into the region at a 
rate of λ per unit time. This parameter includes new births, immigration, and emigration. The 
susceptible population is reduced by contain- ment rate cf . Moreover, the susceptible 
population decreases after infection, acquired through interaction between a susceptible 
individual and an undetected infected person (at a rate of β1) or detected infected person (at a 
rate of β2). A newly infected suscep- tible individual from group S becomes an exposed 
individual, and the rate of infection is given by β1Ind + β2Id, where β1, β2 are the rate of 
transmission of compartments Ind and Id, respectively. Exposed individuals are infected 
individuals but not infectious for the community. Once exposed, individuals progress through 
the undetected infectious and detected infectious stages with an average δ. A fraction p (0 ≤ p ≤ 

V (x1, x2, ...xn) =
∑
i

Ai(xi − x∗i lnxi),
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infectious individuals are quarantined at a rate ε. σ2 is the recovery rate of quarantined 
individuals. The above-mentioned biological descriptions lead to the following system of 
nonlinear differential equations whose flow diagram, state variables, and parameters are 
displayed in Figure1and Table1, respectively.

(2.1)

Figure 1: Scheme of the compartmental model

1) of exposed individuals progress to the undetected infectious stage, while a fraction 1 − p of 
exposed individuals progress to the detected infectious stage. µ is the disease-caused death rate 
for Ind, Id, and Q compartments. After a screening, undetected infectious individuals are 
quarantined at a rate of α. The recovery rate of undetected infectious individuals is σ1. Detected 



Ṡ = λ− (β1Ind + β2Id)S − cfS,

Ė = (β1Ind + β2Id)S − δE,

İnd = pδE − (σ1 + α + µ)Ind,

İd = (1− p)δE − (ε+ µ)Id,

Q̇ = εId + αInd − (σ2 + µ)Q,

Ṙ = σ1Ind + σ2Q,

Table 1: Description of state variables and parameters of model (2.1).

Variables Description

S Susceptible individuals
E Exposed individuals
Ind Undetected infectious individuals
Id Detected infectious individuals
Q Quarantined individuals
R Recovered individuals
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Parameters Description Values (Range) Source

λ Recruitment of susceptible individuals 500 (250,1000) Assumed
β1 Transmission rate of undetected 0.001 (10−5, 5× 10−3) Estimated

infectious individuals
β2 Transmission rate of detected 0.0001 (10−6, 5× 10−3) Estimated

infectious individuals
cf Containment rate of susceptible individuals variable (0, 1) Assumed
δ Incubation rate 1/7 (1/14, 1/2) [23]
p Fraction of exposed who become 0.8262 (0, 1) Estimated

undetected infectious
µ Disease induced mortality rate 0.05 (0.03, 0.07) [1]
σ1 Recovery rate of undetected 1/15 (1/17, 1/12) [23]

infectious individuals
σ2 Recovery rate of quarantined individuals 1/15 (1/17, 1/12) [23]
α Quarantined rate of undetected variable (0, 1) Assumed

infectious individuals
ε Quarantined rate of detected variable (0, 1) Assumed

infectious individuals

III. MATHEMATICAL ANALYSIS

3.1 Basic properties

For the COVID-19 transmission model (2.1) to be epidemiologically meaningful, it is important 
to prove that all state variables are non-negative at all times. That is, solutions of the system 
(2.1) with non-negative initial data will remain non-negative for all time  t > 0.

Theorem 3.1 Let the initial data be S(0), E(0), Ind(0), Id(0), Q(0), R(0) be non- negative. Then, 
the solutions (S, E, Ind, Id, Q, R) of model (2.1) are positive and bounded for all t > 0, whenever 
they exist.

Proof : Suppose S(0) ≥ 0. The first equation of system (2.1) can be written as:

d

dt
[S(t)ρ(t)] = λρ(t)

where ρ(t) = exp
(∫ t

0
[β1Ind(s) + β2Id(s) + cf ]ds

)
> 0 is the integrating factor. Hence,

integrating this last relation with respect to t, we have

S(t)ρ(t)− S(0) =

∫ t

0

λρ(s)ds,

so that the division of both side by ρ(t) yields

S(t) =

[
S(0) +

∫ t

0

λρ(s)ds

]
× ρ−1(t) > 0.

The same arguments can be used to prove that E(t) > 0 and Ind(t), Id(t), Q(t), R(t) ≥ 0

for all t > 0.
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where d0 = min{cf , µ}. This implies that

lim
t→+∞

supN(t) ≤ λ

d0
.

Further, from (2.1), we have Ṡ ≤ λ− cfS. Thus, lim
t→+∞

supS(t) ≤ λ

d0
. This completes the

proof.

Combining Theorem3.1with the trivial existence and uniqueness of a local solution for the model 
(2.1), we have established the following theorem which ensures the mathe- matical and 
biological well-posedness of the system (2.1).

Theorem 3.2 The dynamics of model (2.1) represent a dynamical system in the biological 
feasible compact set

Γ =

{
(S,E, Ind, Id, Q,R) ∈ R6

+ : 0 ≤ S ≤ λ

cf
, N ≤ λ

d0

}
.

The first four equations of model (2.1) are independent of the states Q and R. Con- sequently, 
after decoupling the equations for Q and R from model (2.1), we devote the analysis to the 
remaining equations of system (2.1) which becomes

Ṡ = λ− (β1Ind + β2Id)S − cfS,

Ė = (β1Ind + β2Id)S − δE,

İnd = pδE − (σ1 + α + µ)Ind,

İd = (1− p)δE − (ε+ µ)Id.

(3.1)

It is easy to check that model (3.1) always has a disease-free equilibrium P0 = (S0, 0, 0, 0)

where S0 =       , which is obtained by setting the right-hand side of system (3.1) to zero.

A key quantity in classic epidemiological models is the basic reproduction number, denoted by 
R0. It is a useful threshold in the study of a disease for predicting a disease outbreak and for 
evaluating the control strategies. Following [9], the next-generation approach is used to 
calculate R0. Let

λ

cf

be the vector of new generated infected and the vector of transfers between compartments,

respectively. The Jacobian matrices of F and V at the DFE P0 are

F =

 0 β1S0 β2S0

pδ 0 0
(1− p)δ 0 0

 and V =

 −δ 0 0
0 −(σ1 + µ+ α) 0
0 0 −(µ+ ε)

 .

F =
(
β1SInd+β2Id, pδE, (1−p)δE

)T
and V =

(
−δE,−(σ1+µ+α)Ind,−(µ+ε)Id

)T
,
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From the conclusion by [9], the associated basic reproduction number R0 of (3.1) is the spectral 
radius of the next-generation matrix −FV −1. That is

R0 =

√
λ

cf

(
pβ1

σ1 + µ+ α
+

(1− p)β2
µ+ ε

)
, (3.2)

(3.3)

(3.4)

R2
0 =

λpβ1
cf (σ1 + µ+ α)

+
λ(1− p)β2
cf (µ+ ε)

R2
0 = RInd +RId

which represents the average number of secondary COVID-19 infections. In fact,

RInd = λpβ1
cf (σ1+µ+α)

is the average number of secondary infections caused by an undetected

infectious individual, while RId = λ(1−p)β2
cf (µ+ε)

is the average number of secondary infections

caused by a detected infectious individual. When p is near to unity, the weight of R0 is

greatly impacted by undetected infectious individual

The infected population can be effectively controlled if R0 < 1. To ensure that the

effective control of the infected population is independent of the initial size of the human

population, a global asymptotic stability result must be established for the DFE.

Theorem 3.3 If R0 ≤ 1, then the disease-free equilibrium is globally asymptotically sta-

ble.

Proof : Let X = (S,E, Ind, Id)
T and consider a Lyapunov function,

V(X) = E +
β1S0

σ1 + α + µ
Ind +

β2S0

ε+ µ
Id.

Direct calculation leads to

V̇ = Ė +
β1S0

σ1 + α + µ
İnd +

β2S0

ε+ µ
İd,

= (β1Ind + β2Id)S − δE +
β1S0

σ1 + α + µ
(pδE − (σ1 + α + µ)Ind) +

β2S0

ε+ µ
((1− p)δE − (ε+ µ)Id)

= (β1Ind + β2Id)(S − S0) +

(
pβ1S0

σ1 + α + µ
+

(1− p)β2S0

ε+ µ
− 1

)
δE

Since S ≤ S0, we have

V̇ ≤ δ(R2
0 − 1)E ≤ 0 whenever R0 ≤ 1.

Furthermore,

V̇ = 0↔ E = 0, Ind = 0, Id = 0 or S = S0 andR0 = 1.
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Thus, the largest invariant set H such as H ⊂ {X ∈ Ω/V̇(X) = 0} is the singleton {P0}.
By LaSalle’s Invariance Principle, P0 is globally asymptotically stable in Γ, completing

the proof.

3.3 Endemic equilibrium and its stability

An equilibrium P ∗ = (S∗, E∗, I∗nd, I
∗
d) of model must satisfy the following equations:

λ− β1S∗I∗nd − β2S∗I∗d − cfS∗ = 0,
β1S

∗I∗nd + β2S
∗I∗d − δE∗ = 0,

pδE∗ − (σ1 + α + µ)I∗nd = 0,
(1− p)δE∗ − (ε+ µ)I∗d = 0.

Solving ( ) for P ∗ yields

S∗ =
λ

β1I∗nd + β2I∗d + cf
, I∗nd =

pδE∗

σ1 + d+ µ
, I∗d =

(1− p)δE∗

ε+ µ
. (3.6)

By adding the two first equations of ( ), we obtain

λ− cfS∗ − δE∗ = 0 (3.7)

After substituting ( ) into ( ), we obtain the following equation for E∗

− δcfR2
0

λ
(E∗)2 + cf (R2

0 − 1)E∗ = 0, (3.8)

from which, we have E∗ =
λ

δ

(
1− 1

R2
0

)
.

Substituting the expression of E∗ in ( ), we have

S∗ =
λ

cfR2
0

, I∗nd =
pλ

σ1 + α + µ

(
1− 1

R2
0

)
, I∗d =

(1− p)λ
ε+ µ

(
1− 1

R2
0

)
,

λ = (β1I
∗
nd + β2I

∗
d)S∗ + cfS

∗,
(β1I

∗
nd + β2I

∗
d)S∗ = δE∗,
pδE∗ = (σ1 + α + µ)I∗nd,

(1− p)δE∗ = (ε+ µ)I∗d .

which exist whenever R0 > 1.

We further establish that all solutions in the interior of the feasible region converge to the 
unique endemic equilibrium P∗ if R0 > 1. Therefore, COVID-19 will persist at the endemic 
equilibrium level. The proof is accomplished by constructing a global Lyapunov function. 
Lyapunov functions of Goh–Volterra type have been used in the literature (see [10,19]).

Theorem 3.4 If R0 > 1, then the endemic equilibrium point  P    is globally 
asymptotically stable in Γ.

Proof : We know that the endemic equilibrium P∗ for system3.1satisfies the following equalities:

∗ = (S∗, E∗, I∗nd, I
∗
d)

(3.5)

(3.5)

(3.6)

(3.5)

(3.6) 3.7

3.1

(3.9)
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Let X = (S,E, Ind, Id)
T ∈ R4

+ and consider the following candidate Lyapunov function

V1(x) =

(
S − S∗ − S∗ ln

S

S∗

)
+

(
E − E∗ − E∗ ln

E

E∗

)
+b1

(
Ind − I∗nd − I∗nd ln

Ind
I∗nd

)
+ b2

(
Id − I∗d − I∗d ln

Id
I∗d

)
,

where

b1 =
β1S

∗

σ1 + α + µ
and b2 =

β2S
∗

ε+ µ
.

Note that V1(x) ≥ 0 for x ∈ IntΓ, the interior of Γ. Thus, function V1 is positive definite

with respect to the endemic equilibrium P ∗.

Differentiating V1(X) with respect to time yields:

V̇1 =

(
1− S∗

S

)
Ṡ +

(
1− E∗

E

)
Ė + b1

(
1− I∗nd

Ind

)
İnd + b2

(
1− I∗d

Id

)
İd,

=

(
1− S∗

S

)
(λ− (β1Ind + β2Id)S − cfS) +

(
1− E∗

E

)(
(β1Ind + β2Id)S − δE

)
+b1

(
1− I∗nd

Ind

)
(pδE − (σ1 + α + µ)Ind) + b2

(
1− I∗d

Id

)
((1− p)δE − (ε+ µ)Id).

Developing and using the first relation of ( ), we obtain

V̇1 = cfS
∗
(

2− S∗

S
− S

S∗

)
+ (β1I

∗
nd + β2I

∗
d)S∗ + δE∗ + b1(σ1 + α + µ)I∗nd + b2(ε+ µ)I∗d

−(β1I
∗
nd + β2I

∗
d)

(S∗)2

S
− (β1Ind + β2Id)

SE∗

E
− b1pδE

I∗nd
Ind
− b2(1− p)δE

I∗d
Id

Replacing b1 and b2 by their values and exploiting relations ( ), we have

b1pδ =
β1S

∗I∗nd
E∗

and b2(1− p)δ =
β2S

∗I∗d
E∗

. (3.10)

Thus, using relations ( ) and ( ), we obtain

V̇1 = cfS
∗
(

2− S∗

S
− S

S∗

)
+ 3(β1I

∗
nd + β2I

∗
d)S∗ − (β1I

∗
nd + β2I

∗
d)

(S∗)2

S

−(β1Ind + β2Id)
SE∗

E
− β1S∗I∗nd

EI∗nd
E∗Ind

− β2S∗I∗d
EI∗d
E∗Id

= cfS
∗
(

2− S∗

S
− S

S∗

)
+ β1I

∗
ndS

∗
(

3− S∗

S
− EI∗nd
E∗Ind

− SE∗Ind
S∗EI∗nd

)
+β2I

∗
dS
∗
(

3− S∗

S
− EI∗d
E∗Id

− SE∗Id
S∗EI∗d

)
.

3.9

3.9

3.9 3.10
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IV. NUMERICAL SIMULATIONS

4.1  Model fitting

Though the first confirmed case of COVID-19 was reported on 06th March 2020, the new cases 
are being reported continuously from 17th March 2020 onwards,. Therefore, we consider 17th

March 2020 as the starting date of the outbreak in Cameroon. We set the population size of 
Yaounde and Douala as the initial value of the susceptible group (S(0) = 8e6) since the COVID-
19 infectious cases before 17th March 2020 were all in these cities. The incubation period of 
COVID-19 ranges from 2to14 days, with a mean of 5  to 7 days [23], and we take the value 7 days 
in our model. The average recovery period is about 15 days [23], and thus, we set the disease 
recovery rates as σ1 = σ2 = 1/15 per day.

We fit our model to the daily cumulative new reported COVID-19 cases of Cameroon during the 
period 17th March 2020 to 10th April 2020. The daily cumulative case data are obtained from [1]. 
We estimate three unknown model parameters: (i) the transmission rate of undetected 
infectious (β1), (ii) transmission rate of detected infectious (β2), and (iii) fraction of population 
moved to undetected infectious exposed class (p) by fitting the model to the data of cumulative 
reported cases. We use the least-square method to carry out the parameter estimation, which is 
implemented by the command fminsearch in MATLAB (Mathworks R2013a) to minimize the 
sum of square function. In our case, the cumulative new reported cases from the model is given 
by

C(t,Θ) = C(0) +

∫ t

0

(αInd(s) + εId(s))ds,

where Θ = {β1, β2, p} and C(0) denotes the initial cumulative cases. The sum of square

function f(Θ, n) is given by

f(Θ, n) =
n∑
i=1

(
C(ti,Θ)− Cd(ti)

)2
,

where Cd (ti) is the actual data value at tth day and n is the number of data points.

The model fitting to the cumulative new reported cases is displayed in Figure2. The values of the 
estimated parameters are given in Table1. It is seen from Figure 2 that model (2.1) prediction 
shows a similar trend to the reported data of the cumulative confirmed cases.

 

 

Finally, using the arithmetic-geometric means inequality, n − (a1 + a2 + · · · + an) ≤ 0,

where a1 · a2 · · · an = 1 and a1, a2, . . . , an > 0, it follows that V̇1 ≤ 0. Furthermore,

V̇1 = 0⇐⇒ (S,E, Ind, Id) = (S∗, E∗, I∗nd, I
∗
d).

The global stability of the endemic equilibrium follows from the classical stability theorem

of Lyapunov and the LaSalle’s Invariance Principle.
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Figure 2: Model fitting to cumulative new COVID-19 reported cases for the period 17th March 
2020 to 10th April 2020. The solid blue line represents the model solution and red circles are the 

discrete data points.
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4.2 Sensitivity analysis

We carried out a sensitivity analysis to determine the models robustness to parameter values. 
This is a tool to identify the most influential parameters in determining model dynamics [5]. A 
Latin Hypercube Sampling (LHS) scheme [21] that samples 1000 values for each input 
parameter using a uniform distribution over the range of ecologically realistic values is provided 
in Figure3with descriptions and references in Table1. Us   ing the system of differential 
equations that describe (2.1), 5000 model simulations were performed by randomly pairing 
sampled values for all LHS parameters. Partial Rank Correlation Coefficients (PRCC) and 
corresponding p-values between R0 and each parameter were computed. An output is assumed 
sensitive to an input if the corresponding PRCC is less than −0.50 or greater than +0.50, and the 
corresponding p-value is less than 5%.

From Figure 3, we can identify parameters that strongly influence the dynamics of COVID-19 
infection, namely λ, β1, β2, cf , α, and ε. Parameters λ, β1 and β2 have a positive influence on the 
basic reproduction number R0, that is, an increase in these parameters implies an increase in R0. 
While parameters cf , ε and α have a negative influence on the basic reproduction number R0, 
that is, an increase in these parameters implies a decrease in R0. Thus, from this sensitivity 
analysis, the following suggestions are made:

i. The lock-down of borders could be an effective control measure against the growing of 
COVID-19 infection because it reduces the value of influx rate λ;
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Figure 3: Sensitivity analysis between R0 and each parameter.

ii. The containment of susceptible individuals may play an important role in minimizing the 
size of infected individuals because it helps reduce the values of transmission rates β1 and β2, 
and helps increase the value of containment rate cf .

iii. Massive screening is another good control tool against COVID-19 infection because it helps 
increase the value of quarantined rate α and helps reduces the value of p.

We perform numerical simulations in order to examine the short-term predictions of the model 
(2.1) starting from April 03 (marked as day 0 in these simulations). The parameter values used 
in this section are listed in Table1.

Figures 4 and 5 display short-term predictions for undetected infectious ( Ind) and de- tected 
infectious (Id) in Cameroon using our model. These figures show that the infection level, starting 
from April 03, would continue increasing, reaching a peak value, and then gradually go down 
afterward.

To further explore the possible impact of extensive screening on the disease transmis- sion, we 
plot model (2.1) by varying the values of proportion p and quarantined rate α. We first consider 
the situation where 80% of the exposed individuals become undetected infectious (i.e., p = 0.8). 
Figure 4 depicts the effect of the proportion of undetected cases (p) on disease transmission. 
From this figure, we see that the peak of the outbreak occurs

4.3  Short-term predictions
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Figure 4: Effect of the proportion p on disease transmission.

at around 40 days. For the low value of the proportion p (i.e., p = 0.5), it is observed that the 
peak of the outbreak is shifted to 50 days, and the peak value of the outbreak is decreased. If the 
proportion p is reduced further (i.e., p = 0.2), the peak is shifted to 80 days, and the peak value 
of the outbreak is further lowered. In summary, with reducing proportion p, the peak arrives 
much later, and the peak value is lower.
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Figure 5: Effect of quarantined rate of undetected infectious on the disease transmission.

Now, we fix the value of proportion p = 0.8 and vary the quarantined rate α. Figure 5 depicts the 
effect of the quarantined rate of undetected infectious cases ( α) on disease transmission. This 
figure shows that with increasing α, the peak of the outbreak arrives much later, and the peak 
value is further lowered.
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V.   CONCLUSION AND DISCUSSION

We were pursuing the objective of setting up a compartmental propagation model for COVID-19 
and showing the incidence of certain key parameters in the evolution of this disease. The S E I Q 
R model led to a sensitivity analysis, which shows a strong dominance of the confinement rate 
and the quarantine speed over the basic reproduction number R0. Considering the situation in 
Cameroon, with a higher proportion of infected people not detected, a slow quarantine rate will 
increase the peak of infected people, which will grow with continued delays. Therefore, this 
study has the merit of exposing the impact of the rate of confinement in the spread of the 
disease and the need to have capacities in terms of treatment and isolation of patients. 
Consequently, new ways are opened for better control of undetected infected people, 
representing 80% of the infected population in our mathematical model, and the strategy to 
master the confinement of the population.
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