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ABSTRACT
SARS-CoV-2(COVID-19) is a very infectious symptomatic and asymptomatic infection caused by
Severe Acute Respiratory Syndrome Corona virus 2 (SAR-COV-2). COVID-19 is caused by the
SARS-CoV-2 virus, which spreads between people, mainly when an infected person is in close
contact with another uninfected person. In this research work, a mathematical model for the novel
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COVID 19 viral infectious disease which is ravaging the world today including Nigeria was
considered.. The mathematical model consists of four different compartments namely, susceptible,
infected, vaccine and recovered under convex incident rate. The formulation of the mathematical
model and some qualitative aspects for the model including the basic reproductive number of the
model, existence of equilibria and its stability results by using various tools of nonlinear analysis
were done. On the basis of simulations using Matlab Software package. Dynamical behaviour were
observed in the mathematical model due to the vaccine of susceptible and infected individuals or
one of those two classes of individuals. The x – rays features of this paper is to formulate and
analyse a mathematical model that extends and complements the ones in the literature by
incorporating the vaccination class denoted by V(t). Mathematical models are widely used to
examine, explain, and state the relevance of the use of vaccines to prevent the spread of the
dynamics of infectious diseases (COVID 19) transmission among the Nigerian populace.

Keywords: Mathematical model; vaccine; SARS-CoV-2(COVID-19); MATLAB; ordinary differential
equations; basic reproductive number; simulation.
touching these contaminated surfaces, then
touching their eyes, noses or mouths [3].

1. INTRODUCTION
Coronavirus 2 disease 2019 (COVID-19) is a
very Contagious symptomatic infection caused
by Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2). It has an animal
based origin from Bats, Betacoronavirus and
Sarbecoronavirus together with two bat-derived
strains, it is ravaging infection which has
destroyed millions of life worldwide.

However, transmission of SARS-CoV-2 occurs
primarily between people through direct, indirect,
or close contact with infected people through
infected secretions such as saliva and respiratory
secretions, or through their respiratory droplets,
which are expelled when an infected person
coughs, sneezes, talks [4].

The transmission dynamics of SARS-CoV- 2 (CO
VID 19) infection will be discussed in details in
this section of the research work. COVID-19 is
caused by the SARS-COV-2virus, which spreads
between people, mainly when an infected person
is in close proximity/ contact with another un
infected person. The virus can spread from an
infected person‟s mouth, nose in small liquid
droplets when they coughing, sneezing,
speaking, breathing heavily. These droplets are
different sizes, ranging from larger „respiratory
droplets‟ to smaller „aerosols‟. Person to person
can be infected with COVID-19 when the virus
gets into their mouth, nose or eyes, which is
more likely to happen when people are in direct
or close contact (less than 1 metre apart) with an
infected person [1].

The exposure to SARS-CoV-2(COVID-19)
infection can either be symptomatic (with
symptoms) or asymptomatic (without symptoms),
studies has shown that they are more deadly
during the asymptomatic level. Whether or not
they have symptoms, infected people can be
contagious and the virus can spread from them
to other people (horizontal transmission).Infected
people appear to be most infectious just before
they develop symptoms (namely 2 days before
they develop symptoms) and early in their
illness(onset of infection). People who develop
severe disease can be infectious for longer [5]

Aerosol transmission can occur in particularly in
indoor, crowded places and inadequately
ventilated spaces, where infected person(s)
spend long periods of time with others, such as
restaurants, choir practices, fitness classes,
nightclubs, offices, places of worship etc [2].

It should be noted that while someone who never
develops symptoms can transmit the virus to
others, it is still not clear how frequently this
occurs and more research is needed in this area.
The difference is that „asymptomatic‟ refers to
people who are infected but never develop any
symptoms, while „pre-symptomatic‟ refers to
infected people who have not yet developed
symptoms but go on to develop symptoms later
[5].

The virus can also spread after infected people
sneeze or cough on, or touch surfaces, or
objects, such as tables, doorknobs and
handrails. Other people may become infected by

Moreover, people are in close proximity to one
another for long periods of time, may increase
the risk of transmission. Indoor locations, where
there is poor or no ventilation the possibility of
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developing a viral vaccination for the SARS-CoV2(COVID 19)infection is high and a subject of
discussion.

Where both β and
τ are positive constants [10]. The flow chart or
the transmission diagram of the mathematical
model is shown in Fig. 1.

Some people and country have developed theirs
while some may be very skeptical about it due to
some numerous factors which cannot be
discussed during the scope of this research
work. But the development of vaccine is
inevitable and effort is ongoing to develop
veritable vaccine both for prevention and cure of
SARS-CoV-2(COVID 19).

The dynamics of the population are described by
the following differential equations

Vaccination is a simple, safe, and effective way
of protecting people against harmful diseases,
before coming into contact with the infection. It
uses the body‟s natural defenses to build
resistance to specific infections and makes
immune system stronger. Vaccines train the
immune system to create antibodies, before
exposed to a disease [6].

dS
  S(t)I(t)(1I(t))R(t) ( )S(t);
dt

(1)

dI
 S(t)I(t)(1I(t))(a  b)I(t);
dt

(2)

dV
(a b)I(t) S(t) ()V(t);
dt

(3)

dR
 V (t )  (    ) R (t ).
dt

Mathematical
modelling
of
transmission
dynamics of infectious diseases with the
presence of vaccines is now ubiquitous [7]. A
series of mathematical models has been
investigated by many researchers to describe the
interactive dynamics of infectious diseases [8].
We proposed here a deterministic ordinary
differential equations model that can represent
the overall dynamics of the novel coronavirus or
SARS CoV- 2.

(4)

Hellewell et al. [11] showed that (for most
instances) the spread of COVID-19 can be
effectively contained in 3 months if contacttracing and isolation are highly effective.
Furthermore, using another stochastic model to
study the COVID-19 trajectory in the Wuhan city
of China from January to February, 2020,
Kucharski et al. [12] showed that a reduction in
COVID-19 transmission can be achieve when
travel restrictions are implemented. Using a
model for assessing the effect of mass influenza
vaccination on the spread of COVID-19 and
other influenza-like pathogens co-circulating
during an influenza season, Li et al. (2020)
showed that increasing influenza vaccine uptake
(or enhancing the public health interventions)
would facilitate the management of outbreaks of
respiratory pathogens circulating during the peak
flu season [10,13,14]. Recently, Iboi et al. [15]
developed a mathematical model to determine
whether or not a hypothetical imperfect vaccine
can lead to the elimination of COVID-19 in the
United States. Their study showed that such
elimination is feasible, using the hypothetical
vaccine with assumed efficacy of 80%, if the
vaccine coverage is high enough to achieve herd
immunity. In particular, the vaccine coverage
needed to achieve herd immunity in US is 90%,
while the computed herd threshold for the states
of New York and the state of Florida are 84%
and 85%, respectively.

We divided the total human population into four
compartments namely, susceptible individuals,
infected individuals, vaccine individuals and
recovered individuals. The total size of the
population is N(t) = S(t) + I(t) + V(t) + R(t). We
construct the deterministic model under convex
incidence rate which is assumed to be a convex
function with respect to the infective class due to
the host population.
The benefits of using convex incidence rate is
that it corresponds to an increased rate of
infection because of two exposures over a small
time period: a single contact produces infection
at the rate βI(t)S(t) [9]. while the new infective
individuals arise from double exposures with
βI2(t)S(t). It produces further chance that, the
recovered individual again may catch infection
due to the wave of the vaccine.
Here, we remark that the function

(I , S) I (t)S(t)(1I (t))
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2. EQUILIBRIUM
STATES
MATHEMATICAL MODEL

OF

THE

3. RESULTS
(i) Disease free equilibrium (DFE) i.e. in the
absence of any infection (I = 0), then the
disease free equilibrium points are
H0(S*,I*,V*,R*)=   ,0,0,0  (9)
  




The mathematical model (1) – (4) exhibits two
states of equilibrium i.e disease free equilibrium
and the endemic equilibrium such that [16-18]

dS
dI
dV
dR



 0.
dt
dt
dt
dt

(ii) The Endemic Equilibrium state (EE) i.e. in
the presence of the infection (I ≠ 0), we
obtain;;

 S(t)I(t)(1I(t))R(t) ( )S(t)  0; (5)

(1  I *)  [(a      b)(  ) 

S(t)I(t)(1I(t))(a    b)I(t)  0;(6)
S* 

(a  b)I(t) S(t) (  )V(t)  0; (7)

  I * (a      b   )  (a      b)I *2 ] (10)
(1  I*)(I * I *2   )
(    )[( a      b )(    )    

V(t)  ( )R(t)  0.

V*

(8)

 I * ( a      b    )  ( a      b )  I * 2 ] (11)
 (1   I *)

Table1.Definitions of parameters and variables with hypothetical values
Parameters

β
a
τ
α
μ
ω
δ
b
γ
S0
I0
V0
R0
N0

Definition
Rate of net inflow of susceptible individuals
Contact rate of transmission of the corona virus
Rate of prevention of the infected individual of
spreading the corona virus via vaccine
Rate of infection of the corona virus in the country
Rate of recovered individuals lose immunity
Natural death rate for all the individuals
Rate at which susceptible individuals are vaccine
Death rate due to corona virus infection
Rate at which infected individuals are isolated by
the government officials
Rate at which infected individuals are vaccine
Initial fractional value of the Susceptible Individuals
Initial fractional value of the Infected Individuals
Initial fractional value of the Vaccinated Individuals
Initial fractional value of the Recovered Individuals
Initial fractional value of the population

Hypothetical
values
0.1132
0.02
0.0205

Source

0.326
0.0001
0.2
0.09
0.0124
0.1

Assumed
Assumed
[19]
Assumed
Assumed
Assumed

0.5
0.9951
0.0006634
0.003949
0.0003159
1.0000

1Assumed
Estimated
Estimated
Estimated
Estimated
Estimated

Fig 1. Transmission diagram of the mathematical model
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1

FV
(12)
For I* is the positive root of the equation
AI * 4  BI * 3  CI * 2  DI *  E  0 where;

A   ( a    b ) 
 (    )(    ) 

 S 0


a


   b
 
a    b

 a      b



0 


0 


Where
S

(13)

0




.
  )

( 

(15)

(a      b)

Hence, the basic reproduction number R0(13, 14)
is given in the form;

B  (a    b)  (a    b) 

R0 

(  )(   )   (  )(   )
(a      b) 
(  )(   ) (a      b)

3.1 Stability Analysis of the Disease Free
Equilibrium (DFE)


(16)
(    )( a      b )

Theorem 1: The Disease Free equilibrium point
H0(S*, I*, V*, R*) =   ,0,0,0  exists and is
  



locally asymptotically stable for R0< 1, otherwise
unstable.

C
()(a b)
(a b)

()()()() 

(a b)()()
(a b)()()()(a b)
()()()(a b).

Proof: To determine the local stability of the
disease free equilibrium point, we compute the
Jacobian matrix of the mathematical model
equations (1) – (4) around the DFE H0 is given
by

D()()()(a b)
()() ()()()(a b) 
()()()
(a b) 

  (   )

0

J (H 0 )  



0


    (    )(    )(    ) 
 (    )(a      b)

following forms:

In which S* > 0, V* > 0 and R* > 0 for I* > 0. With
these values for S*, V*, I* and R*, the positivity
and uniqueness of the endemic equilibrium are
guaranteed if and only R0> 1 where R0 is the
basic reproductive number of the mathematical
model of equations (1) – (4) given in the form;
 (

V  (

 S
a  

0

0

 b

0

)

1    ,


0

0

 

)

2

(18)

  a    



  
   

,

a      b

(17)

The
Characteristic
equation
of
J(H0)
corresponding to the eigenvalue λ is det(J(H0)λI4) = 0 (16,17,18,19). From the characteristic
equation, the eigenvalues are given in the

E  (    )(    )(    )(    )(a      b)

F

 S0
0



S 0  (a      b)
0
0


a b
 (   )
0

0

 (    ) 

1
2

1
2

1
2

3        

(14)

1 1
2 2


 ,


 b

(19)

1 2
 2 2 2 22 (20)
2

1 1
2 2

4      2 222 22 (21)

Hence, for the mathematical model (1) – (4), by
simple calculation, we have,
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From the above eigen values, the eigenvalues
are real and negative since all the parameters
are positive. Hence, disease free equilibrium
point (DFE) is locally asymptotically stable if R0<
1 and unstable for R0> 1.

effect of the vaccine has been felt by the
population that has been infected with the
infectious disease.
Fig. 2 shows the graph of the fractions of the
susceptible individuals and the vaccine
populations. Observe that the proportion of the
susceptible population reduces as the vaccines
are given to the population in order to protect the
individuals in contacting or spreading the SARSCoV-2(COVID – 19) in the society.

3.2 Numerical Simulations
Numerical simulations [20,21] were carried out to
graphically explain the importance of vaccines as
protective measure to reduce the spread of
covid-19 in the world generally. In order to
support the analytical results, graphical
representations showing the time graphs of
combination of two state variables are provided.
Fig. 1 is the diagram showing the dynamics of
the fractions of the infected population and the
vaccine population. As the number of vaccine
population increases with time due to the
outbreak of the infectious disease, it got to a time
that the number begins to reduce such that the

Fig. 3 shows that as the proportion of the
infected individuals reduces, the proportion of the
recovered individuals increases. This is due to
the effect of the vaccine that has been received
by the susceptibles before contacting the covid
19 thereby giving room to receive proper
treatment from the health officials and this makes
the individuals to recover at faster rate from the
infectious disease.

Fig. 2. Plot of the infected class and the vaccine class

Fig.3.Plot of the susceptible and the vaccine individuals
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Fig.4.Plot of the infected and recovered classes
SARS-CoV-2 [26].The type I IFN pathway plays
a crucial role in mediating innate immune
responses to viral infections. This family of
cytokines is comprised of 13 IFN-α subtypes,
IFN-β, IFN-ω, IFN-κ, and IFN-ϵ, which all signal
through the heterodimeric IFN I receptor,
composed of IFN-α/β receptor 1 (IFNAR1) and
IFNAR2. In host cells, type I IFNs are expressed
at low amounts, poised to combat infections.
Upon infection, they are rapidly produced by
immune cells, such as macrophages and
dendritic cells, to limit the spread of pathogens
[27].

4. DISCUSSION
SARS-CoV-2(COVID 19) pandemic, vaccination
continues to be critically important. The
pandemic has caused a decline in the number of
children receiving routine immunizations, which
could lead to an increase in illness and death
from preventable diseases. WHO has urged
countries to ensure that essential immunization
and health services continue, despite the
challenges posed by COVID-19 [22].
Many studies have focused on characterizing the
heterogeneity of Susceptibility of SARS-CoV2(COVID 19) in terms of demographics, with
clear evidence of higher mortality in men and
older individuals. The adaptive immune system,
including both B and T cells, has recently been
recognized to play a critical role in providing
preexisting immunity to SARS-CoV-2 [23,24].

In addition, type I IFNs induce the expression of
several hundred interferon stimulated genes that
can further limit pathogen replication through
various mechanisms. However, this typically
protective immune response can, when over
activated, lead to autoimmune diseases.
Conversely, loss-of-function variants in genes
encoding members of the type I IFN pathway
lead to severe immunodeficiencies characterized
by life-threatening viral infections. Recently,
multiple studies demonstrated that impaired type
1 IFN responses may be a hallmark of severe
COVID-19 [28,29] but why this pathway was
suppressed remained unclear.

Studies have highlighted mechanisms that
protect against severe symptoms but have not
revealed factors that predispose to mortality.
Consequently, acquired immune responses to
prior infections may account for a large
percentage of the variability in disease
presentation, although questions remain about
additional determinants of disease, such as
preexisting comorbidities. Host genetic risk
factors have also emerged as a potential
explanation for clinical heterogeneity and
additionally offer the potential for understanding
molecular pathways for tailored therapeutic
intervention [25].

Casanova et al. [30] identified neutralizing autoantibodies as another potential cause of severe
COVID-19. Auto-antibodies recognize and
thereby may inhibit host proteins; they are a
hallmark of many autoimmune diseases and are
thought to be a contributor to autoimmune
pathophysiology.

Small-scale studies have implicated the type I
interferon (IFN) pathway as protective against
SARS-CoV-2 [26].

Neutralizing auto-antibodies against type I IFNs,
mostly IFN-α2 and IFN-ω, were found in up to
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13.7% (135/987) of patients with life-threatening
COVID-19 and were shown to neutralize
activation of the pathway in vitro. By contrast,
these auto-antibodies were not present in 663
patients with asymptomatic or mild COVID-19
and were only found in 0.33% (4/1227) healthy
individuals not exposed to SARS-CoV-2. The
presence
of
neutralizing
auto-antibodies
correlated with low serum IFN-α concentrations.
Auto-antibodies against type I IFNs were also
detected in blood samples of some patients
obtained
before
SARS-CoV-2
infection,
indicating that their production was not triggered
by the virus in those patients. Notably,
inactivating auto-antibodies were identified
primarily in males (94%) and may be a cause of
the higher male-specific disease mortalities
[30,31].

The post-recovery time of SARS-CoV-2(COVID19) infection is stated here, Not all patient who
were infected with SARS-CoV-2(COVID-19)
infection will notice symptoms. If noticed, it may
show up 2 to 14 days after your infection. And
those symptoms can vary from one person to the
next. One of the most common signs is a fever,
which for most adults is 100.4 F or higher. It
means your body is trying to fight off an invader.
About 50% of people who become ill have a dry
cough. The kind that does not bring up any
mucus or phlegm. But about a third dav a cough
with mucus. The patient might feel very tired.
Less commonly, the throat may be sore and
head might ache. muscles and joints could hurt,
and might get chills, nausea, vomiting, or
diarrhea [33]. Some people who had COVID-19
said they had trouble taking deep breaths and
felt like they had a tight band wrapped around
their chest. Others have likened the illness to a
bad cold. Loss of smell and taste have been
reported in many cases. Some patients have skin
rashes and darkened toes, called “COVID toes”
and short of breath [33].

What remains unknown are the contributions of
genetic variation outside of the type I IFN
pathway for defense against SARS-CoV-2
infection. Additionally, although Zhang et al. [31].
focused on rare germline variation, the roles of
common
single-nucleotide
polymorphisms
(SNPs) and acquired somatic mutations in
immune cells, which accumulate with age, need
to be investigated. Further comprehensive
genetic studies could also help provide insights
into the potential contribution of deleterious
variation in the severe SARS-CoV-2–associated
multisystem inflammatory syndrome in children
[31,32].

The pre-recovery time for SARS-CoV-2(COVID19) infection suggested that it could take 2 weeks
for the body to get over a illness, or up to 6
weeks for severe or critical cases. Newer data
show that recovery varies for different people,
depending on age and overall health. Fatigue,
headache, and trouble breathing were the
symptoms most likely to linger [34,35].

Although the studies of Zhang et al. [31] and
Bastard et al. [33]. illuminates the importance of
pathways responsible for clearing infections, it is
also possible that proinflammatory variants may
either reduce or enhance disease severity. Why
some patients who carry pathogenic variants in
innate immune genes, such as IFN-related
genes, remain asymptomatic until their exposure
to a specific pathogen is likely explained by the
presence of other genetic modifying alleles or
epigenetic factors.

Recovery time After Severe Illness of SARSCoV- 2(COVID-19) infections, small percentage
of people who have the new coronavirus need to
stay in the hospital to get help in breathing. It
may depend age and your overall health. This
might last 2 weeks or more. Some people who
have severe COVID-19 get a complication called
Acute respiratory distress syndrome (ARDS),
which can damage the lungs and make it very
hard to breathe.severely ill need treatment in an
intensive care unit (ICU). Many patients who
spend time in the ICU lose weight and strength
[36,19,37].

The recovery time of most people who are
infected with SARS-CoV-2(COVID-19) infection
will have only mild illness. Mild COVID-19 cases
still can make feel nausea. Scientists and
researchers are constantly tracking infections
and recoveries. But they have data only on
confirmed cases; it is difficult to count people that
are infected with COVID-19. Experts also don‟t
have information about the outcome of every
infection. However, early estimates predict that
the overall COVID-19 recovery rate is between
97% and 99.75% [32].

Recovery Outlook, Scientists are still looking at
how a person‟s immune system responds to
SARS-CoV-2(COVID-19) infection and whether
they can infect the virus again after you recover.
One early study on monkeys found that they
didn‟t get infected a second time. Other research
says that some people might lose their
antibodies over a couple of months. But the
patent may have the virus in your body for
weeks, it‟s a good idea to keep following official
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advice on washing your hands, keeping surfaces
clean and staying home when possible [38,39].

Health officials must be aware of the Complexity
of the vaccine series, to achieve total eradication
of SARS-CoV-2(COVID-19). -Sometimes two or
more doses are recommended for maximum
protection, with weeks or even months between
doses. The Moderna and Pfizer-BioNTech
vaccines both require two doses, and individuals
will have to receive the same vaccine for both
doses.

There‟s no treatment for SARS-CoV-2 (COVID19), expect the prevention through the vaccine,
although if people have to stay in the hospital,
some medicines may shorten their recovery. Eat
healthy foods, Drinks lots of fluids and Lower
your fever. Take acetaminophen or ibuprofen if
you have a temperature or body aches. Be
careful not to take more than a total of 3,000
milligrams every 24 hours. That includes
acetaminophen alone as well as in medications
like cold and flu pills and syrups [40,41].

5. CONCLUSION
In conclusion, SARS-CoV-2(COVID-19) is one of
the greatest challenges of the twenty first
century. It was AIDS-HIV, that was the limiting
factor in the middle of 80s and 90s, but we still
find a way to combat AIDS –HIV, SARS-CoV2(COVID-19) will not be an exception. The world
is beaming the scientific search light of the
prevention, cure and treatment of SARS-CoV2(COVID-19) and 99% success has been
achieved, this gives rise to the vaccine
production and distribution all over the world. The
limitation factors that we have in the third world
country like Nigeria is acquiring and storage of
the vaccine, knowing fully-well that, we may not
have the state of the art facility in our research
centers and hospitals for the latest developed
vaccine, but efforts are ongoing to develop our
health care facilities to contain the world latest
invention. The mathematical model produced an
asymptotically stable population such that the
importance of using vaccines to protect and
prevent the spread of the SARS-CoV-2(COVID19) has been shown.

There are many factors that affect a vaccine‟s
coverage rate of SARS-CoV-2(COVID-19). Some
African country are facing availability difficulty
ranging from production out-put to distribution, all
because of the outburst in population density,
SARS-CoV-2(COVID-19)
crisis,
production
capacity is being tested on an unprecedented
scale, with vaccine makers turning to dozens of
third-party manufacturers in order to fulfill orders
for hundreds of millions of doses [15,11].
Another vaccine coverage challenges is
distribution, African like Nigeria finds it difficult to
distribute the vaccine from one state to another.
It costs a country like Nigeria a whooping sum of
10(ten) billion naira to distributes the vaccine in
its 36 states from rural or remote areas, several
other SARS-CoV- 2(COVID-19) vaccines pose
broader cold-chain challenges: the PfizerBioNTech vaccine must be stored at -70°C (94°F), meaning warehouses, trucks and planes,
and points of care all require ultra-cold freezers.
Oxford/ AstraZeneca COVID-19 vaccine (AZD
1222). can be stored and transported at normal
refrigerated temps of 2 degrees to 8 degrees
Celsius
(36
degrees
to
46
degrees
Fahrenheit) for at least six months and can be
administered in "existing healthcare settings,"
giving the shot a major logistics leg up over a l
eading mRNA-based competitor that requires
ultra-cold storage [12].
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Furthermore, Because of the education level of
African and Nigerian populace, our healthcare
giver should give public awareness and gain the
public understanding on vaccine‟s coverage rate
of SARS-CoV-2(COVID-19) Health officials can
build trust in their communities through clear and
transparent communication about vaccines. This
includes information about their effectiveness,
any expected side effects, and when to return for
booster shots [42].
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