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Abstract

The Coronavirus Disease 2019 (COVID-19) has posed a
great threat to global public health; of which was reported
to emerge in Wuhan, China at the end of the year 2019. It
became alarming to Nigerians when Nigeria recorded her
first index case in February 2020 in the city of Lagos which
has led to a total number of 5162 confirmed cases, 1180
recovered with 167 death recorded as at May 14, 2020.
This paper proposes a mathematical model SEIQCRW
which adopt the SEIR model to study the current outbreak of
COVID-19 in Nigeria with nonlinear forces of infection. This
model defines the transmission channels in the infection
dynamics and the impact of the environmental reservoir in
the transmission and spread of this disease to humans. The
existence of the region where the model is epidemiological-
ly feasible is established. A detailed numerical simulation
of this model was conducted using the Nigeria Centre for
Disease Control (NCDC) reported data. Our analytical and
simulation results between February 29, 2020 and May 14,
2020 are in good agreement. Further simulation indicates
that Nigeria’'s cumulative number of confirmed cases will
reach 55,000 individuals in December 25, 2020. Mitigation
strategies and its effectiveness in reducing the spread of
COVID-19 across Nigeria are considered.
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Introduction

The Coronavirus Disease 2019 (COVID-19) formerly
known as a novel coronavirus (2019-nCoV) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) is highly transmissible [1,2] and has posed a great
threat to the global public health, of which was report-
ed by the World Health Organization (WHO) to emerged
in Wuhan City, Hubei province of China at the end of
the year 2019. The Federal Ministry of Health confirmed
Nigeria’s first index case in Lagos State, Nigeria, on the
27" of February, 2020, since the beginning of the out-
break in China. The first case was an ltalian citizen, who
works in Nigeria and returned from Milan, Italy to La-
gos, Nigeria on the 25™ of February, 2020. The second
case was found in Ewekoro, Ogun State, Nigeria, where
the patient was reported to have had contact with the
Italian man [3]. And from there it has spread across to
all States in Nigeria and had led to a total number of
5162 confirmed cases as at May 14, 2020. Which can be
traced to the fact that the asymptomatic infected indi-
viduals show no symptoms, making it easy to infect oth-
er individuals with close contact often in an unconscious
manner in crowded places like markets. Thus, increas-
ing the concentration of the virus in the environmental
reservoir as these viruses can stay up to some days in
the environment thereby increasing the risk of infection
through surface and fomites [4]. In a bid to combat the
spread of the COVID-19 pandemic, the Federal govern-
ment imposed lockdown measures in the three States
of Lagos, Abuja-FCT and Ogun, other States received
an inflow of people from these States without prior
isolation and testing of travelers. This has also been
attributed to the spread of coronavirus to other States
that hitherto had zero infected case. The Nigeria Centre

Citation: Daniel DO (2020) Mathematical Model for the Transmission of Covid-19 with Nonlinear Forc-

)

;

CLINMED

INTERNATIONAL LIBRARY

s
\

es of Infection and the Need for Prevention Measure in Nigeria. J Infect Dis Epidemiol 6:158. doi.
org/10.23937/2474-3658/1510158

Accepted: September 11, 2020: Published: September 13, 2020

Copyright: © 2020 Daniel DO. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any

medium, provided the original author and source are credited.

Daniel. J Infect Dis Epidemiol 2020, 6:158

e Page 1 of 12 e



https://doi.org/10.23937/2474-3658/1510158
https://doi.org/10.23937/2474-3658/1510158
https://doi.org/10.23937/2474-3658/1510158
http://crossmark.crossref.org/dialog/?doi=10.23937/2474-3658/1510158&domain=pdf

DOI: 10.23937/2474-3658/1510158

ISSN: 2474-3658

for Disease Control (NCDC) has targeted the testing of
about two million people in the next three (3) months
of May to July, 2020 (NCDC, 2020). In a bid to increase
the number of testing capacities in the country’s huge
population of over 200 million people, the NCDC has ex-
panded the testing laboratories across the country to
18. As the country continues to roll out mitigation strat-
egies to flatten the curve and reduce the spread of the
virus across communities and States, some people are
of the opinion that Coronavirus is a myth.

Due to the exponential spread of COVID-19 in Nige-
ria, the need to develop a mathematical model to study
the dynamics of the transmission and the spread of this
infectious diseases capturing the quarantined individu-
als, the confirmed cases and the concentration of these
pathogens in the environmental reservoir.

Several modelling studies have been done to ana-
lyze the spread of COVID-19 pandemic, ranging from
stochastic modelling [5,6] to mathematical modelling
[7-10]. In [9], SEIRU model involving the susceptible, the
exposed, the infected, the quarantined and the recov-
ered individuals were considered. It was predicted that
there is a chance of a decline in secondary infections
when all precautionary measures are observed global-
ly. In [7], a mathematical model was developed to de-
scribe a Bat-Hosts-Reservoir-People transmission net-
work model for simulating the potential transmission
from infection source to human, which was simplified
to Reservoir-People transmission network model. The
reproduction number was calculated from the Reser-
voir-People model using the next-generation matrix
to measure the transmissibility of the virus in Wuhan,
China. The value of R, was estimated to be 2.30 from
the environmental reservoir to humans and 3.58 from
humans to humans. In [10], a compartmental model in-
volving the susceptible, the exposed, the infected, the
recovered and the concentration of the pathogen in the
environmental reservoir was considered. The reproduc-
tion number R, was calculated using the next-genera-
tion matrix to determine the transmissibility of the virus
from the exposed, the infected and the pathogens in
the environmental reservoir to the susceptible in Wu-
han, China. The value of Rowas estimated to be 4.25
covering 1.5 from indirect transmission route and 2.7
from direct transmission route.

However, model considering the quarantined indi-
viduals, confirmed cases, nonlinear forces of infection in
the form of saturated incidence rates in humans and the
impact of the indirect transmission route from the vi-
rus in the environmental reservoir to humans were not
considered in the published models. Hence, we present
a mathematical model for the pandemic COVID-19 to
describe the several transmission pathways including
the disease-induced rates for humans, nonlinear forces
of infection in the form of saturated incidence rates in
humans, direct and indirect transmission routes. The di-
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rect transmission routes describe the transmission from
the exposed individuals to the susceptible individuals
and from the infected individuals to the susceptible in-
dividuals, while the indirect transmission routes come
from the interaction of the susceptible individuals with
these pathogens in the environmental reservoir.

Model Analysis and Formulation

Formulation

To study the transmission and the spread of
COVID-19 among human, we formulate a model which
divides the total population of human at time ¢ into six
components. The Susceptible population denoted by
S, the Exposed population denoted by E, the Infect-
ed population denoted by /, the Quarantined popula-
tion denoted by (O, the Confirmed cases denoted by
C, and the Recovered population denoted by R . This
study adopt the SEIR model framework with total popu-
lation of human of size /N with additional classes, the
Quarantined () and the Confirmed cases (C).

The susceptible population are individuals who may
be infected with the virus, the exposed population are
individuals who have been infected but they are without
symptoms usually at the early stage or incubation peri-
od of the virus. The infected population are those that
are fully showing the disease symptoms usually the la-
tent period of the virus and are capable of infecting oth-
ers. The exposed population E and the infected popu-
lation / contains asymptomatic infected and symptom-
atic infected individuals respectively. The quarantined
population Q are individuals who are quarantined for
some time, if they start showing symptoms of the infec-
tious disease and are tested to determine whether the
diagnosis is confirmed C . If tested positive to the virus,
they are isolated to receive treatment. After a period
of treatment and have satisfied all observatory require-
ment, they moved to the recovered population R .

The compartmental model which shows the mode of
transmission of COVID-19 is depicted in the Figure 1 and
Figure 2.

The parameters used for the transmission model are
described in the Table 1.

S(¢) Number of Individuals susceptible to infection
at a given time ¢

E(t) Number of individuals infected but without
symptoms at a given time ¢

1(¢) Number of individuals infected but not yet iso-
lated at a given time ¢

QO(t) Number of individuals quarantine at a given
time ¢

C(t) Number of individuals confirmed to be infect-
ed with the virus, isolated and expecting recovery at
time ¢
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Figure 1: Compartmental transmission of COVID-19 among Humans
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Figure 2: Compartmental concentration of the virus in the environmental reservoir

S0)=S,, E()=E,

From th tmental model btai 0=l 0O)=0,

rom the compartmental model, we obtain a sev- _ _

en-dimensional system of ordinary differential equation CO)=C. RO)=R,

which describes the dynamic transmission mechanism w(0)=Ww, (1.2)
of the infectious disease as:

R(#) Number of individuals recovered at time ¢

Where W is the concentration of the virus in the en-

ﬁ =A=b(t)+b,0—(b, +A)S vironmgnta_l reservoi.r. The parameter A. represent th.e
4 4 populationinflux, A isthe natural deathin human, & is

dE the disease-induced fatality rate, ﬂfl is the incubation
E = b(f)_(ﬁJFbeq +A)E period between the infected and the onset of symp-
toms, bcr is the rate of recovery from the infectious dis-

ar =BE—(0+A+b)I ease. b, is the rate at which those that are fully showing
dt “ the disease symptoms are diagnosed to be positive to
dQ the disease. We assume that not all individuals showing
E = bsqS+bqu_(bqs +ch +A)0 (1.1)  the disease symptoms are infected with COVID-19 be-
JC cause Influenza is also a respiratory disease with related
= = chQ+biCI—(5+bcr +A)C symptoms as COVID-19 which can also be transmitted
t by contacts droplet and fomites [11]. b, is the rate at
dR —b C—AR which individual are quarantined being traced to have
P had contact with those confirmed to be positive. If they
AW do not show symptoms, they are removed back to the
—=kE+k,I-AW susceptible population at the rate of 5, . b, is the

rate at which individuals from the exposed population
are quarantined, b, is the rate at which quarantined
Together with the initial conditions individuals are diagnosed to be positive to the disease.
k, and k, are the rates of the exposed and infected
human contributing the infectious disease to the envi-
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Table 1: Symbols, value and source of parameters used in the model.

Description Symbol Value Source
Birth rate A 22655 [13]

Total population N 200e6 [13]
Incubation period /8 17 [10]
Recovery rate b, 115 [10]

Rate of removal of the virus from the environmental reservoir lw 1 [10]
Death rate A 0.0182 Estimated
Rate at which exposed are quarantined beq 4,103e-5  Estimated
Rate at which highly Infectious Individuals are Confirmed b. 0.626 Estimated
Transmission rate from the exposed to the susceptible (o1 3.366e-7  Estimated
Transmission rate from the highly infected to the susceptible a, 6.396e-8 | Estimated
Transmission rate from the environment to the susceptible oy 1.886e-7 | Estimated
Coefficient providing adjustment to the transmission rate % 0.0066 Estimated
Rate at which the exposed are contributing the disease to the environmental reservoir k1 2.010 Estimated
Rate at which the infected are contributing the disease to the environmental reservoir &, 0.235 Estimated
Rate at which susceptible are quarantined bsq 1.5e-5 Estimated
Rate at which quarantined move back to the susceptible class bqs 0.8667 Estimated
Rate at which quarantine individuals are confirmed ch 0.1333 Estimated
Covid-19 induced death rate o 0.022 Estimated

ronmental reservoir and A is the removal of the virus
from the environment due to some control measure.
b(?) is the infection degree of the infectious disease
in the susceptible population, the mathematical expres-
sion is as follows:

B(t) = atg, (E)SE + ag, (1)SI + cx gy, (W)SW

The function o (E) and agy () respectively de-
notes the direct (human-to-human) transmission rate
between susceptible population and the exposed pop-
ulation and between susceptible population and the in-
fected population and the infected population respec-
tively. The o, (W) denotes the indirect (environment
to human) transmission rate. B(E, I, W) is further de-
fined as:

T B
P R P

DE.LW) = Y Sk

+VvE

Where a,,a, and ¢, are positive constants repre-
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senting the maximum values of these transmission rates
and V is a positive coefficient (otherwise constant) pro-
viding adjustment to the transmission rate.

Estimation of parameters

Some of the parameters estimate used for simulation
of this work are available in the literature. Others are
estimated from the available COVID-19 data (confirmed
cases, recovered cases, deaths, and samples tested)
published by the NCDC [12] to stimulate the unknown
parameters. Population and birth rate data were col-
lected from [13]. The initial data correspond to the epi-
demic data officially released on 29th of February, 2020.
The corresponding estimated parameters are obtained
by fitting an optimization method (Maximum Likelihood
Estimation (MLE)) based on the reported data and the
epidemic occurrence is predicted for the future. This is
analyze using Python 3.6 by generating a curve fitting
model using scipy.stats library with optimize option and
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Figure 3: Simulation showing model simulated data and reported data of confirmed cases.

passing some initial guesses for the parameters, which
are fitted with numpy. The maximum likelihood esti-
mation allows the determination of parameter sets by
maximizing the likelihood that the process described by
the model produced the reported data on NCDC web-
site. We fit the cumulative number of confirmed cases
generated from the model (1.1) to the NCDC reported
data of cumulative humber of confirmed cases, which
are in agreement with the reported data from February
29, 2020 to May 14, 2020 (Figure 3).

Boundedness of the solution

The following provides the result which guarantees
the dynamic transmission governed by the system (1.1)
is epidemiologically and mathematically well-posed in a
feasible region D given by

Dh :{(SaEalaQ,C,R)ERi NS%}

and

DW =W e R+ : W < M
AL,

Since,

N@)=SO)+E@)+1(t)+0@)+C(t)+R(t)

Theorem 1: There exist a domain D in which the
solution set {S,E,I,Q,C,R,W} is contained and
bounded.

Proof: Following the idea of [14]
Given the solution set {S,E,I,Q,C,R,W} with
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positive initial conditions (1.2), we let
V.(S,E,1,0,C,R)=S8St)+E@)+1(t)+0()+C(t)+R(t)
and
V,(W)=W()

Then the time derivatives )" and )] along solutions
of the system (1.1) are obtained by

_OV,dS OV, dE oV, dl oV, dQ oV, dC oV, dR

=—4—j—L— =L —
“ 0Sdt OE dt ol dt 0Q dt OC dt OR dt

and
y =V dW
oW dt

It follows that

Va’ <A-AV, and Vb <(k+k)A-AAV,  (1.3)
Solving the differential equations (1.3) yield

V, < %(1 —exp(-A)+V (S,,E,, 1,,0,,C,, R,) exp(—At)

and
Vo< (k1 + kz)A
“ Al

w

(1= exp(=22,0) +V, (W) exp(~24,1)

Consequently, taking the limits as ¢ — o0 vyields

I/aSA and K)M
A AL

w

Thus, all solutions of the population are confined in
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the feasible region D, showing that the feasible region
for the formulated model in the equation (1.1) exist and
is defined by

D :{(S,E,I,Q,C,R,W) eR’ :NS%,W s%}

Equilibrium point

Here, we state the result of the disease-free and
endemic equilibrium of the model. The point at which
the differential equation of the system (1.1) equals
to zero is the equilibrium point. It should be noted
that as long the growth term A is not equal to zero,
there will be no trivial equilibrium point. Consequent-
ly, (S.,E.,1.,0.,C.R,W,)+(0,0,0,0,0,0,0) and the

population will not vanish.

Existence of disease-free equilibrium point: Dis-
ease-free equilibrium points are steady-state solutions
or equilibrium point where there’s no infection of
COVID-19. Thus, at the disease-free equilibrium point
E,, wehavethatE,,I,,0.,C,,R.,W. =0.Hence, the
resulting disease-free equilibrium point obtained solv-
ing (1.1) is

E, =| =2 0,0,0,0,0,0

A+b,,

Basic reproduction number: Reproduction number
is an important topic in epidemiological models which
is usually denoted by R, . It is an important parameter
that predicts whether an infection will spread through-
out the population or not.

To obtain R, for the modelin (1.1), we use the next
generation matrix technique [15,16]. The infection com-
ponent in this model are E, I, C,WW . Finding the deriva-
tives at the disease-free equilibrium point. The infection
matrix F and the transition matrix V' are respectively

Aa, Aa, Aoy,
b,+A b,+4 b, + 4
F= 0 0 0 0
0 0 0 0
0 0 0 0
w 0 0 O
Vo -5 w, 0 O
0 b, w 0
-k -k, 0 A,
Where,

w=p+b,+A, wy,=0+A+b,, wy=0+b,+4

The basic reproduction number of model (1.1) 1is
defined as the spectral radius of the product FV .
Hence, the reproduction number for the model (1.1) is

Daniel. J Infect Dis Epidemiol 2020, 6:158

_ o Aa, PAa, Aay (kw, +k,5)

7?’O - p(fv ) - w (bsq + i) " ww, (bsq + ﬂ’) ! ﬁ“wwlwz (bsq + /1)
(1.4)
R _RAR AR, (1.5)

The first two parts of R in (1.5) i.e. R, and R,
measures the contribution from human to human
transmission routes (exposed to susceptible, infected
to susceptible respectively) and the third par R;, mea-
sures the contribution from the environment to human
transmission route. These three transmission modes
encapsulate the overall infection risk for the outbreak
of COVID-19.

Stability of the free disease equilibrium point

Theorem 2: The disease-free state &, is asymptoti-
cally stable if J(&;) <1 and unstable if J(&;) >1

Proof: The Jacobian matrix of the system (1.1) at the
disease-free equilibrium point &; is obtained as

b+~ Ry, g g A
b,+4 b,+4 b, +4
0 -w, 0 0 0 0 0
0 B —w 0 0 0 0
J(Ey) = 2
b, b, 0 -w, 0 0 0
0 0 bic qu W 0 0
0 0 0 0 b, 2 0
0 1 k, 0 0 0 4,
Where,
w=pB+b,+A, w,=0+A+b, w=5+b,+1

and w, =b, +b, +4

We need to show that the eigenvalue of J(&,) are
all negative. The sixth column and the second row con-
tains only the diagonal entry which forms two negative
eigenvalues —4 and —w,, the other five eigenvalues
can be obtained from the sub-matrix formed by exclud-
ing the sixth row and column and the second row and
column. Hence, we have

_(bsq + ﬂ’) _i qs _ﬂ
(b, +4) (b, +A)
0 -w. 0 0 0
H&)= 0w 0 0
sq 4
0 b, ch -w, 0
0 k, 0 0 -,

In the same way, the second row and the fourth col-
umn contains the diagonal terms which form a negative
eigenvalue —w, and —w; . The remaining three eigen-
values are obtained from the sub-matrix

e Page 6 of 12 e
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—(b,+A) b, __Aay
! ! (b, +4)
LEY=| b, -w, 0
0 o -2

Furthermore, the last row contains the diagonal
terms which form a negative eigenvalue —A4 . The re-
maining two eigenvalues are obtained from the sub-ma-

trix

b,, -w,

The eigen values of the matrix J,(&,) are the root
of the characteristics equation

A7 +w A+ (b, b b

+/1)W4 qs“sq

With the roots

= Wy x \/Wj - 4[(bsq + ﬂ,)W4 qS Sq]
ﬂ1,2 = 2

So that

— _W4 - \/Wj - 4[(bvq + /I)W4 bqvbvq]
A= >

and

_—wy w4, + Aw,—b,b,]
/1 _ q q. q

: 2
/Tl is a negative eigenvalue and ﬂ_,z is a negative ei-
genvalue if w, (b, +4) > b b, . Hence, all the eigenval-
ues of J(&;) are negative which imply the disease-free
point is asymptotically stable. Thus for a free state to
occur the product of the rate of removal from quaran-
tined and susceptible population must be greater than
the product of the rate of entering from susceptible to
guarantined and from quarantined population back to

the susceptible population.

Butif w,(b,, + 1) <b,b,,,itimplies that there is one
eigenvalue with positive real part and the disease-free
equilibrium (DFE) point is unstable.

Existence of endemic equilibrium point

Here, we shall show that the formulated model (1.1)
has an endemic equilibrium point E,

Theorem 3: The model (1.1) has no endemic equilib-
rium when R, <land a unique endemic equilibrium

exist when R, > 1
Proof: Let E, = (S, Ew, L1, OQus, Cos, Ris , W) be

a nontrivial equilibrium of the model (1.1), setting the
differential equation in model (1.1) to zero, we have

Daniel. J Infect Dis Epidemiol 2020, 6:158

g BwA+y,L.,
B,
E.=221.
B
Q _ IB W4A ( q7/2W2 ]/1bqu2)I**
Pw,y,
C ﬂch cqw4A_7/3I**
Briw;w,
:ﬂbsqszj/4 -b,y.1.
BAlywyw,
W — k1W2 +k2ﬂ]
PA,
Where
7/1=W4(b +/1) sq qs’ 72=W2(W1W4 qs eq)
b bsq72w2 71ch eq ﬂW4]/1 ic

}/4 = bcrch' )/5 = bsq}/ZWZ ylb
And [I.. is a positive solution of an equation given
by

ALY + A, (1) + A,(L)+A4,=0 (1.6)

With
4, = ﬂVZWzA}’I (kyw, +k, ) + 72"2 (b.rq + AD)(BR; (kyw, +k, B)+ W, R, (kyw, + k, ) + AW, Ry,)

Ay = Ay V(B +wy)lw, + ke, )+ w, A) +v(b,, + A)N(BR (kyw, + ke, S+ 4,)
+ R (Blow, +k, B2+ 2,)+ ARy (B+w,)) = Bw, AV (BR, (kw, + &, B)
+wW, R, (kw, +k, )+ AW, R,,)

4 = Ay (Bv(kw, + b, f) +vA, (B +w,) + A4, fRy (b, +4)
= Bw,Av(b,, + D) BR, (kwy + ko B+ A) + R, (Bl + kB + 2,) + ARy (B+w,) |

_ BPAAy, (1
w, (b, +4)

From (1.6),for 4, > 0,4, >0, 4, >0,when R, <1
, we have that 4, > 0 which implies that by Routh-Hur-
witz criterion [17], the model (1.1) has no positive solu-
tion. However, when R, >1, then 4, <0 and en-
demic equilibrium exists.

4

~Ry)

Results and Discussion

In this study, we proposed SEIQCDRW transmission
model, which considered the routes from the environ-
ment to human and from human to human. We consid-
ered the prevalence of COVID-19 in Nigeria using model
(1.1). The simulation result showed that the R is 2.68
specifically, we have that

R, =192, R, =033, R, =0.43
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Which quantify the infection risk from each of the
transmission routes. R, being the largest comes from
the exposed to susceptible transmission, since those ex-
posed shows no symptoms, making it easy to shed the
virus to other individuals with close contact often in an
unconscious manner majorly in public places. The small-
est component R, comes from the infected to suscepti-
ble, which can be traced to the body being down and
would not be able to move around unlike the exposed.
From our simulation, the basic reproduction number for
humans in Nigeria is 2.25. Lastly, R, shows the contri-
bution of the virus from the environment to human.

As earlier mentioned, the parameters used were fit-
ted using maximum likelihood estimation and optimiza-
tion package in Python 3.6. The parameters used in this
work are tabulated in Table 1

Impact of social distancing

This involves reducing the transmission rate/contact
rate from the exposed to susceptible, highly infectious
to susceptible and environment to human. The effect
of social distancing can be monitored by simulating the
model using the estimated parameters in Table 1 with
the following effective measure of social distancing:

(i) Slight level of effectiveness of social distanc-
ing: This requires reducing the transmission rates
(ag,a,,ay ) by 15% such that we have o, =2.861e-7

and o, =5.437e-8

(ii) Average level effectiveness of social distanc-

ing: This requires reducing the transmission rates
(ag,a,,a, ) by 50% such that we have o, =1.683e-7

and «; =3.198e-8

(iii) Strict level effectiveness of social distanc-
ing: This requires reducing the transmission rates
(a;,a,,a,) by 75% such that we have o, =8.415e-8

and «; =1.599e-8

Figure 4 shows the simulation for various effec-
tiveness of social-distancing control measures in the
absence of hygienic culture and face mask. For no so-
cial-distancing measured as the base line value estimat-
ed in Table 1, while, slight social distancing, average
social distancing and strict social distancing measured
as 15%, 50% and 75% reduction of their baseline value
respectively. In comparison with no social distancing,
result shows that: adopting a strict social distancing will
reduce the cumulative number of confirmed cases by
54%-58%; adopting average social distancing will reduce
the cumulative number of confirmed cases by 41%-45%
while adopting slight social distancing will the cumula-
tive number of confirmed cases by 23%-27%. Increas-
ing social-distancing control measure would results in
reduction in the number of individuals that would be
confirmed with COVID-19.

Impact of relaxation of lockdown

This involves increasing the transmission rate/con-
tact rate from the exposed to susceptible, highly infec-
tious to susceptible and environment to human. The

No Social Distancing

. 50000 - Slight Social Distancing

]

Average Social Distancing
Strict Social Distancing

40000 -

30000

20000 -

10000

Cumulative number of Confirmed Case

0 50 100

culture and face mask.

150
Time in days from February 29, 2020

200 250 300 350

Figure 4: Simulation of model (1.1) for various effectiveness of social-distancing control measures in the absence of hygienic
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culture and face mask.

150
Time in days from February 29, 2020

200 250 300 350

effect of relaxation of lockdown can be monitored by
simulating the model using the estimated parameters
in Table 1 with the following effective measure of social
distancing: culture

(i) Slight relaxation of lockdown measures: This re-
quires reducing the transmission rates (o, a,,q;) by

15% such that we have «, =3.871e-7and ¢, =7.355e-8

(ii) Average relaxation of lockdown measures: This
requires reducing the transmission rates (a,,,, ;)
by 50% such that we have ¢, = 5.049e-7 and «; =
9.594e-8

(iii) Full relaxation of lockdown measures: This re-
quires reducing the transmission rates (&,,q;,,, ) by

75% such that we have «, =5.891e-7and «;, =1.119e-7

Figure 5 shows the simulation for various level of re-
laxation of lockdown control measures in the absence
of hygienic culture and face mask. For no relaxation of
lockdown measured as the baseline value in Table 1,
while, slight relaxation of lockdown, average social re-
laxation of lockdown and strict relaxation of lockdown
measured as 15%, 50% and 75% increase of their base-
line value respectively. In comparison with no relaxation
of lockdown, result shows that: full relaxation of lock-
down increases the cumulative number of confirmed
cases by 66%-68%; average relaxation of lockdown in-
creases the cumulative number of confirmed cases by
33%-35%,; slight relaxation of lockdown increases the
cumulative number of confirmed cases by 11%-13%.

Daniel. J Infect Dis Epidemiol 2020, 6:158

Effect of maintaining a hygienic culture

This involves decreasing the transmission rate/con-
tact rate from environment to human. The effect of
maintaining a hygienic culture (fumigation of the envi-
ronment and hand washing) can be monitored by sim-
ulating the model using the estimated parameters in
Table 1 with the following effective measures:

(i) Slight hygienic culture measures: This requires re-
ducing the transmission rates from the environmental
reservoir to the susceptible class ( &, ) by 15% such that
we have ¢, =1.6031e-7

(ii) Average hygienic culture measures: This requires
reducing the transmission rates from the environmental
reservoir to the susceptible class ( ¢, ) by 50% such that
we have o, =9.43e-8

(iii) Full hygienic culture measures: This requires re-
ducing the transmission rates from the environmental
reservoir to the susceptible class ( ¢, ) by 75% such that
we have o, =4.71e-8

Figure 6 shows the simulation for various level of
hygienic culture in the absence of social distancing and
face mask. For no hygienic culture is measured as the
baseline value in Table 1, while, slight hygienic culture,
average social hygienic culture and strict hygienic cul-
ture measured as 15%, 50% and 75% increase of their
baseline value respectively. In comparison with no hy-
gienic culture, result shows that: strict hygiene culture
reduces the cumulative number of confirmed cases by
40%-45%; average hygienic culture reduces the cumu-
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Figure 6: Simulation of model (1.1) for various effectiveness of hygienic culture control measures in the absence of face

mask and social-distancing.
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lative number of confirmed cases by 30%-35%; while
slight hygienic culture reduces cumulative number of
confirmed cases by 10%-15%.

Effective use of face masks

This involves increasing the adjustment control co-
efficient to the transmission rate/contact rate from the
exposed to susceptible, highly infectious to susceptible
and environment to human with the use of face masks.
In order to provide adjustment to the number of indi-
viduals infected, we increase v, the adjustment coeffi-
cient providing adjustment to the number of individuals
exposed and infected. From the estimated parameter
in Table 1.

Figure 7 shows the simulation for various effective-
ness of face mask control measure in the absence of social
distancing and hygienic culture. For Usage of facemask is
measured as the baseline value in Table 1. In comparison
with no usage of face mask, result shows that: 25% usage
of face mask will reduce the cumulative number of con-
firmed cases by 45%-50%; 50% usage of face mask will
reduces the cumulative number of confirmed cases by
70%-75%; while 75% usage of face mask reduces cumu-
lative number of confirmed cases by 80%-85%.

Impact of complying with the assessment control

In order to consider the effect of complying will the
assessment control mentioned earlier, we consider 75%
compliance with the use of facemask and maintaining
full hygienic environment along with relaxation of lock-
down as follows:

Daniel. J Infect Dis Epidemiol 2020, 6:158

(a) Full relaxation of lockdown with 75% effective
use of Face Mask and Full hygienic cultural measure

(b) Average relaxation of lockdown with 75% effec-
tive use of Face Mask and Full hygienic cultural measure

Figure 8 and Figure 9 shows the simulation for 75%
effective use of face mask, full hygienic culture with av-
erage relaxation and full relaxation respectively. In the
presence of 75% effective use of face mask and main-
taining strict hygienic culture will reduce the cumulative
confirmed cases by 78%-80% and 73%-75% respectively.

Hence, we suggest the following: wearing facial
masks; maintaining social distance which could reduce
the direct transmission; washing of hands to reduce in-
direct transmission; fumigation of the environment to
reduce the virus from the environment; strict policy to
combat the spread of the disease. This would be helpful
to control the transmission of the virus.

The issue regarding reliability, precision and stan-
dard of the reported data are in short complex and out
of the scope of this study, as this study is more focused
on the aspect of mathematical modelling. Furthermore,
since there is no data for the prevalence of the virus
in the environment, we assumed 1/100000. This as-
sumption might be overestimated or underestimated.
Besides, the model is not age-structured and migration
into and out of the country were not considered. Lastly,
an individual infected with COVID-19 has the capability
of transmitting the virus averagely to two other people
in Nigeria, which implies an exponential rate between
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Figure 7: Simulation of model (1.1) for various effectiveness use of face mask control measure in the absence of social-
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Figure 8: Simulation of model (1.1) for an average relaxation of lock down with 75% effective use of face mask and strict
hygienic culture.

February 29, 2020 until when Nigeria government en- mented (March 30, 2020 for Ogun State, Lagos State
forced lock down in populated States like Lagos State, and FCT Abuja and May 12, 2020 for Kano State), many
Ogun State, Kano State, and the Federal Capital Terri- people has already been exposed, a large number of in-
tory, Abuja. In essence, before the lockdown is imple-  dividuals in Nigeria may have died of COVID-19 during
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Figure 9: Simulation of model (1.1) for a full relaxation of lock down with 75% effective use of face mask and strict hygienic

this period especially those with underlying conditions.
Hence, there may be underreporting of confirmed cases
and death reported especially during the period of lock
down due to poor health system in Nigeria in terms of
surveillance and level of testing. We plan to extend our
model to study the spread of the COVID-19 in Nigeria
in more details, predicting number of deaths and peak
date predicted.
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