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Abstract

Mathematical models has been useful over the years to understand the behavior and impacts of
several infectious diseases such as Malaria, Ebola, Cholera, in human and non-human population.
In this paper, a modified mathematical model of covid-19 virus in Nigeria is presented. The disease
free equilibrium, endemic equilibrium state, threshold behavior Ry and the bounded region where
the model is mathematically and epidemiologically feasible is established. The global stability
analysis for the disease-free and endemic equilibria are obtained using Carlos Chavez theorem and
LaSalle’s criterion. The results show that the virus will cause devastating impacts (R, > 1) in
Nigeria if the control and mitigation mechanisms are not adhered to. The numerical approximations
of the model via differential transform method illustrate the impacts of the virus dynamical
transmission in time/per week. The approximation’s insight raises concern as more people will be
susceptible and exposed to the virus, the number of infectious individuals will be on the increase for
some time with more hospitalize-isolation individuals in Nigeria. The approximation also shows an
increasing rate of recovery for infected individuals.

Keywords: COVID-19, Mathematical Model, Reproduction Number, Stability Analysis,
Differential Transform Method.

INTRODUCTION

The novel corona virus SARS-COV-2 known as COVID-19 emerged from China in Wuhan
city in the late 2019. The virus has since created global concerns in the health care and
social-economic sector and have been declared pandemic by the world health organization
on March 11th, 2020. The virus has rapidly spread to over 200 countries of the world and
continues to inflict nations severely including Nigeria (Amoo et al., 2020). Measures of
intervention to control and mitigate the pandemic such as social-distance, society lock
down, quarantine of suspected individuals, isolation, hand-washing, alcohol-base sanitizer
and the uses of face mask have been proposed and adopted by world health organization
and center for disease control in several countries to curtail the virus (Alshammari et al.,
2020), as the laboratory trials of effective vaccine are underway by different pharmaceutical
industries. In Nigeria, the first incidence of covid-19 was recorded on February 27th, 2020
from an Italian citizen whose diagnoses showed upon coming to Nigeria from Milan, Italy
(Anwar et al., 2020). By 27th December, 2020 Nigeria had recorded confirmed number of
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covid-19 cases to be 84,414 and 1,254 deaths (Abayomi et al., 2021).

Mathematical modeling has been extensively used to describe the transmission dynamics
of infectious diseases over the years and has provided great insight to decision and policy
makers in regards to mechanisms for controlling infectious diseases (Ayuba et al., 2021).
The authors (Okuonghae and Omame, 2020) developed a six compartmental mathematical
model that examines the impacts of various non-pharmaceutical measures on the
population dynamics of covid-19 in Lagos, Nigeria. The numerical simulation of control
measures (social-distancing, face mask and case detection) revealed that if 55% of
population adheres to the regulations for using face mask in public and social distancing,
the disease will not cause devastating impacts in Lagos. Idris ef al. (2021) developed a
mathematical model with ordinary and fractional differential equations that includes
asymptomatic and symptomatic classes for covid-19 disease and applied Dulac’s criterion
to establish the global stability analysis. The existence and uniqueness solution of the
model were also obtained. The authors (Musibau et al., 2021) formulated a deterministic
model that governed the transmission dynamics of the novel corona virus involving seven
system of ordinary differential equations and limited it to the analysis of the model by
differential transform method. Anwar et al. (2020) developed an isolation-based
mathematical model of novel corona virus (covid-19) and limited it to local stability
analysis using the reproduction number. Jeffrey (2021) developed SIR (susceptible,
infected, recovered) model and log-linear regression model to estimate the impacts of
covid-19 virus in Italy and Spain. The predictive log-linear regression model was found to
give better fit and simple daily estimates in both countries. Kayode et al. (2020) proposed a
statistical curve estimator model for daily cumulative report of covid-19 in Nigeria using
the NCDC data. The parameter estimators were confirmed cases, discharged cases and
death cases in Nigeria. The mathematical model of Covid-19 in Nigeria by Enahoro et al.
(2020) was limited to local stability analysis using the model reproduction number R, and
Data fitting of parameter estimation. The authors also assumed non recruitment rate in
susceptible population and ignored death rate of humans due to others factors.

METHODOLOGY

Covid-19 Model in Nigeria by Enahoro et al. (2020)

The model which has six compartments with the total human population N(t) at time t is
partitioned as follows: susceptible humans S(t), exposed humans E(t), symptomatically
infected individuals I, (t), asymptomatically infected persons I,(t), hospitalized
and isolated individuals I, (t) and recovered R(t) individuals. Therefore, N(t) = S(t) +
E(t) + I;(t) + 1,(t) + I,(t) + R(t). The model equations, parameters and description are
presented in Table 1 and equation (1) respectively.

das I Iq
E = _ﬁs(l - emcm)ﬁs - ﬁa(l —€m — Cm)ﬁs
dE Is Ia

E = ﬁs(l - emcm)ﬁs + ﬁa(l - emcm)ﬁs —oE

dls
E = (1 - T)O-E - (¢s +¥s + 55)15

dl,
vl roE — vy, 1,

d

= ¢sls = (rn + )1y

dR
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Modified Model Theory

In Nigeria, federal government placed restriction of inter-state movement on May 4, 2020
as the burden of covid-19 virus increases concern in the health-care sector. Though, with
the restriction, several people could make their way from one state to another thereby
making other people more likely to contract the virus at all level of Nigeria society.
Therefore, the modified model has the recruitment rate 4 of humans into the susceptible
sub-population and inclusion of death rate of humans u due to other illness or factors
aside covid-19, in each of the six compartments; susceptible, exposed, symptomatically
infected, asymptomatically infected, hospitalized infected and recovered class. The flow
diagram, fig. 1 depicting this interactions and the modified governing equations are
shown in equation (2).

Figure 1: Flow diagram of the modified model

dS 15 Ia

dt =1- Bs(l - Emcm)ﬁs - Ba(l - Emcm)ﬁs —us
dE I Iq

dat = ﬁs(l - emcm)ﬁs + ﬁa(l - emcm)ﬁs - (O' + #)E

dls
- = (1—7‘)0’E— (¢s+ys+65+.u)ls

dac
> (2)
dig
— =10k — (ya + .u)la

dt
dl
d—: = ¢sls — (vn + 6p + W1y
dR
E = ysIs + yala + thh - .UR )
RESULTS AND DISCUSSION

Positive Invariant Region

In this section, the bounded region of solution for the covid-19 model equations (2) is
derived. Let the feasible region © be defined by

O={S())EV).1s(0),1a (). In (D) R RE:N(0) < N(B) <7

with initial conditions S(0) > 0, E(0) = 0, [;(0) = 0, ,(0) = 0, [,(0) = 0, R(0)=> 0 as
positive invariant for the dynamical system of equations (2)

Proof: The total human population is given by

N(t) =S(t) + E(t) + I(t) + 1, (t) + I (t) + R(2). (4)
Differentiate equation (4) with respect to t
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AN _dS | dE | dl; , dl, , dly , dR
dt dt dt dt dt dt = dt
Substitute model (2) equations into (5), we obtain

N
— = ~HS — uE = 8ls — puls — ply — plp — pR

dN

Esﬂ—u(s+E+ls+Ia+lh+R)
Z—fsl—uN.SOIVingforNattﬁoo, we obtainNS%

Thus, 0 is a positivity invariant set under the model described by equation (2)
The Equilibrium State

Disease free Equilibrium State
To achieve the free equilibrium point, we set the left-hand-side derivative of the ODEs in
equation (2) to zero and solve for the values of S, E I, I;, I, and R at time t=0. This follows

I I
A—=Bs(1— Emcm)ﬁss —Ba(1 - Emcm)ﬁas —us=0 )

Is Ig
Bs(1 — emcm)ﬁs + Ba(1 — Emcm)ﬁs —(c+wWE=0
A1-1)0E —(¢s+Vs + 6+ ) =0
roE — (Yo +W)ly =0

Gsls = (rn +0p + W1 =0

Ysls + Yala + Yalp —pR =0
Since att=0, I = I, = I, = 0, then (1 — r)oE = (¢s + vs + s + wl;. For E = 0, and y, [ +
Yala + Vrln = uR, R=0. Also A = Bs(1 — €;,Cm) INSS —B.,(1 = €ncm) %S —uS

substituting of E, I, I, I, into above equation, we have A — uS = 0 =>S=£. Thus, the

~

6)

disease free equilibrium point is given by Uy(S, E, I, I, Iy, R) = (%, 0,0,0,0,0)

At the disease free equilibrium point, it is assumed that there is no case infection in the
population.

Endemic Equilibrium State
To obtain the endemic point of model equations (2), the left-hand-side derivatives are set
to zero, and we obtain the endemic points S*, E*, I, I;, I, and R* as shown.
o = (0 +wWWa + (s +ys + 65 + 1)
o(1—eycp)[Bs(1 = 1) (g + 1) + Bo (s + s + 65 + 7]
pr=20-emem)Bs(A-1)(Ya+t 1) +Ba(@s+yst8s+ 71— (o +1) (Yat 1) (Ps+ys+s+1)
o(1—emem)(0+W)[Bs(1-1)(Va+1)+Ba(Pst+ys+Es+u)7r]

{/10-(1 - EMCM)[ﬁs(l - T)()/a + ru) + ﬁa(d’s +vs+ 65 + ,u)r] - #(U + H)(Va + .u)(d)s +v¥s+ 65 + #)}
(1 - EMCM)(Va + .U)(a + ﬂ)[ﬁs(l - T)(Ya + ,Ll) + .Ba(d)s +ys+ 65 + #)T]
Ia
{/10(1 - EMCM)[ﬁs(l - T')()/a + :u) + ﬁa(¢s +ys + 85 + ,u)r] - M(G + M)()/a + :u)(d)s +ys+ 55 + :u)}
(1 - EMCM)(U + M)(d)s +v + 63 + M)[.Bs(l - T)(Va + ﬂ) + ﬁa(d’s +¥+ 55 + y)r]

In

==

= ¢s(1
_ T') {AO-(]- - GMCM)[ﬁs(]- - T)(]/a + .u) + ,Ba(¢s +v + 55 + M)T] - .U(J + .U)(Va + .u)((ps +¥ + 55 + #)}

(1 - EMCM)(J + ﬂ)(d)s tvs + 55 + ﬂ)(yh + 8h + .“)[ﬁs(l - T)(]/a + ﬂ) + Ba(‘l)s tvs + 65 + [,L)T]
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Q=) Ga+ W) n + 6n + 1) + Va(Ps +vs + 85 + W n + 8 + W + dsvn (1 — 1) (¥, + )}
- (1 — eycr) (@ + W (Ps +vs + 85 + W g + W) (n + 8 + 1)

{/10'(1 - EMCM)[,Bs(l - T)(Va + .u) + ﬁa(qbs +ys + 65 + H)T] - .U(U + ,ll)()/a + ﬂ)(d)s +vs +65 + ﬂ)}
[ﬁs(l - T)(]/a + .u) + ﬂa(d’s +ys +6s + .U)r]

R*

Reproduction Number

A very important concern about any infectious disease is its ability to invade a population
(Van den & Watmough, 2002). The threshold condition known as the basic reproduction
number (usually written as R, ) is used in determining whether the disease will persist or
dies out in the population with respect to time. If Ry < 1, then the disease free equilibrium
(DFE) will be globally asymptotically stable and the disease cannot invade the population
while when R, > 1, then the DFE is unstable and invasion is possible which could leads to
an endemic equilibrium state (Van den & Watmough, 2002). To obtain the basic
reproduction number, we applied the next generation matrix operator as used by several
authors (Ayuba et al., 2021; Idris et al., 2021; Van den & Watmough, 2002). We obtained the
reproduction number R, = AB~!. Where 4 is the matrix of appearance for new infection
and B is the matrix for transfer of infected individuals from the compartments (E, I, I,).
Considering the model equations (2), we then obtain

I I

_ Bs(1 — GMCM)NSS + Ba(1— EMCM)NaS

0

0

e+
b=|-(1-1r)oE + (¢s +vs + s + Wi
—ro + (Va + .u)la

Differentiate partially a and b with respect to E, I, I, compartments at disease free state,

a

we obtain
0 Bs(1—eycy) PBoa(1—eycy)
A=10 0 0 ,
0 0 0
(o +uw 0 0
B = —(1—7‘)0’ (¢s+ys+5s+.u) 0
—ro 0 (Ya + 1)
1 0 0
(o +w)
g1 1-r)o 1
(0+wW(ps+vyvs+os+p) (Pps+vys+s+1)
ro 0 1
(e +wW¥a+1) (Yo + 1)

o(1—r)(1 — emem)Bs ro(1 —eycm)Ba Bs(1 — eycy) Ba(1 —epycy)

+
A1 = |0+ W(Ps+ys+6s+p) (+wWa+pw) (Pst+vs+ds+w Ya + 1)
0 0 0
0 0 0

The reproduction number of the modified covid-19 model R, is obtain by

-1y _ 0Q@-1)(A-emcm)Bs ro(1—€ycm)Ba . _
p(AB™') = DAt bt s Gt which follows that R, = RI; + RI,, then

_ o(1—7)(1 —eycy)ps ro(1 — €ycy)Pa
o+ W@s+Hys+ 8+ (0+wyg +
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Global Stability Analysis
In this section, we obtain the global stability of disease free equilibrium and endemic state
of the model (2).

Global Stability for the free Equilibrium State
The Carlos Chavez theorem is applied to prove the global stability of the disease free
equilibrium state. The disease free equilibrium point is obtained as E (S, E, I, 15, Iy, R) =

4,0,0,00,0).
By Carlos Chavez theorem, we derived the following from the model equations (2)
[ I I
A= Bs(1 = emcm) 35S = Ba(1 = €mem) ;S — S
Gsls — (vn + 6 + W1
- Vsﬁs +VYala + vnln — .URI
Bs(1— emcm)NSS + B, (1 — emcm)NaS — (o + wE
(1 —1)oE — (¢s +¥s + 65 + W
roE — (Yo + Wlg

Substituting the disease free equilibrium point into F(X, Z) we obtained
A—uS

0

0

F(X,Z) =

GX,2) =

F(X*,0) =

For % = F(X",0),X" is globally asymptotically stable by (H;). The second condition(H,)

implies G (X,Z) = AZ — G (X, Z); G (X, Z) > 0, where A = D,G(X*,0). For A = D,(X, Z),
—(o+u) Bs(1 —eyey)S Ba(1 — eycy)S)
DZ(X'Z) = (1_T)0 _(¢5+V5+65+,u) 0
ro 0 (Yot
At disease free equilibrium point, S = %

[t Bl —ewem)s  Bull—emen)
° " “ u

(1—7‘)0’ _(¢s+ys+6s+ﬂ) 0
l o 0 —Va+ 1)

GX,2)=AZ — G (X,Z) =

D,(X,Z) =

A A
et Ay Bl - ewen) | [E
Iy
[(1—r)a ~($s+¥5 + 85+ ) 0 J,a
ro 0 ~(a+ 1) '
(1-e€ I I % E
B - MCM)(BS s +ﬁa a)(‘u - N)
0
0
(1~ emem)Bels + Bal) G~ )
6,’(X,Z) _ M*M ssO a‘a M N
0

Since S<N and u< 2 then% < % Thus, the conditions (H;) and (H,) are satisfied. By
theorem (1) in section 2, the disease free equilibrium E, of the model (2) is globally
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asymptotically stable provided Ry < 1. The epidemiological implication of the above result
is that the disease can be eliminated from the country if the threshold quantity R, can be
brought to (and maintained at) a value less than unity.

Global Stability of Endemic State
In this section we investigate the global stability of the endemic equilibrium point using
Lyapunov function and LaSalle’s criterion.

Theorem 3: The unique endemic equilibrium E, of the the model (2) is globally
asymptotically stable if Ry > 1 and L < 0.

Proof. From equation (2), let SsIsS = Bs(1 — €pcpy) %S and B41,S = B, (1 — EMCM)%S
then modified model (2) becomes

as ' '

q& A = BsIsS — BalaS — uS

dE ’ I
at = BslsS + BalyS — (0 + WE

dl
s = (1 = 1)GE — (s + ¥s + 85 + W

dt ar, (7)

at =10E — (o + wl,

di
d—: = ¢sls — (yp + 6p + Wy

dR
at = Vsls + Yalqg + Ynln — UR

Let E; = (S™,E™, 157, 15", 1", R™™) represents any arbitrary endemic (positive) equilibrium
of the modified model (2). Let Ry > 1 so that a unique endemic equilibrium exists and
consider the following non-linear Lyapunov function of Goh-Volterra type (Sangotola &
Onifade, 2019) which in our case is defined by

L=(-S5" —S**logss**) + (E—-E"™ —E"log

E
E**

)+ PUy — 15" = I*log =
)
+QUq — 15" = I5'10g %) + T(Iy — I = I} log -
a h
Where L is Lyapunov function, P, Q and T are the constants to be determined.
Differentiating (8),
L=1-)5+a-)E+PQ1 —’ILS)JS +0(1 —’Iia)ia +T(1 —’Ilh)ih )

Substituting (7) into (9)
L =2=BilsS = BaloS — 1S = [A = B3lsS — BalaS — iS]
+B31sS + BalaS — (0 + WE — =[S + BalaS — (0 + WE]
3
+P[(1 - T‘)O‘E - (¢s +¥s + 65 + M)Is - Z ((1 - T)GE - (¢s t¥s + 55 + M)Is)] (10)
+QIroE = (a + Wy = 1= (roE = (a + WI] + Tdsls = G + 8 + Wy —

1**
ﬁ (sls — (Yn + 6 + 1)11)]

Where P="Z*4) Q—(Hm, and T=st¥st0s*) Substituting the above parameters into (10)
(1-r)o ro s

yields
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L=2- BslsS — Bala AsS™ + BalaS™ + uS™

(IsSE*  BalaSE*™

+B31sS + BaleS — (0 + WE — =+ (0 + WE™
(o+uw) (1-r)oEI$*
t e (A =1OE = (fs + Vs + 05 + W)s ————+ (11)
*% + EIa *%
(@5 +¥s + 65 + W]+ S [10E — (1o + 0o — =% + (v + 01

(¢S+ S+65+ ) S SI
+ R [l — (Vn + On + )] — Dol (yh + 8y + WI;"]

Collecting the infected compartments with ( *), we obtained
IsSE™ BhI,SE**

L= +yS** us — BSE - + (o + WE™
_ (0+l;)51§* n ((10+rl;) (s + Ve + 8y + W — (0+lIt)Eli£* +
s ok @ (12)
PEITD [ — (ps ¥ + 8+ )
h
s+Ys+0s+ *%
+ L (4 5+ W,
At the endemic equilibrium, it can be seen from (7) that
1 E**
G bt 55 +1) —%
_ S (BsIs* +Bald’)
(c+mw)= = > (13)
E**
(Ya + ) = r(;-**
SIS
(nton+m=25

Substitute (13) into (12)

. T psx *%y 2 I px% *%y\ 2
L — B;I;*S** +ﬁ(,1]**5** + Z‘US** _‘uS _ ﬁSIS (S ) _Bala (S )

s s
(§5")?%  BsIsSE™  BalaSE™* b BIIZS* 4 BLISS™ — BsUs*)*S*E
S E E S a I E** 14
— ﬁaI;*I(*l*S**E + ﬁ,I**S** + ﬁ’ I**S** + BSI;*S** + ﬁalé*s** _ BSI;*I**S**E ( )
IE*™* sls a E £ 1,E*
Bs(IZ)2S™E (1-r)oE** I} I, (1—r)oE**1,*1*
T IET [ 1 1 ]
Factorizing (14), we obtained
L =pus* =]
S
LRLITS™ _L'EIFE 15515**]
S o IE™ IGE™  IJ*S™E
Bl [3 ST L e e s )
T LE I4E I*S™E

+(1 =)ol E* [?— ’S]
h

I**Ih_

Finally, since the arithmetic>geometric mean, then the following inequality holds;

S S** -
[ S* 1 IE IE ISE™

3—— -
S T E™ IE*™ I,E* IFS™E
[ S* 1 IE LE  I,SE*™

3—— = —
S TE™ LE™ 1,E* I;SYE
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1 I
-—=1<0
rr I,

Therefore, L < 0 for R, > 1. Hence, L is a Lyapunov function 6 and it follows by LaSalle’s
Invariance that every solution of model (2) approaches a unique endemic equilibrium of
the model as t — o for Ry > 1.

Hence, the endemic state is globally asymptotically stable.

Numerical Approximation

In this section, we discussed the approximation results for dynamical model equations (2).
The differential transform method (DTM) is used to convert the modified model equations
governing the novel corona virus in Nigeria to approximate form. The parameter values in
table (2) are used to obtain the approximation results of the model compartments using
Maple 17 software. The total population N is estimated to be 1, 0000000 with initial
conditions for the state variables as: S(0) = 1500, E(0) = 1000, I;(0) = 500,1,(0) =
400, 1,(0) = 350, R(0) = 330.

Table 2: Parameters Estimation/Value (Enahoro et al., 2020)

Parameter Value
A 200

u 0.2

o 0.1961
r 0.5

s 0.003
Bs 0.401
Ba 0.3

€y 0.5

Cy 0.1

Vs 0.1429
Ya 0.1429
Yn 0.0714
[ 0.011
6p 0.01

Model Approximation by Differential Transform Method
The differential transform method (DTM) for a function f (t) is defined by

F(©) = 2 (Z£O) Iz, (16)

The inverse transform is obtained as

() = 20 F (Ot — to)¥ (17)
Combining equation (16) and (17), we obtained

1

F@©) = S0 F (0 — ) = (S f(O) =iy, (18)

In practical sense, the approximation of f(t) is given by
Sieo F ()t — to)* (19)
And the error term is

Attah F., Ayuba S. A., Abdulrasheed S. I., DUJOPAS 8 (2b): 170-183, 2022 178



Analysis of a Modified Covid-19 Model in Nigeria and Approximations Using Differential Transformation
Method

Zieni1 F ()t — t)“F (k) (20)

The transformation of the modified model equations (2) by DTM is obtained as

k k
SUe+ 1) = 1z 2= AL = e X S0 = DI0) = Ball = emem) 2 Sk = DIa(h) ~ S|

E(k+1) = — [35(1 - emcm)%éoS(k — D)Is(k) + Ba (1 — emcm)%éoS(k — D)l (k) — (o + ,u)E(k)]
I(k +1) = = [(1 = )0E(K) = (s + Vs + 85 + 1)1 (K)]
la(k +1) = —[roE (k) = (o + i)1a (k)]
In(k + 1) = =[5 (k) = (v + 8 + I (K)]
R(k +1) = = [Vels (k) + Vala () + Yl (k) = pR(K)]

(21)

Using the initial estimation and the parameters value in table (2), and for k=0, 1, 2,..., 10,
the semi-analytical approximation of equations (21) for time t in weeks is obtained by

S[t] = K, S ()t! = 1500 — 99.9894288 * t + 109.9928615 * t2 + 59.33498403 = t3 + 47.03310238 * t*

+38.11868996 * t> 4+ 32.06270928 = t® + 27.65535121 = t7 +
2430861622 * t® + 21.68203076 * t° + 19.56635938 * t1°

Susceptible human class

4 % 101 ¢
o
°
3.x 101 o
°
o
<
2.x 101 »
Z <
o
E2
°
o
1.%x 103 1 g
°
N
°°
/°°
0 r . . : . )
5 10 15 20 25 30
7 (weeks

E[t] = 3K E (Dt} = 1000 — 396.0543288 * t + 78.43087685 * t> — 10.35468958 * t3 + 1.025316900 * t*

—0.8122286334e — 1 x t5 + 0.5361985473¢ — 2 * t® — 0.3034127174e — 3 = t” +
0.1502300440e — 4 * t® — 6.612007908 * 10( — 7) * t° + 2.619134769 = 10 — 8) = t10
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Exposed human class
1.x 1074
8.x 10%+ ©
°
6.x 105 2
o
4% 1054 o
o
2.x 10° &
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DISCUSSION

In this study, the covid-19 model in Nigeria by Enahoro et al. (2020) is modified. The
modified model assume that, there is recruitment rate (migration) of people between the
Nigeria states thereby making the other people at risk of the virus. The model also assumed
that the mortality rate of people is not only due to covid-19 virus but other factors too. The
global stability analysis for both disease free and endemic equilibrium state shows that: (i)
The disease free equilibrium of the modified model (2) is globally-asymptotically stable
whenever the associated reproduction number R, is less than 1. (ii) The modified model
has a unique endemic equilibrium, whenever the reproduction number R, is greater than
one and it is globally-asymptotically stable. The modified model equations were
transformed into differential transform method (DTM). Maple 17 software is used to
approximate the transformed equations by DTM at time t/weeks with conservative
estimates and data from Enahoro et al. (2020) to analyzed the dynamical feature of the
model. The approximation results raises concern as more people will be susceptible and
exposed to the virus, the number of infectious individuals will be on the increase for some
time with more hospitalize-isolation individuals in Nigeria. The approximation also shows
an increasing rate of recovery for infected individuals. Thus, control and mitigating
mechanisms such as the use of effective face mask and efficacy, social distancing,
restriction in movement and hospitalization/isolation of infected individuals is highly
recommendable to curtail the virus projected impacts.

CONCLUSION

This paper demonstrated the impacts of novel coronavirus in Nigeria using mathematical
modeling, a non-pharmaceutical approach and approximation. The parameters
measured for social-distancing and effectiveness f,f;, face mask compliance and
efficacy ¢, €, plays an important role in curtailing the virus. The recruitment rate 4,
progression rate o from being expose to the virus and become symptomatic, the rate ¢, of
infected individuals being hospitalized or isolated showed a great influence in the
interactions and impacts of the virus in Nigeria state as seen in the approximation figures
S(t),E(t) and I(t). The decreasing rate in hospitalized/isolated class I (t) is influenced
by large number of infected-infectious individuals recovery from the virus y;, thereby
increasing the number of recovery individuals (¥4, ¥p, ¥s) for R(t) from the virus as seen in
R(t) approximation graph.

REFERENCES
Attah F., Ayuba S. A., Abdulrasheed S. I., DUJOPAS 8 (2b): 170-183, 2022 182



Analysis of a Modified Covid-19 Model in Nigeria and Approximations Using Differential Transformation
Method

Abayomi, O. A., Ayodeji, S. M, Samuel, M. A., Omolayo, A. A. & Omanma, C. U. (2021). A
comprehensive analysis of COVID-19 spread in Nigeria. 4th international conference of
information technology in education and development, Baze University-Abuja, Nigeria.

Alshammari, M. T., Altebainawi, F. A. & Alenzi, A. K. (2020), Importance of early precautionary
actions in avoiding the spread of covid-19. Journal of the Saudi pharmaceutical society,
https.//doi.org/10.1016/].JSPS.2020.05.005

Amoo, O.S,, Aina, O., Okwuraiwe, A. P. & Onwuamah, C. K. (2020). Covid-19 spread patterns
is unrelated to malaria co-infection in Lagos, Nigeria. Advances infectious Diseases, 10,
200-215

Anwar, Z., Ehbraheem, A., Vedat, S. E. & Gul, Z. (2020). Mathematical model for coronavirus
disease 2019 (covid-19) containing isolation class, BioMed Research International, vol.
2020, DIO:https://10.1155/2020/3452402

Ayuba, S. A., Akeyede, I. & Olagunju, A. S. (2021). Stability and sensitivity analysis of dengue-
malaria co-infection model in Endemic stage. J. Nig. Soc. Phys. Sci. 3, 96-104

Enahoro, A. I, Oluwaseun, S., Calistus, N. N. & Abba, B. G. (2020). Mathematical modelling
and Analysis of covid-19 pandemic in Nigeria. Mathematical Bioscience and Engineering
17(6), 7192-7220

Musibau, A., Omoloye, S.0., Adewale, A M. U. & Asimiyun, O. (2021). Analysis of coronavirus
disease model by differential transform method (DTM), IJARIIE, vol.7, 1410-1419.

Idris, A., Goni, U., Abdullahi, Y., Poom, K. & Ibhrahim, Y. (2021). A mathematical model of
coronavirus disease (covid-19) containing asymptomatic and symptomatic classes.
Results in Physics, https:/ /doi.org/10.1016/j.rinp.2020.103776

Okuonghae, D. & Omame, A. (2020). Analysis of a mathematical model for covid-19 population
dynamics in Lagos, Nigeria. Chaos solitons fractals, Dio:10.1016/j.chaos.2020.110032

Jeffrey, C. (2021). A statistical analysis of the novel coronavirus (covid-19) in Italy and

Spain, PLoS ONE, 16(3), dio:10.1371/journal.pone.0249037

Kayode, A., Adewale, F., Rauf, LR., Olusegun, O.A. & Charles, E.O. (2020). Modeling Nigerian
covid-19 cases: A comparative analysis of models and estimators, Chaos, Solitons and
Fractals, 138(2020), https:doi.org10.1016 /j.chaos.2020.109911

Sangotola, A.O., & Onifade, A. A. (2019). A genralized SEIR mathematical model with
infectivity in exposed period. Journal of Nigeria mathematical society, vol. 38, issue 1, 45-
54

Van den, D. P. & Watmough, J. (2002). Reproduction number and sub-threshold endemic
equilibria for compartmental models of disease transmission. Mathematical Biosciences,
vol.180, 29-48

Attah F., Ayuba S. A., Abdulrasheed S. I., DUJOPAS 8 (2b): 170-183, 2022 183


https://doi.org/10.1016/J.JSPS.2020.05.005

