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Abstract

Background/ Objectives: COVID-19 is being a global threat to humankind for
past two years. Although the outbreak appears to be restrained at the moment,
it is likely to become an epidemic again. Hence, there is an emergence of
preventing such situation. This study reveals a model which helps to control
this epidemic by sufficient control measures. Methods: The proposed model
follows a vital dynamic. Two compartments namely hospitalised and preventive
class were included along with the SEIR model. Further, the expression for
the reproduction number has been derived using the Next-Generation matrix.
Findings: The proposed model is well-defined. Also, the existence of the
equilibrium points of the proposed model is justified. Further, the local stability
of the equilibria is exhibited. Novelty: This study introduces the Preventive
class, which plays a vital role in preventing the spread of outbreak and
enhances the necessity of practicing preventive measures. The numerical
simulations conclude that the constructed model is explicit and support to
control the spread of COVID-19.
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1 Introduction

The term COVID-19 is globally popular, from the end of the year 2019. This infection
is a contagious disease and it is spawned by the Severe Acute Respiratory Syndrome
(SARS). The first victim of this disease was spotted in Wuhan, China. At that instance,
the researchers were facing difficulty in understanding the mechanism of the spread
of corona virus (CoV). This caused a delay in discovering antidrug for the virus. This
scenario has been prevailed earlier at the time of evolvement of Ebola virus. Lot of
research is being done to prevent the spreading nature of Ebola virus. For example,
Tahir et. al analysed the stability and the spreading nature of the Ebola virus "), Similarly,
Carcione JM et.al, modelled the dynamics of COVID-19 using an SEIR model and made
a simulation ®. In 2022, Bhadauria et.al published a research article that justifies the
concept of practicing quarantining individual helps in controlling the spread of the
disease®. Likewise, Zeb A. et.al, simulated a mathematical model for corona virus
disease with the isolation class to manage the spread of corona virus®,
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The evolution of corona virus was challenging the researchers to predict its nature and to control it. Though the origin
of COVID-19 has been traced faster, yet the cure is still under research. So researchers preferred alternative suggestions like
immunity medicines and vaccinations which had brought a hesitation among people ®). Researchers Zou et.al modelled the
effect of vaccination and quarantine on transmission dynamics of COVID-19(®). Also, Poonia et.al, suggested an enhanced
SEIR model with the effect of vaccination which influenced the importance of getting vaccinated”. But people adapted the
habit of practicing the advised control measures like wearing face mask, social distancing and sanitizing the surfaces.

Most of the research works are confined to the idea of insisting to get vaccinated and intake medicines. But this paper
proposes a model in analysing the spreading nature of COVID-19 with prevention class which focuses on the importance of
practicing preventive measures. The article is highlighted through the stability analysis using the corollary of Gershgorin’s Circle
Theorem ®. Finally, the article compares the optimality of the proposed model by the numerical simulation *).

Most of the individuals have been vaccinated yet some still hesitates to get vaccinated. Instead, people prefers to follow the
control measures but it is confusing why they hesitate to get vaccinated. In order to dismiss the epidemic, there should be a
proper model replicating the foresaid scenario of COVID-19 in controlling the reproduction number of the disease. Hence,
this paper emphasise the importance of practicing the preventive measures and shows that the number of infective can be
suppressed very quickly by means of proposing this model.

2 Methodology

2.1 Model formulation and its mathematical analysis

The proposed model incorporates the Preventive class and the Hospitalised class with SEIR model. This model stands out from
other models and probably reflects the present reality. As people stop practicing wearing mask, maintaining social distance and
sanitizing the surrounding, the proposed model would be more needed as it emphasizes the importance of preventive measures.
Thus, it is clear that the proposed model differs from the usual SEIR model and is more efficient in controlling the disease.

1. Assumptions

The following are the assumptions made for the construction of the proposed model,

o The model is assumed to be of vital dynamics with birth rate A and mortality rate u.

o The infection rate of the susceptible to infected class and the exposed class is denoted by i and f3, respectively.

o The infection rate of the exposed is given by 7.

« The recovery rates from exposed and the infected is noted as A and §; respectively.

o The Hospitalized class contains individuals who are at risk.

o The rate at which infected individual move to hospitalized class is given by 1.

« Individuals who practice the control measures are considered in Prevention class.

o O and 03 are the recovery rates from hospitalized and prevention class respectively.

o kj and k; are the rates of disease caused mortalities.

e 0) and 6, are the rate at which the individuals move from susceptible and hospitalized classes to prevention class
respectively.

o ¢ is the rate of individual who again fall in the susceptible class.

2.2 Mathematical model

System 1:

% =A—B1SI— BSE — 6,5 — uS+€R

5—; =BoSE — (y+A+N)E

I :ﬁ1SI+')/E*(n+51+k1+H)I

A —nl— (& +k+u+6,)H

9= 01S+6,H— (1 +&)P

AR — AE + 811+ &H + &P — (1 +¢€)R

The system (1) consists of the following compartments namely Susceptible S(¢), Exposed E(¢), Infected (), Hospitalized
H(t), Preventive P(r) and Recovered R(t)satisfying the initial conditions S(0) = Sy, E (0) = Ey, 1(0) = Iy, H(0) = Hp,
P(0) = Pyand R(0) = Ro where, S(t) + E(t) +1(t) + H(t) + P(t) +R(t) = N(t).
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2.3 Preliminary properties

Lemma. The system (1) is considered to be well-defined if it defines a positive dynamical system within the domain, ® =
{S0).E@).10).H @), P@)RE) RN @) <A}
Proof.
From (1),
45 = A—BiSI — B.SE — 0,S — uS + €R
Integrating and solving, we get
S(t) > S(0) e~ (WHBiI+BE)
S()>0
Similarly, we can say
E(t)>0,1(t)>0,H(t)>0,P(t)>0andR(r) > 0.
AlSO, ’ ’ ’ ’ / /
NG — S (1) +E (1) +1 (1) +H (1) +P (1) +R (1)
=A—UN—kil—kH
<A—uN
: A
LimsupN (1) < &

Thus, the system is well-defined under the initial conditions.

2.4 Existence of equilibrium points

Two types of equilibrium points are required in the case of epidemic. They are Disease-free Equilibrium (E 0) and Endemic
Equilibrium(E*).
Equating the first equation in system (1) to zero and solving for S°, we obtain
0=A—PBS1° — B,S°E0 — 6,5° — uSO + R°
0 :A—A(el +u)s°
0

(61+4)
Substituting the value of S° we obtained the expression for P as follows
0 _ AB;
P = wmoe
; ; 0 F0 j0 g0 p0 poy — (_A A8
Thus, the DFE is obtained as (S, E,1°, H, P° R?) = ((91+u)’ 0,0,0, (53+u)(}91+u)’0)'

Similarly, the EE is derived as follows,
S — (y+A+p)

B2
Er = Bt tkitn) =i (y+A+1) p

b
I — A(1—€)+B1e—B;

(A1My—B;€)
H — N[A+eR—M> (6, +1)]

(02 +ka+62+1) (B1 +Bo M1 )M
pr— L [6BilrAdn) | 6rn[AteR—My (61 +1)] }

(63+n) B (G2 +ko+62+1) (B +BaM1 )M
R* — (91+u)8(g2+/1+u) + [ﬁl(wl;jw) +M1(Y+7L+u)} A
where,
Ay = B+ oM,
M, = Bo(n+81+ki+1) =P (y+A+1)

vB2
M, = (r+A+u)

2
By =M, (elgrlvl)
By =M1 +M(y+2A +u)
By =M(61 + 1)
2.5 Determination of reproduction number

Reproduction number is a constant value denoted as Ry which defines the existence of the outbreak. The characteristic of the
epidemic can be defined by the Ry value as follows
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(1) If Ry < 1, then the outbreak will decline and might come to an end.

(2) If Ry > 1, then the outbreak continues to be a pandemic.

The reproduction number of the system (1) can be obtained by the next generation matrix.

The Jacobian of the infective classes namely Exposed, Infected and Hospitalized classes is as follows:

B2S—(y+A+u) 0 0
J(E,I,H) = Y BiS—(n+ 6 +ki+u) 0
0 n —(02+ky+6,+ 1)
The transmission and the transition matrix is obtained as follows:
S 0 0
F= 0 BiS 0 ]and
0 0 0
—1
(r+2A-+u) 0 0
V71 — Y —1 0
(Y+7L+H)(_Tl%51 +hy+u) (n+01 %klﬂl) 3
(Y+l+ll)(ﬂ;-B51+k1+H)(52+k2+92+ﬂ) (N+01+k1+1) (S +ko+02+1)  (Sr+hka+6+11)
o2
o (7%;/4) Sﬁ 0
= 1 —OP1
= Ex e M CEr e ey B
0 0 0
Thus, the eigenvalues of the above matrix are 0, (y;i%m and I g] Sﬁc‘l e

The reproduction number can be obtained by the spectral radius of matrix FV ~!. Spectral radius of a matrix is defined to
be the maximum of the absolute values of its eigenvalues.
Hence, the reproduction number is obtained as given below

_ S, S
Ry=p (FV') = max{ (y+fiy)’ (n+5lf1’<1+#)}

2.6 Stability analysis of the equilibrium point

Theorem 1. If Ry < 1 then the system (1) is stable at the DFE.
Proof. The Jacobian matrix of the system (1) at the DFE is as follows.

—(614u) —B25o —B1So 0 0 £
0 BoSo— (Y+A + 1) 0 0 0 0
J(Eo) = 0 Y BiSo— (n+ 61 +ki +p) 0 0 0
0 0 n —(+kr+6,+1) 0 0
0; 0 0 0, —(03+u) 0
0 0 S1 & 03 —(u+e)

Clearly, the eigenvalues A| = — (u+¢€), Ly = — (& + 1), ls=—(& +ky+ 6+ 1) and Ay = —(0; + p) are all negative.
Whereas, the other two eigenvalues must satisfy the following conditions for the system to be stable.

(@) B2So > (y+A +pu)and

(b) BiSo—(N+8& +ki+u>7)

Obviously, (a) and (b) are satisfied if Ry < 1.

Thus, the system (1) is stable at DFE for Ry < 1.

Theorem 2. If Ry > 1, then the system (1) is stable at EE.

Proof. The Jacobian matrix of the system at the EE is given by

—BiI* —BE*— 6, —u —B.S* —B,S* 0 0 €
BE* BS*—(y+A+nu) 0 0 0 0
J(EY) = Bir* Y PiS* — (n+61+ki+u) 0 0 0
0 0 n —(&+ka+6,+u) 0 0
6 0 0 6, —(65+u) 0
0 A 5 8 83 —(u+e)

For the system to be stable, all the eigenvalues must be negative. So, the diagonal elements must satisfy the following
conditions

DB+ BoE” + 61+ 1) > (BoS™ + BiS™ —€),

(i)BoS* — (Y+ A +u) > BE*
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(iii)Bi1S* — (M + 01+ ki +u) > (BiI* +7),

(iv)(&+ ko + 6+ ) > 1,

(v) (&3+u) > (014 6,2) and

(vi)(u+€)>A+8+6+0)

Thus, for Ry > 1 the system will be stable at the EE if the above conditions are satisfied.

3 Result and Discussion

The reproduction number Ry is very much helpful in predicting the nature of the outbreak. By considering, the data used
by Nwokoye et.al, in the article entitled “The SEIQR-V Model: On a More Accurate Analytical Characterization of Malicious
Threat Defence, we have S = 100, Eg =3, Iy =1, H)=0,Py=0, Ry =0, A=0.1, ; =0.1, B =0.1, 8 =0, = 0.25, e =
0.08, y=08,1=0.3,1=0.1, 8 =0 = 63 = 0.4, k; =k, =0.25 and u = 0.003.

Substituting the above values and simplifying, we get all the possible values of Reproduction number at both the equilibrium
points as follows:

Case (a): For Ry = 5B

(r+2A+1)
(i) At disease-free equilibrium:
_ _SoBp __ 0.3953x0.1 _
Ro = (7+01Ji/.1) = "Tj0s — = 0.0358

Thus, Ry = 0.0358 < 1
(ii) Similarly, at endemic equilibrium:

_ _SB _ 11.03x0.1 _
Ro = (7—&-1-’,2-;1) = 1135 =1
Thus, Ry =1 5
. — SP1
Case (b): For Ry = R Ty
(i) At disease-free equilibrium:
_ SoB _ 0.3953x0.1 _
Ro = (T]+510+/i]+[1) - 0.75>§ = 0.0525
S.Rp=0.0525< 1
(ii) Similarly, at endemic equilibrium:
- S*p _ 11.03x0.1 _
Ro= (n+51+1i1+u) = g5 = 1.4648

Hence, Rp = 1.4648 > 1
Further, using MATLAB each compartment of the proposed model is compared with the corresponding compartment of
a general SEIR model with quarantine class. Each curve plot exhibits the optimality of the proposed model comparing the

considered SEIQR model. The following are the comparison curves of each class where S*, Ex, I*, O and R* denotes the
compartments of the considered model:

Comparison of Susceptibles curves
100 T T T T T

90 §

80 1t
1

o

60

50 e

40 4
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301
20T a

10 r

PRPPY L L i

L L L
] 2 4 5 8 10 12 14 16 18 20
Time

Fig 1. Comparison of susceptible curves
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Comparison curve of Exposed
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Fig 2. Comparison curve of exposed
Comparison curve of Infected individuals
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Fig 3. Comparison curve of infected individuals
Comparison curve of Quarantined and Hospitalised
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Fig 4. Comparison curve of quarantined and hospitalised
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0 Comparison curve of Recovered Individuals
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Fig 5. Comparison curve of recovered individuals

Curve of Preventive class
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Fig 6. Curve of preventive class

The numerical simulation clearly states that the reproduction number for Case (a) at the disease-free equilibrium justifies
Theorem 1 with the value of 0.0358 which is much lesser value implying that the outbreak is least or doesn’t prevail. Also, at the
endemic equilibrium the value of reproduction number is 1 which proves system (1) is stable. Further, from Figures 1, 2, 3,4, 5
and 6, it is observed that the chance of susceptible individual getting infected is less, comparatively. Also, the exposed and the
infected curve increases initially and it gradually drops down later. Figure 4 treats the hospitalised individuals of the proposed
model and the quarantined individuals of the SEIQR model as relatively same category and hence compared. The recovered
curve inclines and is more appreciable comparing the other model showing the prevention class helps in controlling the disease

spread.

4 Conclusion

Eventually, it is expressed with clarified proofs that the prevention class plays a vital role in reducing the spread of COVID-19.
The simulation performed reveals that maximum 7 among 100 individuals practicing the preventive measures can show a great
variation in reducing the spread of COVID-19. The proposed model can be applied in the real data like case study and the zonal
statistics can be obtained which helps in understanding the spreading nature of the disease. So, many awareness camps must
be conducted regarding this issue. Hence, this article recommends practicing preventive measures helps to control the spread

of COVID-19.
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