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ABSTRACT

In this proposed model SIQRV, we will examine about the impact of vaccination and lockdown on COVID-19.
In December 2019, novel Corona Virus disease was detected in Wuhan, China. Due to the outbreak scenario
throughout the globe, On March 24, 2020, the government of India imposed a total lockdown on the nation and
started the vaccination drive from 16 January 2021 to control the spread of COVID-19. We develop a five-
dimensional mathematical model utilizing nonlinear ordinary differential equations to examine the effects of
vaccination and lockdown on disease dynamics.

This study shows that disease can be vanished only if total lockdown is implemented and everyone is
completely vaccinated otherwise this disease will always be present in the system. However, we can keep this
disease under control by contact tracing, quarantine measures, increasing rate of vaccination and implementing
partial lockdown.

Keywords: System, Contact tracing, COVID-19, Transmission, Equilibrium analysis, Numerical simulation.

I. INTRODUCTION
In a medical institute in Hubei province China, some patients with pneumonia of unknown reasons came to light
in the month of December 2019. A special type of coronavirus was found as the innovatory reason for
pneumonia and it was known as 2019-ncov. WHO termed this disease: COVID-19. Covid-19 has spread in
maximum parts of the world within a very less time. It spreads very fast when an infected person comes into
contact with another person i.e., human to human infection. The outbreak later inflicted more than 200 countries
and the disease was declared a pandemic in March 2020 due to a large number of deaths. Infectious disease
COVID-19 spread due to the movement of infected people from China to other countries. Since no vaccine or
drug for treating the virus was available, China tried to control the outbreak in Wuhan by imposing a lockdown.
A literature report in France (Barnett and Walker, 2008) says that lockdown is powerful because it decreases the
rate of transmission of COVID-19 by 84%. Fraser et al. (Fraser et al.,2004) state: if a large number of infections
are occurring due to asymptomatic cases as in the case of COVID-19, then quarantine becomes an important
measure to control the outbreak. In the next study of SARS, the author states that this outbreak could be
controlled by the isolation of asymptomatic individuals. A study by Chen et al. (Chen et al., 2006) states that we
can control the SARS outbreak by isolating symptomatic patients and lesser contact tracing. The next research
paper by A. S. Bhadauria, R. Pathak, and M. Chaudhary (A. S. Bhadauria, R. Pathak and M. Chaudhary, 2020)
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studied the combined lockdown impact, quarantine, and contact tracing. In the reference of the research paper
from serial number [20] to [29] contains different kinds of mathematical models based on COVID-19, but no
work in the previous mathematical model could study the combined effect of lockdown, quarantine, and contact
tracing and vaccination. We will expand this research paper on our findings.

Our study is dependent on the construction of a mathematical model to control the spread of COVID-19 by
using vaccination with lockdown and observing their impact. The rest of this article is organized as follows: The
proposed model is provided in a mathematical form, and its mathematical analysis was given after that. The
result we got after the numerical simulation of the model is given in the numerical simulation section. Lastly, in
the conclusion, section all results we obtained after that study are given.

II. MATHEMATICAL MODEL
We contemplate a five-dimensional model having susceptible population S(t), infected population I(t),
quarantined population Q(t), recovered population R(t), and vaccinated population V(t). We supposed that the
population is evenly distributed and disease is spreading in the system due to the direct contact with the
susceptible class and infected individual class. Also due to the immigration of individuals the disease spreads in
a susceptible population.

Hence, with immigration, we consider a SIQRV mathematical model. Under the region of consideration at any
time t, we assume that N(t) denotes the total population. It can be obtained by adding the five subpopulations.
The system gate-crashes due to Susceptible population having constant rate 'A' with immigration(1 — 6) m.
Here, m represents the number of migrants, while $theta $ represents the proportion of infected migrants. We
suppose that a quotient of immigrants is infected which is responsible for spreading the virus. In the infected
population, quotient &m is entered directly. Assume that k denotes the rate of contact tracing of the individual
population. Thus, a quotient (1 — k) is culpable for diffusing infection, and the remaining are isolated. To
model the communication between the susceptible and infected class we considered Holling type-Il functional
because it is responsible for that. The natural mortality rate is denoted by p of the population in each class,
a,and a , respectively denote death rates due to disease related to the infected and quarantined population,
whereas 6 ;and 6 , respectively denotes the recovery rate of the infected and quarantined population. Here ¢
denotes the transmission rate of infected to quarantined population. & denotes the vaccination rate of a
recovered person. The vaccination rate of susceptible people who are neither infected nor quarantined is y We
take ¥ as a positive constant. Thus, with this thought as system variables, we considered a five-dimensional
epidemiological model by using susceptible S(t), infected I(t), quarantined Q(t), recovered R(t) and vaccinated
V(t) population.

Figure 1 shows the flow diagram for the SIQRV COVID-19 model.
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Figure 1: The SIQRV COVID-19 model flow diagram

Now,
S =A+(-0)m—pSI—pS—yS+yv, .(2.1)
S = (1= K)BSI+0m — ay] —ul — ol — 8,1, .(2.2)
S = kpSI + ol — a;Q — 4Q - 5,0, (23)
S =61+ 6,0 — uR — ¢R, .(24)
d" = yS + &R — uV — YV, .(2.5)

with the initial condltlons
S(0) >0, 1(0) = 0,Q(0) =0, R(0) > 0 and V(0) = 0.
The parameters are described in Table (1)
Table 1: Table of Description

) .
Vv
v N

Parameter Description

A Recruitment rate

B Rate of infection due to transmission

M Natural death rate

M Number of migrants

C] Infected migrants rate

K Rate of contact tracing

o1 Recovery rate of infected population

Oz Recovery rate of quarantined population

c Rate transmission from infected to quarantined population
o Death rate of infected population due to disease

V) Death rate of quarantined population due to disease

..
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& Vaccinated rate of recovered person
1 A positive constant
Y Vaccination rate of susceptible people who are neither infected nor quarantined

I1l. BOUNDEDNESS OF THE SYSTEM

Now we study the system variable boundaries as it is useful to prove some results by using the lemma given
below. As a natural restriction boundedness of the system can be explicated to an uncertain increment of the
infected population in the system. Due to various constraints either from natural conditions or from
precautionary behavior like vaccination which is used by the population for protection from disease. We must
demonstrate that the system's solutions are bounded in order to confirm the model's biological applicability.

1. Lemma:- Let Q= {(SLQRV):0<N=S+1+Q+R+V < N,}be a field where every
solution attracts which are initiating from the internal part of the positive octant,

Where, N,, =22
Thus, . =A+(A-0m—-BSI—uS—yS+yYV+ A —-k)BSI+60m — a1l —ul —ol — 6,1 +
kBSI + ol —a,Q —uQ —6,Q +6:1 + 6,0 —uR —ER+ yS+ER —ulV —yvV
E—A+m— HES+I+Q+R+V)— oyl —a,Q
ES A—uN +m. ...(3.1)
From comparison principle, it is observed that
Ny, = =7, .32

IV. DYNAMIC MODEL WITHOUT LOCKDOWN

If we consider m # 0 then in this case system (2.1) to (2.5) posses no equilibrium point which is disease free.
It has only pandemic equilibrium point. Hence, in the system if we allowed the immigration of population
which involves some infected people then the disease will never tend toward zero but the spread of disease
can be controlled in the system.

4.1 Equilibrium analysis

If there is no change with respect to time in a state of dynamical system then that point is called equilibrium
point. Hence if a system starts from a point of equilibrium, then state of the system will always persist in
equilibrium. Now our task is to find disease free equilibrium point. Then from equation (2.1) to (2.5), only
pandemic equilibrium point E™ (S™, ™, Q™, R™, V™) exists.

The values of S™, I™, Q™, R™,and V™ are given as

(a1 +u+oc+8)1M-0m

sm =
(1-K)pIm ’

m _ klag+u+8)Im-kOm+ aI™

Q" = (1-k)(az+u+éz) '

m m Sxk(ag+u+8)IM—kOm+ oI™)
RE =% +¢’> [511 (1—k)mm ’

m_ _Y (a1+u+a+6)1m—9m] n [5 ™+ Syk(a+u+8)IM-k6m+ Jlm)]

(u+1p) (1-k)pIm u+d) L1 (1-k)pIm

and I™is given by the root of the quadratic equation (4.1)
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ByI™* + B,I™ — By =0. (40
where the coefficient of the above equation are
Bi=—B(@+u+o+é){u+tyHaz+tu+o+8)w++ i+ v}[vQA-
K)(az+pu +8;) +6,ké(as+pu + s+ +0d(u+$)],
[fA+ A-0m}1-kp - +y)a+pu+o+6)—-0mpPBl[{n + &} (u+
OHaz+ u+6)] +(w+(ay+p +8)y(ag+u+o+ &) —kOm &6, (u+
OB u+v),
and
= {p+83 o+ p+6)(R+OOm(u +y) +yOm (u +8) (az + 1 +6.2).
This shows that the uniqueness of positive equilibrium point E™ exist if and only if

V{B3 + 4B1B,} > B,. ...(4.2)
4.2 Analysis of local stability
In the system's equilibrium state the analysis of local stability at the point of equilibrium shows
discernment into the affect of perturbations. To learn about the epidemic equilibrium's stability point, our
system can be linearize with respect to the random equilibrium points E™ (S™,1™,Q™,R™, V™) and we obtain
the corresponding matrix known as Jacobian matrix that is given by
[bn by, 0O 0 b15]
|b1 bz 0 0 O
Je=|bs1 b3 b3z 0 0|
0 by byz b O J
0 0 0 bsy bss
Where entries of the matrix Jg are given by

by, = =1 — (1 +v), by, = BS, bis =1,
b,y = (1-k)BI, by, = (1—k)B—(ay+u +0 +87), b3y =kpI
bs, = kBS + o, bss = —(az +u +67), bis =6y,
byz =8, by = —(+$), bsy =,
bss = —(u+ ).

Proposition. Equilibrium point E™ (S™, 1™, Q™, R™, V™) of the system (2.1) to (2.5) is locally asymptotically
stableif x; >0, by >0, ¢; >0, d; >0ande; > 0.
Proof:- By dint of Jacobian matrix Jg we notice that the eigen value of E™ (S™,1™,Q™, R™, V™) are given by
the root of the equation
A5+ x 2% + 2,203 + 2342 + x4 + x5 = 0. ...(4.3)
x1 = —(b11 + by + b3z + byy + bss),
X2 = b11bay + D11Day + baybyy + baabsz — by1b3z — byybss + bssbiy + bssbyy + bssbas + bssbag + by,
3 = b11bab3z — b11baobay + bi1basbsz + byobszbay — bssbyiibyy — bssbiibyy — bssbaabay
— bssbyabzz + bssbi1b33 + bssbazbzz — baip,, — ba1bay — baqbss,
X4 = b33b44 - b33b55 - b44b55 - b31b43b54 - b21b42b55,
X5 = b11b22b33b44b55 - b33b4—4b55 - b31b4—3b54—b22 - b31b4—3b54—b33 + b21 b32b44b55'
For local stability we use Routh Hurwitz stability criteria as:-
Now, from above equation we will form Routh Array as shown below
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A° Xo Xy X4
A% X, X3 Xs
23 b, b, O
A? G C
A d, 0
0
A e,
Where,
X1X2—X by x5—0
b, = 1; = c, = 1b5 = xq,
1 1
X1X4—Xs ¢1by—b1c;
b= 25 b=
_ b1x3—b2x1 — dlcz —
Cl - by ' e1 - d, - Cz.

Hence by Routh-Hurwitz criteria the system is said to be locally asymptotically stable if all the element in
the first column are positive it means that there is no change in sign.

ie. x;, >0, b; >0, ¢; >0,d;, >0ande; >0
4.3 Persistence of the model
Now In this part, we will look upon the continuance of system and we will also find the condition by which a
disease can persist in the system. 'Persistence’ defines the long-term survival of each individual.
2.Lemma:- Suppose that (ay +p +0 +6;)> (1 —K)BSpin-The upper Ilimit of population
S,1,Q,R and V is denoted by N,,,. They are always greater than zero. Thus the system of equation (2.1) to (2.5)
persevere.
Proof: According to the equation (2.1)

B> A+0-0m — (BNp +p1 +7)S + PV. ..(44)

then using boundedness and comparison principle, we have

_ {A+ ll’Vmin
Smin - (B Nm +4 +7) ...(4.5)

Thus, S, is always positive.
Now from equation (2.2), we have

L2 om+ {(a +u +0 +6) = (1= Spm}l. ...(4.6)
Again, using boundedness and comparison principle, we have
6m
Inin = . ...(4.7)

(ay+u +o +81)=(1=K)B Smin
with condition (a; +pu +0 +8;) > (1 —K)B Spin -
Thus I,,,;,, always remains positive. From the equation (2.3), we have
aQ

— 2 kB Sminlmin + 0 Lpin — (@2 +u +63) Q. ...(4.8)
By using boundedness and comparison principle, we have
_ kB Sminlmin 10 Imin
Qmin =0, +n 155) ...(49)

Thus Q,,,;,, always remains positive. From the equation (2.4), we have
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dR
— 201 hin + 82 Qmin — (4 + S R. ...(4.10)
Again, using boundedness and comparison principle, we have
6 Imln +6 le‘l’l
Ronin = =0 ..(4.11)
Thus Q,,,;, always remains positive. From the last equation (2.5), we have
dS
>y Smin+ ERpin —(u + P)HV. ...(4.12)
By using boundedness and comparison principle, we have
_ YSmin +& Rin
Vinin = T, ..(4.13)

Hence V,,;, always remains greater than zero.
Hence proved.

V. DYNAMIC MODEL WITH LOCKDOWN EFFECT
Now to understand the behavior of lockdown, consider (2.1) to (2.5) for m=0 in our model. It means exodus of
the population is forcefully prohibited in system.

In that situation, the model can be written as the following system of equation (5.1 ) to (5.5).

§=A—,BSI—ﬂS—VS+¢V: ..(5.1)

S =(1—k)BSI — ayl — pl — ol = &1, .(5.2)
2= kpSI + ol — a;Q — 4Q - 6,0, ..(53)
d_R=511+52Q—MR—fR, ..(5.4)
N yS+ER— Vv —yv, ..(5.5)

having the conditlons that S(0), 1(0),Q(0) ,R(0) and V(0) are positive.
The disease free equilibrium point at initial point S(0), 1(0),Q(0) ,R(0) and V(0)
Then, A-0—-puS —yS+0=0.

Or,

A
5.1 Basic reproduction number
If each individual is susceptible in a population then the basic reproduction number is defined as a threshold
digit that gives a value of secondary infections created by an infected individual class in total infection duration.
We can calculate the basic reproduction number by a process known as the next-generation matrix. We partition

the model into subpart R;and R, then system (5.1) to (5.5) takes the form as :-

X=R,—-R,. . (5.7)
Where,
(1—=k)B SI [ (@+p+o+5)]
k B SI | =01 + (a2 + 1 +62)Q|
R, = 0 , =| —6,1-6,0 +uR+¢R |
0 —yS—ER+uV +yV
—BSI+A uS +yS—yv
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In the case of disease free equilibrium point the infected compartment S,1,Q,R and V.

and

Pvlz[agcl)i] & sz_[amz)l] for 1< i,j < 4.
]
(1-K)B A
I[”” 0 0 o]l
— k
Thus, R, =| ﬁ 0 0 0|]&
l 0 0 0 0|
0 0 0 O
a,+u +o +6; 0 0 0
B = -0 a, +u +94, 0 0
2= —5; —5, u+é 0
0 0 —§  u+s

Here R; > 0 and R, isa matrix whose determinant is not equal to zero (R,)™* > 0 and R, (R,)™! as
non negative matrix; R; (R,)~! is the next generation matrix.

Now,
S 0 0 0
a,+u+o+61
(R2) bsy by = O
b by by o7
Where,
b — -0
217 (@y+p +0 +61)(az +1 +685)’
o 0 6,+61(ay +u+63)
317 (ay+p+o + 81)(az+u +82)(u +8)
by, = %2
327 (aptu +68) (1 +8)
ba. = &lo 62461 (az 1 +63)]
7 (ay+p+a+ 8 (@i +82) (1 +E) (utp)
b — £5,
427 (aptu +62)(u +E ()’
AR
BT (WO wry)
In this case
(1-k)B A
| (u +V)(a;‘;I«f4+0 +61) 00 O]l
Ri(R)™ = |(u +y) (@1 +p +0 + 51) 0 0 0}
0 0 O OJ
0 0 0 O
Then the spectral eigen value of the matrix is
(1-k)B A

T (Ut (agtu+o + 8q) ...(5.8)

As a result, the basic reproduction number is provided by
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(1-Kk)B A
(1 +y)(ar+u +o + 64)

We conclude from the above expression that in disease free state R, is directly proportional to ﬁ which

...(5.9)

0:

denotes susceptible population, (a; + 1 + ¢ + §;) which denotes infection period and g which denotes
transmission rate. It is inversely proportional to the frequency of contact tracing k and with the rate of
vaccination. Thus, by controlling the value of these parameters we can control spread of the disease.

5.2 Sensitivity analysis of basic reproduction number R,

To calculate sensitivity of R, we studied about sensitivity analysis which depends on every parameter of R,,.
Now to control the spread of corona virus, we have to make the value of R, < 1 by controlling the values of
parameter involved in R, . By changing the parameter values we can study about rate of change of R,. It can be
estimated by change in h, where h is a parameter

_ 1 9R
SI[h] = R an

The sensitivity indices that are normalized of the reproduction number regards to parameter k, u, v,
o4, B, o, 8, are given by

SI[K] =‘—"< 1,

u{(a1+u +0 + 81+ +y)}
Sllu] = (u+y)(ai+u +o + 61)

_ v
SI[Y] - uty < 11

<1,

—-aq

Sl[al] - (a1 +p +o +84) <1
SI[B] =1,

-0
Sl[o] = m <1,
SI[8:] = e

(a1+u+0o +61)

After we studies about above mathematical expression we observed that when g is changed slightly R, is very
sensitive on it. If we increase the value of £ it will increase the value of R, and remaining of parameter values
are negative means that R, reduces if k, u, y, a;, B o and &, increase. Thus, the value of R, increases as the
transmission rate of infection increases and decreases with the rate of contact tracing, vaccinated rate of
susceptible population who are neither infected nor quarantined, disease related death rate of quarantined
population, transition rate from infected class to quarantined class, recovery rate of infected class and rate of
natural death of every class of population.

5.3 Analysis of steady-state equilibrium and equilibrium stability
There are two equilibrium points of the System (5.1) to (5.5). The first is known as the disease free
equilibrium point, while the second is known as the pandemic equilibrium point.

Theorem. There is a unique disease free equilibrium point of the SIQRV model (5.1) — (5.5). Eo(ﬁ, 0, 0,

0,0) for each values of parameter. The above considered model has also another equilibrium point which is

unique and known as pandemic equilibrium "E(S, T, Q, R, V). From equation (5.1) to (5.5). we have,
S",’ _ 0_'1+ M+61
- a-wB’
~ _ [klas+p+o+61)+0
Q - [ (a2+u +61)(1—k) ]
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~ 62{k(a1+/.t +0 + 681)+ o}

k= p+é [51 (az+pu +81)(1-k) ’

_ 62{k(a1+u +0 +61)+ 0}
V= +u 4o+ 81— IO + {6, + AT )

-1
2 i 6x{k(ai+u+o + 81)+ o} _ agtputo+é (a1+u +o +681)
I'= [#Hﬂ {u+€ {61 T vo0 k) }} -5 l [(“ s T

P(ay+u +o + 61) _ ]
(u+yPp)(1-K)B
5.4 Analysis of local stability
We have to learn about the consistency of the distinct type of point of equilibrium for this Variational
matrix is as follows:
[¢11 @12 0 0 ass
az1 azz; O 0 0
Je=las1 as; azz 0 0
Ay QA3 Qaq O
lo 0 0 a ac
Where the entries of the matrix are given by

a;; = =B = +v), a;; = BS, a;s =1,
a; = (1-Kk)B1, Az, = A—Kk)B—(ay+u +0 +6,), asz =kpl,
as, = kBS + o, azz =—(a, +u +6,), a =6,
ay3 = 6y, Ags = —(U+3), dsq =&,

ass = —(p+1).

5.4.1 Analysis of local stability in a disease-free equilibrium

From equation (5.1)to (5.5), E, is locally asymptotically stable if x; >0, b; >0, ¢, >0, d; >
0 and e; > 0. It is clear from the previous finding in local stability analysis of pandemic equilibrium point.
5.4.2 Analysis of global stability in a disease-free equilibrium

Axiom :- If R, < 1 in the region R*? of I-Q plane then system of equation (5.1) to (5.5), E, is globally
asymptotically stable.

L= (1-k)BSI — (a1 + p +0 +8)I = fi, ...(5.10)
L= kBSI+0l - (aqr+ 1 +6)Q = f; (5.1
Suppose g(1,Q) = %,
LULQ) = 2(gf) +=(9f2). (5.12)
as g(1,Q) is positive foreach I,Q is positive so, we have
9] ad
L(I,Q) = = 3 [Q(l—k)ﬁs - = (a:1+ u+o +6]1+ aQ[Q(kﬁs +0) — —(a2+ U +63)]
= —E(kﬁ5+a)
<0.
i.e.,
L(I,Q) < 0. ...(5.13)
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Thus, we observed that there is no change in sign of L(I, Q) and also in positive Quadrant of I, Q plane it is not
equal to zero identically. Then in the same plane the criteria of Bendixon-Dulac says that there is no limit cycle.
Therefore, when R, < 1 it is always locally asymptotically stable disease free equilibrium and in (I-Q) plane

which is a part of region R*Zif R, < 1 is globally stable. Biologically this theorem can be explained as, when
R, < 1 system will go under an equilibrium state which is disease free and it does not depend on size of the
agitation or what we choose as the initial point to start it. The above model will always attain an equilibrium
state which is disease free and disease tends toward zero from the system.

VI. NUMERICAL SIMULATION
Now, here we observed about quantitative nature of the above model during the lockdown period and after that
the effect of vaccination to control the spread of COVID-19 in India. Using MATLAB, we defend the analytical
calculations and carry a numerical simulation using mathematical software where once we allow immigration
and once we don't allow the immigration of individuals in the system. The parameter used to perform numerical
simulation is described in Table 2. Some of the parameters are assumed and most of them are taken from the
previous literature.
Without immigration, we found the system's equilibrium points when the government imposed a total
lockdown. Here we discuss the equilibrium points of the system, first one is known as disease-free equilibrium
point (1.3964 x 10°,0,0,0,0) and the second one is endemic equilibrium point (1.3964 x 10%,1.5158 X
10%,2.12212 x 10°,1.75 x 102,1.243 x 10°). We calculate the basic reproduction ratio R, which is equal
to .24. By the above set of parameters, we verified every condition of asymptotic stability whether they are
local or global. The requirement of local equilibrium point stability and model persistence is satisfied by the
above set of parameters. On the infected population, we create population time series graphs. which are infected
and study various parameters. The fluctuation in the graph of the infected population with respect to time and
we observe the nature of the graph by changing the values of the transmission rate of infection which is shown
in Figure 2. Figure 3 shows the impact of the rate of transition from the infected population to the quarantine
population. We observed that by increasing in transition rate there is a decrease in the infected population. This
shows that controlling the number of infected population ¢ plays a significant role and hence, also control the
disease. On the infected population, the influence of contact tracking is shown in Figure 4. From the figure, we
observed that if the number of immigrants increases in the system the number of infected individuals also
increases in the system. Thus here we observe that for keeping the disease under control contact tracing,
quarantine, and complete/partial lockdown play a very important role. If they are absent then the spread of
COVID-19 cases will increase at a very high rate. From figure 5 we observed that as the transmission rate of
infection ' § ' decreases and the rate of vaccination 'y ' increases the infected population decreases very fast
means the disease can be controlled by increasing the rate of vaccination 'y '. Thus vaccination plays a
significant role to control the disease.
The table(2) represents Details of parameters used.

Table 2: Details of the parameter

Parameter Value Reference
A 67302 person per day Mohsen et al. (2020)
B 2.1x 1078 Vega(2020)
U 0.00002 Mandal et al. (2020)
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m 2500 persons Marimuthu et al. (2020)
0 0.9 per day Assumed
k 0.5 per day Assumed
61 0.4 per day Liang (2020)
6, 0.4 per day Liang (2020)
o 0.59 per day Assumed
a 1.78 x 10™° Vega (2020)
a, 1.78 x 1075 Vega (2020)
& 0.90 WHO
Y 1 Assumed
% 0.0002 Assumed
2
%10
E | | | | | | | | |
——pfF=21s107
——pF=21+10"
4 F=214107 ||

N
1

Infected Population It}
[ }
1

2
1

[] I ] ] ] ] ] ] ] l
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Time(t)

Figure 2: Variation in the infective population with transmission rate of infection.
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Figure 3: Outcome of transmission rate 'c* with respect to infective population.
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Figure 4: Outcome of contact tracing 'k’ with respect to infective population.
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Figure 5: Effect of vaccination rate 'y' with decrease in transmission rate of infection ' 8 ' on infective population.

VII. RESULT AND DISCUSSION
In this paper, we represented a non-linear mathematical model to learn about the influence of lockdown and
vaccination on the dispense of COVID-19 which is based on different important precautions accepted by the
Indian government to stop COVID-19 from spreading. The study of the above model is splintered into two
parts; the first one is a complete lockdown state and the second one is a partial lockdown with a vaccination
state. In both cases, we performed a qualitative analysis of the model and we calculate the basic reproduction
ratio with the help of the next-generation matrix approach. We found that equilibrium is disease-free if the basic
reproduction number is smaller than one also It is steady both locally and worldwide. Now pandemic
equilibrium exists if the basic reproduction number is greater than one. The condition of persistence of the
model and local stability of pandemic equilibrium in case of partial lockdown is determined by the vaccination
state. Furthermore, we performed a numerical simulation to justify the analytical findings and draw the graphs.
We found that the infected population increases when the transmission rate of infection rises and also observed
that with the decrease in transmission rate infected population decreases, which means to control the disease we
will have to reduce the rate of transmission. Thus, it is necessary to impose a strict lockdown to reduce the
infection to zero. Moreover, to reduce the basic reproduction number below one we have identified some
significant parameters. The vaccination rate of susceptible people who are neither infected nor quarantined and
the transmission rate of infection is a very important factors to reduce the basic reproduction number to less
than one. As we increase the vaccination rate basic reproduction number decreases very significantly below
one. Thus, to control this disease vaccination is an essential measure accepted by the government. Thus, our
study in this paper shows that for eliminating the disease to zero complete lockdowns are mandatory along with
vaccinating the susceptible population that is neither infected nor quarantined controlling the immigration of
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population density in the system is crucial for disease control. We can not impose a complete lockdown in a
country where population density is very high (E.g. India) for a long time because it affects vaccination and
may create financial issues. Thus lockdown is not the ultimate solution. Therefore, the government should
prioritize additional preventative measures such as controlling the immigration of the infected population in the
country, increasing the contact tracing rate quarantining the infected, and increasing the rate of vaccination. By
doing the above we can control COVID-109.
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