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Abstract: India, being a developing nation, the impact of
Coronavirus - 19 has advanced as a huge crisis on the prosperity,
economy, guidance, organization and for the most part of
progressing region. Being the second most elevated country with
Coronavirus tainted populace on the planet, there is a critical
requirement for the nation to plan the systems to deal with the
circumstance productively. This paper deals with the
investigation of current effect of pandemic over the populace and
how machine learning modelling can be utilized to contemplate
the effect and plan the further technique to deal with the
pandemic circumstance. This paper additionally expects to
introduce an intelligible and exhaustive perspective on
vaccination model and its effect on the Coronavirus pandemic. It
examines the difficulties and proposes a hypothetical system for
immunization dispersion across the populace.
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1. INTRODUCTION

From ancient times, diseases are evidently one of the biggest
threats to the existence of human community. Inspite of
movement of development, urbanization and a lot more
components, which have made the life simpler, there is
consistently a test of confronting flare-up of new diseases in
the general public. These infections once in a while may
provoke immense plague and appallingly in the most negative
situations into pandemics, making a cut sidedness in the
physical and mental prosperity of people, and sometimes
inciting a critical loss of lives. Thusly, the showing of a
horrifying sickness like Coronavirus, which was officially
announced as pandemic by WHO in 2020, is fundamental. This
demonstrating may fill in as an assisting help to assemble a
procedure to manage the pandemic. For a developing nation
like India the impact of this dreadful pandemic is undoubtedly
beyond physical and psychological well-being misfortune. In
this paper, the need of dispersion of the cures over the
pandemic, as far as clinical mindfulness and appropriate
immunization is examined.

There lies a fundamental connection among the networks
and the epidemiology of the diseases which exhibit infection
through direct contacts. (Matt and Ken, 2005; Anderson and
May, 1992). Recent advances in mobile technology and GPS
area have helped extensively to make the progress in this field
feasible and is in constant phase of development. This would
allow the researchers to fabricate full and extensive setups for

new forms of infections, and furthermore to adapt the changing
organization structure even with an extreme scourge, like a flu
epidemic or bioterrorist assault, where the trend behavior might
be drastically not the same as the usual.

In this paper, we have investigated and articulated the
effects of pandemic situation, how the propagation has
affected the population, the way it could be modelled using the
epidemic models and finally we proposed an effective strategy
of vaccination model, which we hope will certainly help the
researchers and pharmaceutical experts to deploy in future in
similar circumstances of epidemics or pandemics.

2. RELATED WORK

The covid -19 analysis is done extensively from very
diverse perspectives, like deep learning (Arora et.al.
2020;Zahidi et al. 2020) analytics (Raturi and Kumar 2018),
artificial intelligence (Chandrashekharan and Kumar 2018;
llyas et al. 2004), relationship analysis (Melin et al. 2020),
sentiment analysis, SVM (Sasubilli et al. 2018), etc. The case
studies based on the immune system, effects of obesity, effects
of other health conditions and other clinical features were
analysed by many researchers (Weng hong Wu et al. 2021;
Nicholich et al. 2020; Luzi and Radaelli, 2020; Bhattacharya et
al. 2020; Patrikar et al. 2020; Ranjan 2020).

3. MACHINE LEARNING METHODOLOGY:
The general methodology to model the covid dataset is
described in figure 1. The model shows the conventional
methodology applied on the dynamic covid dataset.
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Fig. 1 : Machine learning model for COVID-19 Dataset

3.1 Dataset Description:

The dataset is derived real time from the website
(https://api.covid19india.org/) which collects live data and
arranges it statewise. The data considered for the analysis is
from the timeframe of: Feb to first week of May 2021. The
status of the infected population is categorized as: {Deceased,
Hospitalized, Migrated and Recovered}. The dataset size is
107617 rows x 20 columns.
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Fig. 2: statewise data: féb to first week of may 2021
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Fig. 3: Scatterplot of timeline (per day cases) vs total number of cases
Figure 2 and 3 represents the data considered for the
analysis of COVID spread in different states in India. The plot
shows that the state of Maharashtra had highest number of
covid infected cases. The scatterplot clearly exhibits that the
number of infected cases increased exponentially with the time
period.
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Fig. 4: month-wise hospitalization data across the country
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Fig. 5: month-wise data of deceased cases across the country

Figures 4 and 5 shows the month wise data of the
population with the status as Hospitalized and deceased,
respectively, across the country.

3.2 Analysis: Model Fitting
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Fig. 6 : Regression Algorithms: Scatter plots a. Polynomial Regression
(Accuracy=95.96%) b. Support Vector Regression (Accuracy=90.08) c.
Decision Tree Regression (Accuracy= 100%- a clear case of overfitting) d.
Random Forest Regression (Accuracy=98.26%)

It is clearly observed from figure 6 that the number of cases
increased  exponentially.  Different machine learning
algorithms are used to predict the behaviour of the spread of
the disease. This exponential growth is further studied using
epidemic models.
4 EPIDEMIC MODELS

Epidemic models by and large expect that the community of
diffused cases can be separated and labelled into various
blocks which serves as classes, depending upon the phase or
the degree of the infection (Linda and Allen 1994; Anderson
and Britton 2000; Matouk 2020; Kermack and Kendrick 1927),
for example, susceptible (represented by S, the individuals
who are likely to get contaminated), Infectious (I, the
individuals who acquired the contamination and can diffuse
the infection), and the class Recovered(R, the individuals who
recuperated).

IJERTV 121 S030093

www.ijert.org

156

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
Vol. 12 I ssue 03, March-2023

Extra blocks may be utilized to flag some more potential
conditions of people concerning the infection, for example
insusceptible/immune people. This system can be stretched
out to consider vectors, like mosquitoes for maleria, for
infections proliferating through contact with an outer
transporter. Epidemic modelling portrays the dynamical
advancement of the virus interaction inside a populace. To
comprehend the development of the quantity of contaminated
people in the populace as an element of time, it is required to
quantify and understand the characteristics of the fundamental
individual level estimate, that administer the change of people
starting with one compartment then onto the next.

The most straightforward interpretation of epidemic model
thinks about the complete populace in the framework as fixed,
comprising of N people, and disregards some other dynamic
measure (relocations, births, deaths, etc.)

4.1 SIS Model

This is a simple model with two-state compartmentalizations
which exhibits just two potential changes: The first, signified
S — I, happens in the event of infection spread to susceptible
individual after he connects with an individual who has
acquired the infection. The subsequent progress, indicated |
— S, happens in the event of recovery of infected individual
from the disease and gets back to the domain of susceptible
population. This model anticipates that the illness doesn't give
resistance and people may reach to the pool of infected
community recursively, exhibiting a loop S - 1 — S. It
should be noted that under certain conditions, the behavior
may be supported throughout.

4.2. SIR Model

Another fundamental model is exemplary SIR model (Bagal
et al. 2020; Dhanwanth and Ramnathan 2020). In this, the
progress from | to S of the SIS interaction is replaced by I to
R. This occurs in the event of an infected individual
recovering from the illness and anticipates to have gained a
perpetual insusceptibility, i.e. immunity or is eliminated (for
example has died).

Inevitably, the SIR cycle consistently terminates,
when not any more contaminated people are available as
shown in figure 7. The COVID-19 situation in India is
analyzed by many researchers using SIR model. (Jakhar et al.
2020; Deo et al. 2020; Adisak, 2013).
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Fig. 7 : SIR model (beta=1.4247, gamma=0.14286)

4.3 SEIRS Model to model the Infection of COVID-
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Fig. 8: SEIRS Model to showcase the lifecycle of COVID infection
phenomenon

In the figure 8, set S represents a set of Susceptible (S)
individuals who may be exposed (E) to the virus. The infected
individuals may be asymptotic (represented by set A), still
these have the capability to infect other individuals. The
asymptotic set of individuals may recover without any
treatment or sometimes, they may exhibit the symptoms at a
later stage and become a part of set I. The set of individuals
represented by set | are treated variably, as general
hospitalization for mild symptoms where the grade of severity
is less whereas they may be admitted to ICU or may need the
assistance of ventilator depending on the grade of severity.
Few individuals may recover from this stage which are
represented by set R, while some reach the state of deceased,
D. Few cases have also exhibited the behaviour of recurrence.
Hence the individuals belonging to state R also may again
return to the state of S and again may follow the same lifecycle.

This model follows the SEIRS model of epidemic theory.
The SEIRS model (Adisak et al, 2013; Kim et al. 2019;
Engbert, 2020; Berger et al. 2020) is designed in a manner that
handles the situation where recovered individuals are likely to
return to a domain of susceptible community. It should be
noted that, & defines the rate at which community belonging to
recovered domain returns to the susceptible domain maybe in
the event of loss of immunity.

as __ps1

&= n TR
%:UE—WI
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where N=S+E+I+R is the total population [Adisak 2013].

With added vital dynamics, where p and v again represent
the birth and death rates, respectively. To maintain a constant
population, assume that p=v. In steady state dI / dt=0.
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4.4 Model based on Exact Markov chain Model:

For a connected network G (V, N) having an adjacency matrix
A, let V represent the number of nodes, and N the set of
directly connected nodes of node | (neighbours). The state of
node i at time instant t, denoted by Si(t), can take one of the
following values: 0 for Susceptible entities, 1 for Exposed
entities, 2 for the Infected entities, and 3 for Recovered ones.
i.e. Si(t) € {0,1, 2,3}

Fig. 9: State diagram of SEIR model, and the transition rates

v
~

Figure 9 depicts four states and the respective transitions,
B: denotes factor representing the transmissions per S-1 contact
per time, o: denotes factor representing rate of transformation,
v: denotes the factor representing rate of recovery, &: denotes
the factor representing the rate of re-susceptibility. It is
significant to note that this is equal to inverse of temporary
immunity period and is 0 if permanent immunity, pl: denotes
the factor representing rate of mortality caused by the infection.
The state of whole network at time t, can be represented in
general as:

S(t) = (Si(), ..., Sn(t)) € {0, 1,2,3}n

Additionally, according to the assumption that the next
state is independent of the current state, the 4n x 4n state
transition matrix (denoted by T) of the Markov chain (Ruhi and
Hassibi 2015), will have the elements of the form:

Txy=P {S(t+1)=Y[S(t) =X}

=T, P {Sit+ ) =Y;| S(t)=X}
4.5 Vaccination Model:

In this section it is shown that, it is possible to exhibit the
effect of vaccination by incorporating direct immunization into
the model. This can directly lead to a new transition straight
from S to R as 0. Alternatively, it can be stated that the
transition from state S to state R is also possible as depicted in
figure 10.

]

B ¢ Y l
i 0

Fig. 10: State diagram of SEIRS- Vaccination model

This type of epidemic model is termed as SIV (Susceptible
Infected-Vaccinated), and it is extensively used for modelling
estimations on populations.

5. WORKING MODEL FOR VACCINATION FOR
COVID:

The vaccination for COVID-19 can be modelled as shown

in figure 11.
— Susceptible
lﬁ population

Vaccinated at Not vaccinated
time t

RO<1 | RO>1

| |

‘ Positive effect ‘ ‘ No effect }

Herd Immunity

Fig. 11: Vaccination Model for COVID-19

Here, it is shown that the entire susceptible population is not
vaccinated at once, but in batches. It is necessary to model the
scheduling of these batches in a proper manner to ensure that
the maximum population gets benefited from the vaccination
drives. In compartmental models for the transmission of
transferable sicknesses there is typically a fundamental
conceptive number RO, addressing the mean number of
auxiliary diseases brought about by a solitary infective
brought into a susceptible populace. In the event that RO < 1,
there is an illness free balance which is asymptotically steady,
and the disease ceases to exist. On the off chance that RO > 1,
the standard circumstance is that there is an endemic balance
which is asymptotically steady, and the contamination
endures. If there should arise an occurrence of no impact, the
populace again gets included in the set of susceptible
individuals.

6. PROPOSED FRAMEWORK:

In section 3.2, the monthwise analytics of infected rate is
shown. It is already discussed that the growth is exponential
in nature. Keeling and Matt, (2008) coined the term Herd
Immunity. It denotes the interaction where “the risk of
infection for the community decreases gradually and
eventually, as every person getting vaccinated.” Alternatively,
Herd insusceptibility occurs in the event when nearly
everybody acquires the infection. Also, there are adequate
group of individuals who remained uninfected (Johnson and
McQuarrie, 2009). One primary motive behind immunization
is to drive the population resistant to the sickness i.e. to build
a herd immunity and simultaneously having the measure of
contaminated individuals to be minuscule. The threshold for
Herd Immunity represented by (Hi) can be viewed as the
extent of the population that should be guarded, which will
ultimately aid to control transmission of an infection, for
example BR equivalent to one. The condition stated by
Diekmann and Heesterbeek (2000) to sort the threshold for
Herd Immunity is represented as, Hi = (1-(1/BR))

As the result of increase in the quantum of immunizations,
the group resistance limit also tends to elevate. By diminishing
the measure of susceptible individuals, the herd immunity
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threshold diminishes (Diekmann and Heesterbeek, 2000;
Kemp et al. 2003; More and Lingam, 2019). For this it is
proposed that the vaccination should follow the greedy
approach which will lead to submodular optimization. The
proposed approach is articulated from the concept of influence
maximization where the best target nodes which can carry the
influence to maximum number of nodes in a given network
are selected.

Postulate 1: Given a graph G, a set of initially infected

nodes B, and a budget k, find a set of nodes S € V to vaccinate,
such that |S| < k, and the population saved is maximized.
The decision has to be taken clearly that the node which has
maximum influence i.e. is connected to maximum number of
nodes have to be vaccinated earlier than the other nodes of
population. For finding such a node S, Kempe’s greedy
algorithm (Kemp et al. 2003) can be used.

Input: G, k, om(S)

Output: seed set S, 6

1.S—4¢

2. while |S| <k do

3. U «— argmax w € V=S (om(S + w)—om(S));
4. S « Su{u}

Here, the algorithm converges and iteratively picks a node that
provides the maximum infection spread. Alternatively, it can
be stated that, the largest marginal gain om (S+w) — om (S)
with respect to the total expected infection spread of the seed
set in context i.e. S. This ultimately ensures the compliance of
submodularity and monotonicity.

6.1 Impact of social distancing on the overall model:

Postulate 2 : If the rate of transmissions per S-1 contact per
time decreases, then the time required for overall transmission
of the disease to the next set of population also decreases.

Proof:

In the SI model, the number of susceptible individuals
decreases monotonically, that is Sn+1 < Sn, for all n. It is also
obvious that the number of infected individuals increases
monotonically, i.e., In+1 > In, for all n. . Ultimately, in SEIRS,
if rate of susceptible individuals decreases then the rate of
infected individuals will decrease monotonically. One of the
solutions is reducing the social contact. This is observed and
is proven as an effective methodology in (Sutton 2014; Singh
and Adhikari 2020; Das, 2020; Hazem et al. 2020; Feng et al.
2020; Goswami et al. 2020).

Similarly, according to the property of SI model, the
number of susceptible individuals is never negative, Sn >0,
and the number of infected individuals is never more than the
total population size, In<N (Kemp et al. 2003; More and
Lingam, 2019).

Ultimately this leads to conclusion that - If the rate of
transmissions per S-1 contact per time decreases, then the time
required for overall transmission of the disease to the next set
of population also decreases.

7. CONCLUSIONS:

The COVID-19 situation has become a major issue of concern
globally. The virus is creating impacts in the normal routine
of the population. Many have lost their lives. The virus has
created physical, mental and economic impact on the society
at a great extent. Many researchers are analysing different
factors and situations, to put forth theory to model and predict
the behaviour of the virus. Here in this paper, a systematic way
of analysing the COVID-19 situation in India is presented.
Different machine learning models are used to represent the
data. It is undoubtedly showing an exponential growth. This
leads to a necessity to analyse and study the spread of the
virus. Eventually, different epidemic models are presented to
show the behaviour of the virus spread in various ways. The
paper has its contribution in presenting a vaccination model
and analysing the way outs of how the spread can be controlled
in a systematic manner. It is proposed that the greedy approach
and exploiting submodular optimization, to maximize the set
of safe population, can eventually help to drive the vaccination
campaign more successful. For this, the individuals who have
maximum reach or connectivity to the rest of the population,
should be prioritized for vaccination. With the advent of new
variants and the behaviour of these variants, the researchers
have a scope to analyse challenge of dealing with new issues.
Over the period of time, it has been proved that the proper
deployment of vaccination model is certainly very significant
and effective to control the epidemics and pandemics.
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