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Abstract

Accurate forecast for the public is more important to many organisations especially health organisations on infectious disease
dynamics that prevails in prevention or decrease in disease transmission. With multiple data availability in healthcare and
medical sectors, precise analysis of such data helps in disease detection and better health care of all individuals. With the
existing computational power and big data, there are more chances in predicting an epidemic outbreak. The basic idea of this
paper is to analyse and predict the spread of epidemic diseases mainly on the focus on infection risk. A machine learning
model using Multivariate Logistic Regression on Modified SEIR has to be built to predict the epidemic disease dynamics

on the infection risk.
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Introduction

Over the last few days, an ongoing global effort has been
driving advances in setting up a global communication net-
work to tackle pandemics of emerging and reemerging infec-
tious diseases. Mathematical modelling plays very essential
role at forecasting, examining and analyzing future infec-
tions. The research on the study of controlling and modelling
epidemic infectious disease dynamics are the major chal-
lenges in the current scenario.

This article is part of the topical collection “Intelligent Systems”
guest edited by Geetha Ganesan, Lalit Garg, Renu Dhir, Vijay
Kumar and Manik Sharma.
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The proposal leads to a study on effective modelling using
identified machine learning algorithms for implementing for
the betterment of society in predicting the infection risk of
the disease.

Methodologies for Mathematical Modelling
in Epidemics

Major three models used in ongoing epidemics are

I. Statistical methods for tracking outbreaks and for
recognizing specific disease spatial patterns
II. Mathematical models for predicting the current epi-
demic spread within the context of Stat e-space simu-
lations,
III. To predict current epidemic growth and using
Machine learning or expert methods.

Machine learning has proven useful in several areas of
risk prediction. It has major focus on infection risk, severity
risk and outcome risk. Most of the infection risk is find-
ing the chance of having COVID-19 for a particular person
or a group. The risk also considers the medical treatment
being unsuccessful for a particular person or group and how
liable they die [7]. Based on the above risk stated, machine
learning has several techniques like Naive Bayes, SVM, and
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Neural network, random for prediction of epidemic diseases.
Early evidence suggests that age, pre-existing conditions,
hygiene practices in general, social behaviours, the number
of human interactions, and the occurrence of contacts, socio-
economic status, location, and climate are the key threat
factors that determine whether an individual will contract
COVID-19.

For instance, many authors have used technology master-
ing to build a preliminary COVID-19 vulnerability Index.
Prevention steps like masking, hand washing and social
distancing are also likely to reduce the overall risk. When
more and more advanced information becomes accessible,
and findings are provided by ongoing studies, there evolves
additional realistic system mastering applications to predict
the risk of infection. Many people undergo the strongest
mild symptoms, even though others acquire severe disease
on lungs or Acute Respiratory Distress Syndrome (ARDS)
[3] that is without doubt deadly. Treatment and monitoring
are not possible to anyone closely with minor signs and indi-
cations, so if more serious signs and symptoms are likely to
occur it is much easier to start care early.

Predicting the procedure’s result is an extension of the
intensity prediction, which is also just a count of forecast-
ing lifestyles and death. Obviously, with other symptoms, it
is helpful to know what the chances a patient will survive.
Even at this stage, it is important to remember that not all
infected people are treated equally inside. If we can foresee
the results of various care approaches, doctors will be able
to deal with infected patients more effectively.

Scientists have also used tools that gain knowledge of
predicting cancer immunotherapy responses. Nonetheless,
because solution options for COVID-19 are emerging, par-
ticular treatments are being studied to predict outcomes.
Additionally, outcome prediction remains an important
aspect of hazard assessment, operating in tandem with the
pollution and intensity predictions mentioned above.

The above Fig. 1, shows the framework of any machine
learning model for prediction. A machine learning version
is better able to test method on a scale. By translating the
content material of public interactions on social media, a

Data Set |:> Feature selection
Prediction <:I Machine learning
Evaluation

Fig. 1 Framework of Machine Learning model
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device-learning model assesses the risk of novel virus infec-
tion. The model may not be capable of classifying human
beings on a character basis, even then, both of these docu-
ments may be used to monitor the pandemic's spread in real
time and predict it in the coming weeks. Predicting the threat
of recent pandemics and predicting correctly whether or not
a coronavirus would move from one person to another will
help doctors and health practitioners foresee pandemics of
potential and bring together accordingly. The origin of coro-
navirus has not yet identified accurately. The researchers
still undergo lot of studies on several aspects on the origin
of COVID-19 and trying hard to justify their findings. While
further research is needed to establish a forecast for direct
transmission, knowing which influences are most likely to
make a leap is a significant first step in pandemic prepara-
tion [8].

Mathematical Modelling Using Multivariate
Logistic Regression Analysis and Modified
SEIR Model

Initial prediction of infectious disease modelling is very
important need for future analysis. The logistic model is
used primarily in the field of epidemiology. Exploring the
risk factors of a certain disease is normal, and predicting
the probability of a certain disease occurring according
to the risk factors. By logistic regression analysis, we can
roughly predict the development and transmission law of
epidemiology.

Multivariate logistic regression analysis is an addition of
two or more (i.e., simple) regression in which two or more
solitary variables (Xi) are taken into concern at the same
time to predict a value of a reliant variable (Y) for each
subject [6]. The dependent variable is dichotomized or cat-
egorical (i.e., multinomial or ordinal) variable when apply-
ing logistic regression models.

For example, data are derived from checked assets like
John Hopkins University [4], WHO and Ding Xiang Yuan,
a website approved through the use of the Chinese govern-
ment. In addition to recovered cases, the recorded sites
showed COVID-19 cases, and deaths for affected foreign
locations and areas Computer getting to know has confirmed
to be useful in predicting risks in many regions. Infection
risk: How likely is it that a character or entity would contract
COVID-19? Severity chance: How likely is it that a specific
person or organisation will experience serious COVID-
19 signs and symptoms or complications that will neces-
sitate hospitalisation or intensive care? Risk of outcome:
What are the chances that a particular strategy would be
unsuccessful for a specific person or organisation, and how
likely they are to die as a result? Age, pre-existing condi-
tions, general hygiene patterns, social behaviours, number
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of human contacts, frequency of contacts, socio-economic
status, location, and climate, for example, may all be con-
sidered significant factors, using this dataset to estimate risk
(odds ratios) of COVID-19. The general form of multivariate
logistic regression model can be given as,

exp (b + b, X, +byXy + - +b,X,)
T Lexp (by+ by X, +byX, + - +5,X,)

ey

The probability of the outcome given in the above Eq. (1)
is present and coded as 1 or 0, X, to X), are distinct independ-
ent variables with respect to the parameters that is needed to
identify the probability outcome of the Susceptible and all
the probability of the Exposed, Infected and Removed are
also considered, respectively; and b, to b, are the regression
coefficients. The multiple logistic regression model is often
written in a different way. The outcome is the predicted log
of the chances that the outcome will be present in the form
below. To forecast the outbreak using a multivariate logistic
regression model, all variables pertaining to the outcome for
Susceptible-Exposed-Infected-Removed (SEIR) are taken
into account.

The above models provided in the Egs. (2) to (4) have to
be studied to identify the correctness of the prediction.

where S(t): The number of susceptible people in a
province.

E(t): The number of exposed people (in a province).

I(t): The number of infected people in a province.

R(t): The number of the recovery or death (in a province).
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Conclusion

As per the result of this study, implementation on the pre-
diction of the epidemic disease dynamics on the infection
risk would be accurately achieved using multivariate logistic

regression model over modified SEIR could be achieved.
The study would also further enhance on the implementation
of the work on data analytics tool to achieve better accuracy.
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