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Abstract
The COVID-19 pandemic, caused by the Corona Virus Disease 2019, had a global 

impact with over 71 million infections and more than 1 million deaths by December 31, 
2020[1]. To categorize Indian States/Union Territories (UTs) according to their COVID-19 
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statistics, we utilized hierarchical clustering analysis. This method groups the data based on 
their similarities, considering confirmed, recovered cases and COVID-19 related deaths. The 
results were presented in the form of informative tables and graphs, which can be valuable 
in devising strategies to prevent the further spread of the virus.

Subject Classification:  62P10.

Keywords: COVID-19, Data mining, Cluster analysis & Infected states.

1.  Introduction

COVID-19 (Coronavirus disease 2019) was first identified in Wuhan, 
China, in December 2019. Since its initial detection, the virus has rapidly 
spread worldwide, prompting the World Health Organization (WHO) to 
officially declare it a pandemic outbreak on March 11th, 2020. COVID-19 
is an infectious disease caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) whose symptomatic cases include fever, 
cough, fatigue, and shortness of breath [2, 3]. The severity of the disease 
has led many countries to implement a range of preventive measures. 
These measures include strict lockdowns, quarantine protocols, screening 
tests, practicing social distancing, wearing masks, and promoting hand 
sanitization, among others. As of May 5, 2021, the worldwide tally of 
confirmed COVID-19 cases and deaths stood at 20,282,833 and 222,408, 
respectively. The pandemic has had a profound impact on people’s lives 
and the global economy [3], causing significant disruptions. In India the 
first person reported from the state of Kerala in January 2020 and according 
to his travel history, he returned from Wuhan, China. Subsequently, there 
has been a notable surge in the number of cases and deaths across various 
states in India.

The cumulative Covid-19 infection tally has now reached 22,992,517 
and the death toll to 249,992. Currently, India has 3,715,221 active 
COVID-19 cases, which make up 16.53% of the total cases. A significant 
number of 19,027,304 patients have been successfully discharged after 
receiving treatment for Covid-19. According to official data, the national 
recovery rate stands at 82.39%, while the mortality rate is 1.09%. Notably, 
approximately half of the total cases and deaths in the country have been 
reported in Maharashtra, Karnataka, Kerala, Uttar Pradesh, Tamil Nadu, 
Delhi, and West Bengal. India’s COVID-19 situation has significant 
regional and global implications. The nation accounts for over 90% of both 
cases and deaths in the South Asian region, and within the past month, it 
represents 46% of global cases and 25% of global deaths [3]. Data mining 
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aims to discover non-trivial and concealed patterns, extracting valuable 
knowledge from various types of data. Cluster analysis is the most 
important method of the Data Mining to identifying the groups of 
observation that is organized and separated from other groups. Cluster 
analysis has been increased recently due to the emergence of several new 
areas of applications [4]. Many research has studied the COVID-19 
pandemic at the country, state, city, or district level [5, 6, 7, 8, 9] using the 
Susceptible–Exposed–Infected–Removed (SEIR) model [10], or time series 
and stochastic models [11, 12], which could capture the dynamics of an 
infectious disease such as COVID-19.Diverse statistical approaches have 
been employed to identify the occurrence of Covid-19 cases and assess its 
associated risk factors, but very few studies adopted the data mining 
techniques for classifying the cases according to severity of pandemic with 
different states. Data mining techniques was used in classification and 
clustering of gene expression dataset and supervise and unsupervised 
methods that used recently to classify gene expression for the purpose of 
diagnosis and prognosis of terrifying diseases [13]. In this study, we 
conducted a cluster analysis on the states/Union Territories of India, 
utilizing variables such as the number of confirmed cases, the number of 
cured/recovered individuals, and the number of COVID-19 related 
deaths. Through the application of the Hierarchical Clustering method, 
we endeavored to categorize various states in India based on the severity 
of COVID-19 cases. This classification can prove beneficial in enhancing 
government policies, decision-making processes, medical facilities, and 
treatment protocols. Additionally, it aids in comprehending the gravity of 
the novel coronavirus (COVID-19) spread. The insights gained from this 
study can contribute to mitigating the number of cases and deaths among 
individuals affected by Covid-19. The rest of the paper organized as 
follows, Methodology, results and discussion and finally conclusion of the 
results. 

2.  Methodology 

Data pertaining to COVID-19, spanning from January 30, 2020, to 
May 5, 2021, was collected from the website “www.covid19india.org”. The 
dataset encompassed information from 34 states affected by COVID-19, 
namely Tamil Nadu, Puducherry, Telangana, Karnataka, Kerala, Tripura, 
Uttar Pradesh, and West Bengal. Andhra Pradesh, Arunachal Pradesh, 
Assam, Bihar, Chandigarh, Chhattisgarh, Dadra and Nagar Haveli, 
Andaman and Nicobar Islands, Goa, Daman/Diu, Delhi, Gujarat, 
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Haryana, Lakshadweep, Madhya Pradesh, Maharashtra, Manipur, 
Meghalaya, Mizoram, Nagaland, Odisha, Punjab, Rajasthan, Sikkim, 
Himachal Pradesh, Jammu and Kashmir, Jharkhand, Ladakh. The dataset 
comprised the total number of confirmed cases, the total number of cured/
discharged cases, the total number of deaths, and the total number of 
active cases for each state.

2.1 Hierarchical Clustering analysis

The process of hierarchical clustering analysis involves initially 
forming an initial partition of m clusters and then gradually reducing the 
number of clusters one by one until all m observations are ultimately 
consolidated into a single cluster. Three distinct similarity measures, 
namely single linkage, complete linkage, and average linkage, are 
employed to identify similar groups. For this paper, the average linkage 
method was utilized to identify and form the clusters.

Hierarchical clustering is a significant clustering method that involves 
recursively agglomerating or splitting the data, resulting in a nested class 
hierarchy or class pedigree. This approach is instrumental in organizing 
and structuring the data into meaningful clusters. Hierarchical clustering 
methods works by grouping data object into a tree of cluster. It could be 
further classified into “agglomerative” grouping small clusters from large, 
and “divisive” splitting big clusters into small ones, depending on whether 
the hierarchical decomposition is formed in a bottom up or down up 
fashion. Both agglomerative and divisive methods yield results that can be 
visualized using a dendrogram. These methods offer the advantage of 
detecting clusters of various shapes and obtaining multi-level structures 
of clustering with different sizes. Agglomerative hierarchical clustering 
algorithms, in particular, exhibit high clustering quality as they align well 
with the inherent characteristics of the data

In this paper, Covid-19 datasets are classified using hierarchical 
clustering methods. The average linkage method is employed to identify 
clusters among the states/union territories. This method utilizes the 
Euclidean distance as the primary measure of similarity

1.	� Begin with N clusters, each containing a single entity, and create an 
NxN symmetric matrix of distances (or similarities).

2.	� Explore the distance matrix to find the nearest (most similar) pair of 
clusters, denoted as U and V, with a distance of “d”.
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3.	� Merge clusters U and V to form a new cluster (UV). Update the 
distance matrix by (a) removing the rows and columns corresponding 
to clusters U and V, and (b) adding a row and column that represent 
the distance between cluster (UV) and the remaining clusters.

4. 	� Repeat steps 2 and 3 a total of N-1 times until all objects are in a single 
cluster. Keep track of the merged clusters and the levels (distances or 
similarities) at which the merges occur.

The dendrograms of cluster analysis calculated based on all the 
variables separately for the confirmed cases, recovered cases, deaths and 
tests are given in the Figure 5-9. 

Average Linkage

Average linkage clustering involves calculating the distance between 
two clusters as the average distance between objects from the first cluster 
and objects from the second cluster. The algorithm follows the general 
agglomerative approach, where we initially identify the most similar 
objects, such as U and V, from the distance matrix { }.ijD d=  These objects 
are then merged to create the cluster (UV). During step 3 of the general 
agglomerative algorithm, the distances between cluster (UV) and any 
other cluster, such as W, are determined by calculating their respective 
average distances.

( )
( )

ik
i k

UV W
UV W

d
d

N N

∑∑
=

The distance between object “i” in cluster (UV) and object “k” in 
cluster W is denoted by ,ikd  where ( ) andUV WN N  are represent the number 
of items in cluster (UV) and cluster W, respectively.

Euclidean distance measure

Euclidean distance is most widely used measure of similarity when 
trying to groups among multivariate patterns (Johnson and Wichen 
(1982)). The Euclidean distance d of x1 and x2 is given below

2 2 2
1 2 11 12 12 22 1 2( , ) ( ) ( ) .... ( )p pd x x x x x x x x= − + − + + −

The popularity of this method stems from its intuitive appeal as a 
similarity measure. The similar observations are expected to be grouped 
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together in relatively small clusters, while dissimilar observations are 
separated by relatively larger clusters.

4.  Results and Discussions

Data pertaining to COVID-19 in India was collected from January 30, 
2020, to May 5, 2021, from Kaggle.com’s open-source database. The dataset 
covered all states and Union territories of India and included information 
on the total number of confirmed cases, total number of cured/recovered 
cases, and total number of deaths. As of May 5, 2020, total number of 
confirmed was 15855124, total number of recovered was 12840577, total 
number of deaths was 154515 and the total number of tests was 287105662. 
The summary statistics of confirmed cases, recovered cases, active cases 
and deaths are given in the Table 1. Figure 1, 2 and 3 clearly shows there 
are four groups of states such as Maharashtra, Karnataka, Kerala, Andhra 
Pradesh, Tamil Nadu, Delhi, Uttar Pradesh and West Bengal were highly 
affected. Whereas, the remaining states the affected were less than the 
above-mentioned states. During the data analysis, we did not remove 
outlier values in the data because these could give the worst affected states 
in the country. Also, this could be useful for the health department and 
decision makers for controlling spread of the disease. Figure 1,2 3, and 4 
shows the top 15 highly affected states in India, these shows Maharashtra 
is severely affected, followed by Andra Pradesh, Karnataka, Tamil Nadu, 
Kerala, Delhi, West Bengal, Odisha, Telangana, Bihar, Assam, Rajasthan, 
Chhattisgarh and Gujarat. 

Figure 1
No. of confirmed cases

Figure 2
No. of recovered cases
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Figure 3
No. of deaths

Figure 4
Top 15 states in India (confirmed cases)

 

Figure 5
Top 15 states in India (recovered 

cases)

Figure 6
Top 15 states in India (Active cases)

Figure 7
Top 15 states in India (deaths)

Figure 8
Tree Plot
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Figure 9
Dendrogram –(a) number of confirmed cases, (b) cured, (c)deaths 

Table 1
Clusters

Initial 
Stage

Combined Cluster
Coefficients

First Appears - Cluster 
Stage Next 

Stage
1st Cluster 2nd Cluster 1st Cluster 2nd Cluster

1 18 29 0 0 0 6
2 8 19 4 0 0 4
3 1 3 121 0 0 8

Contd...
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4 8 23 145 2 0 8
5 21 32 729 0 0 13
6 18 22 1156 1 0 7
7 18 24 2497.333 6 0 14
8 1 8 3143.167 3 4 14
9 4 10 3364 0 0 17

10 14 31 4761 0 0 18
11 12 28 7569 0 0 25
12 5 34 7921 0 0 16
13 6 21 11738.5 0 5 19
14 1 18 15616.2 8 7 19
15 7 27 25600 0 0 28
16 5 15 56970.5 12 0 23
17 4 13 61357 9 0 22
18 14 25 113750.5 10 0 23
19 1 6 138028.9 14 13 26
20 17 20 245025 0 0 25
21 2 11 260100 0 0 28
22 4 26 374008.7 17 0 26
23 5 14 485571.1 16 18 29
24 30 33 662596 0 0 30
25 12 17 933637.5 11 20 31
26 1 4 1447969 19 22 29
27 9 16 1473796 0 0 32
28 2 7 2415386 21 15 31
29 1 5 5487679 26 23 33
30 30 35 6222170 24 0 32
31 2 12 13194510 28 25 33
32 9 30 15964882 27 30 34
33 1 2 40364809 29 31 34
34 1 9 16300000 33 32 0

Conclusion 

This study utilized cluster analysis to categorize Indian states/Union 
Territories according to the severity of COVID-19 infections and mortality. 
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The hierarchical cluster analysis grouped states and UTs into two clusters 
based on Covid-19 confirmed, recovered, and death cases. Cluster I 
demonstrated a need for increased monitoring, including measures like 
screening, closures, curfews, lockdowns, evacuations, and legal actions. 
These findings are useful for the government, public health department, 
policymakers, and other stakeholders involved in combating the Covid-19 
pandemic.
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