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Abstract The novel coronavirus disease 2019 (COVID-

19) pandemic disaster has been ongoing worldwide and so

far in India for more than a year now. World Health

Organization declared the COVID-19 as a pandemic in

March 2020. The word “pandemic” is used as a worldwide

spread of any new disease. The disease had affected more

than 200 countries around the world. The present study

seeks to assess the anti-pandemic measures taken by states

and union territories (UTs) of India. In this regard, COVID-

19 Performance Index (CPI) has been developed on the

basis of aggregate and per capita confirmed cases, deaths

and tests of COVID-19. It gives an instrument to compare

the regions of India on their efforts to handle the pandemic.

Using CPI, the states and UTs of India have been spatially

assessed. Economic and demographic factors which are

responsible for the transmission of coronavirus disease

have taken into consideration for the spatial assessment of

the performance of states and UTs. From results we found

that, the average CPI across all states and UTs of India

excluding Lakshadweep is 52.69 CPI for 21 states and UTs

out of 35 are below the average CPI. The correlation test

between CPI and Per Capita Net State Domestic Product

(PCNSDP) and size of population were performed and

these are statistically significant. Findings are pointing out

that, there is need for serious attention in populous and

economic developed states and UTs of India.

Keywords COVID-19 performance index · Economic and

demographic factors · India · Pandemic · Spatial

1 Introduction

COVID-19 pandemic has adversely affected on health,

economy and mobility of millions of people in the world.

The virus has been named Severe Acute Respiratory Syn-

drome coronavirus 2 (SARS-COV-2) and the disease is

called as COVID-19. Coronavirus has been derived its

name from Latin word “corona” meaning crown. It is

newly discovered and is a group of related RNA viruses

that mainly cause diseases in mammals and birds. In

humans, these viruses cause respiratory tract infections that

can range from mild to lethal. Mild illnesses include some

cases of the common cold while more lethal varieties can

cause SARS-COV, Middle East Respiratory Syndrome

coronavirus (MERS-COV), and COVID-19. Coronavirus

outbreak became known on December 31, 2019 when

China informed the World Health Organisation (WHO)

about few unknown caused cases of pneumonia in Wuhan

City of Hubei Province. On March 11, 2020 WHO declared

COVID-19 as a pandemic [1]. In the initial weeks of the

pandemic situation, India faced a serious threat of COVID-

19 outbreak and considering the high risk of infections and

deaths, Indian government and local administrative put

several anti-pandemic preventive measures like prohibition

on transportation, personal hygiene measures, physical
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distancing, time to time nationwide strict lockdown,

boosting of health infrastructure and large media campaign

which further helped in mitigating the spread of the pan-

demic in the country [2].

In India, this pandemic has adversely affected on mental

health, economy and mobility of people. Due to the

immediate and timely actions taken by the governments,

India’s case fatality rate was initially among the lowest in

the world and steadily declining. The probability of

transmission is more in the highly urbanised regions due to

high density of population, mobility and economic activi-

ties. Although several factors may play a key role in the

spread of COVID-19, hence in the present study few

important economic and demographic parameters have

been considered to develop the COVID-19 Performance

Index (CPI). The CPI is a quantitative measurement of the

efforts made by a particular region to handle the pandemic

situation, which reflects the states and UTs responsiveness

towards the pandemic. CPI is an index between 0 (poor)

and 100 (best), and it gives an instrument to compare the

regions on their efforts to handle the pandemic. More

number of confirmed cases, deaths in a particular region

shows the poor performance to handle the pandemic. More

tests are not only help to trace and treat the people but also

helps to control the spread of infection. All these param-

eters are used to calculate the index. The size of CPI is

positively related to the performance of the region. We

have considered three independent groups of CPI i.e. poor

(\25), moderate (25–75) and good performance ([75).

The Lowy institute Sidney, Australia, has studied

approximately 98 countries CPI [3]. The detailed geo-

graphical area-wise analysis of coronavirus disease of

China country was provided by Yu et. al. [4]. They con-

sidered three independent strata of China such as: Wuhan,

Hubei excluding Wuhan and China excluding Hubei. The

collected cumulative numbers of confirmed cases of

COVID-19 from respective Municipal health commissions

and National Health Commissions were analyzed using

second derivative approach. Using this method they predict

the trend of COVID-19 across these strata. Regression

model for assessing the impact of globalization for Pune

city was developed by Kshirsagar and Kurade [5]. In which

they used Pearson’s correlation test, to identify statistically

significant parameters. Duan et. al. [6] measured the vul-

nerability of coronavirus disease using Fragile States

Index. It is a measure of vulnerability to COVID-19 pan-

demic situation, which reflects a country’s responsiveness

towards the dangerous events. Using R-software they

developed a novel multiple regression model with total FSI

score as a response variable and 12 predictors. Four dif-

ferent indicators such as: cohesion, economic, political, and

social and cross cutting indicators from 146 countries

across 6 WHO regions were analyzed using one way

analysis of variance (ANOVA) technique.

The basic fundamentals of COVID-19 were provided by

Lamberghini and Testai [7]. They highlighted on various

component of COVID-19 disease such as, viral cycle,

structure, epidemiology, transmission, timeline, pathogen-

esis, diagnosis and treatment. The chest CT findings of 51

confirmed COVID-19 cases across 16 to 76 years from

China were analyzed using Stata software by Song et. al.

[8]. A detailed review of COVID-19 disease since its

inception was done by Yuki et. al. [9]. In this review

COVID-19 patients were classified across mild, moderate,

severe and critical asymptomatic groups. Costantini and

Mazzotti [10] provided COVID-19 Peritraumatic Distress

Index (CPDI) for Italy. This refers to anxiety, depression,

specific phobias, cognitive change, avoidance and com-

pulsive behaviour, physical symptoms and loss of social

functioning among the confirmed cases of COVID-19.

They classified the distress index whose ranges from 0 to

100 into three different groups such as, no distress if

score\28, mild to moderate distress if score between 28

and 51 and severe distress if score[51.

Salisu and Akanni [11] constructed a Global Fear Index

(GFI) for COVID-19 patients. GFI measured the daily

concerns and emotions on the spread and severity of

COVID-19 since the pandemic declaration. It was a com-

posite index of two factors viz., reported cases and reported

deaths. While designing GFI, equal weights were assigned

to each factor. It was derived on a scale of 0 to 100,

indicating the absence and presence of extreme fear/panic.

A composite index of vulnerability at the state and district

levels of India based on 15 indicators across the five

domains as: socioeconomic, demographic, housing and

hygiene, epidemiological, and health system were designed

by Acharya and Porwal [12]. A map using GIS software

displaying number of COVID-19 confirmed cases in India

and vulnerability index was provided. They have computed

the vulnerability indices for Indian states and union terri-

tories (UTs), and 640 districts. Also, a reliability of the

vulnerability index using Cronbacks α (0\α\1) was

computed. Mohanty [13] commented on the vulnerability

index to COVID-19 pandemic across geographies in India.

He pointed that, the vulnerability index represents a risk of

consequences of the infection across India. In particular,

India accounts about 6% global COVID-19 infections and

the disease has spread from large cities to smaller towns as

well as rural areas. Mishra et. al. [14] developed COVID

vulnerability index. For the development, they have con-

sidered various parameters such as, density of population

(persons per square km), dilapidated residence, no exclu-

sive room, main source of drinking water, number of

households having no toilet facility, drinking water from

untreated source. For experimental purpose four metro
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cities in India: Mumbai, Delhi, Chennai and Kolkata were

considered.

Sarkar and Chouhan [15] assessed district level wise

COVID-19 vulnerability in India. Various indicators were

used for the vulnerability assessment. For the decision

purpose of the vulnerability, all indicators were selected for

principal component analysis with varimax rotation. The

effect of lockdown and COVID-19 pandemic situation on

air quality of Delhi city in India were studied by Mahato et.

al. [16]. Various air pollutants were considered for the

study. The detailed review, how India deal with economy,

human living and environment during and post COVID-19

pandemic was provided by Ghosh et. al. [17]. The social

distancing and strict 68 days of four phased nationwide

lockdown according to WHO norms had an additional

impact on these three factors in states and UTs of India.

They tinted that, SARS-COV-2 is the root cause behind the

coronavirus infection and it has about 96% identical to a

bat derived SARS like coronavirus. The impact of lock-

down on air quality in India during COVID-19 pandemic

was given by Singh and Chauhan [18]. They have con-

sidered five major cities in India viz., Delhi, Kolkata,

Mumbai, Chennai and Hyderabad where US embassies are

located. Sarkar et. al. [19] modelled and forecasted the

COVID-19 pandemic situation in India across various

states. Das et. al. [20] modelled the effect of area depri-

vation on COVID-19 incidences for the case study of

Chennai city. They highlighted various parts of the city

which are in risk due to COVID-19. Using regression

analysis they established the influence of area deprivation

on COVID-19 incidences.

Coronavirus is a matter of biological science, but

demographic and economic factors are among the respon-

sible factors to spread the coronavirus. The spread of

coronavirus is not uniform across the India due to these

factors. The present study seeks to assess the anti-pandemic

measures taken by the various states and UTs of India. The

aim of the paper is to understand how the disease spread in

India. Once the responsible parameters to the spread of

coronavirus are identified, related measures can be adop-

ted. The succeeded measures adopted by few regions can

be applied in the severely affected regions to handle the

pandemic. Major objective of the study is to calculate CPI

for each state and UT of India, as an instrument for the

comparison and to find out demographic and economic

factors responsible for the spread of coronavirus. The rest

of the paper is organized as: Sect. 2 describes the study

area of the present study. Details about the collected data

and research methods used in the study will be explained in

Sect. 3. The computation of CPI, spatial representation of

Fig. 1 Confirmed cases of

COVID-19 in India (where

Mizoram (MZ), Dadra and

Nagar Haveli (DN), Andaman

and Nicobar Islands (AN),

Arunachal Pradesh (AR),

Sikkim (SK), Ladakh (LA),

Odisha (OR), Arunachal

Pradesh (AR), Punjab (PB),

Jharkhand (JH), Chandigarh

(CH), Kerala (KL), Puducherry

(PY), Meghalaya (ML), Uttar

Pradesh (UP), Tripura (TR),

Uttarakhand (UT), Bihar (BR),

Telengana (TG), Nagaland

(NL), Madhya Pradesh (MP),

Goa (GA), Tamil Nadu (TN),

West Bengal (WB), Delhi (DL),

Jammu and Kashmir (JK),

Rajasthan (RJ), Assam (AS),

Gujarat (GJ), Manipur (MN),

Andhra Pradesh (AP), Himachal

Pradesh (HP), Chhattisgarh

(CT), Haryana (HR), Karnataka

(KA), Maharashtra (MH))
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CPI for India and discussion of the obtained results by

considering various parameters used in the study explained

in Sect. 4. In the same Section, development of the best

regression model for predicting CPI of India is also pre-

sented. In Sect. 5, we summarize the contribution of this

study and point out the future direction.

2 Study area

India in Asia comprises 28 states and 8 union territories

lying entirely in the northern hemisphere. It extends

between 804’ N and 3706’ N latitude and 6807’ E 97,025’

E longitude. It is the world’s seventh largest country in

terms of geographical area and second largest in terms of a

population of about 1.38 billion as of 2018. India is the

world’s second largest country in terms of population [21].

The nationwide strict lockdown due to COVID-19 pan-

demic has a huge impact on small, medium and large

enterprises of the country, which led to huge decline in the

Indian Economy [17]. The first case of COVID-19 in India

was found in January 2020 in Kerala [22]. Most of the

coronavirus cases in early months of 2020 in India origi-

nated abroad rather than being transmitted within the

country. As of February 5, 2021, there were around

10.9 million confirmed COVID-19 cases out of which

10.6 million have recovered successfully [22]. More than

0.15 million people died due to COVID-19 infection in

India.

In the initial period, several cases of pneumonia were

reported in India and its spread and increase was abrupt.

This initial rate of spread was high, unprecedented and

different in every state and UT of India. At the outset, the

cause of this disease was not properly recognised. Cur-

rently as far as confirmed cases of COVID-19 are con-

cerned, India is the first in Asia and second highest country

in the world after the United States of America (USA) [21].

The confirmed cases and deaths of COVID-19 in India are

shown in Figs. 1 and 2 respectively. Considering the rapid

increase in the number of cases of COVID-19 and fol-

lowing the guidelines of WHO, the Indian government

declared that the recent surge of the disease requires

immediate health emergency [2]. These anti-pandemic

measures have produced encouraging results and since

October 2020, India has been recording steady decline in

the number of daily deaths [22]. However, due to unlock

process in India and the emergence of new variants of the

coronavirus infection, the country has faced second wave

of COVID-19 in the mid of March 2021. On April 9, 2021

Fig. 2 Confirmed deaths of

COVID-19 in India
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the highest number of COVID-19 cases (0.145 million) has

been identified across India [23].

3 Data and research methods

In the present study, an attempt is made to assess the

responsiveness of states and UTs of India, to mitigate the

adverse effects of COVID-19 pandemic by analyzing and

assessing the CPI. Six variant independent indicators of

COVID-19 (Table 1) are used for computation ofCPI for each

state and UT of India according to the Ministry of Health and

Family Affaires, Government of India. It is composed in the

form of moving average after 100th registered COVID-19

case for respective states and UTs of India. The dates of 100th

registered COVID-19 confirmed cases for each state is dif-

ferent i.e. Maharashtra and Kerala are the first andMeghalaya

is the last state to registered the 100th COVID-19 case on

March 25, 2020 and July 8, 2020 respectively. Hence, the

present study considers total 211 days between March 25,

2020 and February 5, 2021 for the computation of CPI. Lak-

shadweep is excluded from the assessment as the numbers of

cases in this UT is relatively low.

Fourteen day moving average of daily new figures is

computed for the six independent indicators (Table 1) after

the 100th confirmed case for each state and UT. The rank

has been given on the basis of these individual moving

averages to the state and UT. An average of the rankings

across the six indicators are normalised for each state and

UT to produce CPI between 0 (poor) and 100 (good) [10].

It is expressed by using Eqs. 1, 2, 3, 4

CPIj ¼ 1

Range
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1
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Xn

i¼j
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" #
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þR
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Table 1 COVID-19 Performance index (CPI) indicators

Sr. No Indicator Indicator code

1 Confirmed cases CC

2 Confirmed deaths CD

3 Per million confirmed cases PMCC

4 Per million confirmed deaths PMCD

5 Tests per thousand TPT

6 Confirmed cases in proportion of test CCPT

Table 2 Parameters and their categories

Sr.

No.

Parameter Category Criteria State codes No. of

states

1 Size of population (2020) Small \10 Million LA, AN, DN, SK, CH, MZ, PY, AR, GA, NL, MN, ML, TR, HP 14

Medium 10–50

Million

UT, JK, DL, HR, CT, PB, AS, KL, TG, JH, OR 11

Large [50 Million AP, GJ, KA, TN, RJ, MP, WB, MH, BR, UP 10

2 PCNSDP at current price

(2018–19)

Low \National

average

DN, LA, BR, UP, JH, MN, AS, ML, MP, JK, CT, OR, WB, RJ, TR,

NL

16

High [National

average

AR, MZ, AP, PB, AN, HP, MH, TN, GJ, UT, KL, TG, KA, PY, HR,

CH, DL, SK, GA

19

3 Level of urbanisation

(2018)

Low \National

average

HP, BR, AS, OR, ML, UP, AR, CT, JH, RJ, SK, JK, TR, MP, NL,

AP, MN, UT

18

High [National

average

WB, HR, PB, AN, KA, TG, GJ, MH, KL, TN, MZ, DN, GA, PY, LA,

CH, DL

17

4 Density of population

(2018)

Low \National

average

LA, AR, AN, MZ, SK, NL, MN, HP, ML, CT, UT, RJ, MP, OR, JK,

AP, GJ, TG, KA, TR, MH

21

High [National

average

GA, AS, JH, PB, TN, HR, UP, KL, DN, WB, BR, PY, CH, DL 14
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Overall CPIs ¼ 1

k
CPIj þ CPIjþ1 þ � � � þ CPIk
� � ð4Þ

where j¼1 (first day of Sth state after their hundredth

case), R¼rank on the basis of respective indicator across

the state and UT, n¼14, k¼211 and S¼1, 2, 3,…, 35.

For comparative purpose, we have considered various

categories of the parameters (Table 2). These are size of

population (Small, Medium and Large), Per Capita Net

State Domestic Product (PCNSDP) (Low and High), level

of urbanisation (Low and High), and density of population

(Low and High). The size of population is considered as of

year 2020, PCNSDP at current price of 2018–19 and

density of population and level of urbanisation as of year

2018. These parameters help to better understand the

transmission level of the infectious virus, as all these

parameters are more responsible to the spread of the virus

directly and indirectly. The national average of PCNSDP (`
0.127 million), density (455 per square km) and urbanisa-

tion (34.03%) are considered as a benchmark for the cat-

egory. Data regarding the categories of each parameter and

Table 3 CPI of States and UTs

and their Rank
Rank States and UTs with Code Averages till February 5, 2021 CPI

CC CD PMCC PMCD TPT CCPT (%)

1 Mizoram (MZ) 20 0 16 0 1 25 80.82

2 Dadra and Nagar Haveli (DN) 15 0 25 0 0 5 78.06

3 Andaman and Nicobar Islands (AN) 23 0 56 1 2 11 75.59

4 Arunachal Pradesh (AR) 79 0 50 0 1 4 69.72

5 Jharkhand (JH) 511 5 1 0 0 3 65.95

6 Kerala (KL) 1714 6 48 0 1 5 64.76

7 Meghalaya (ML) 65 1 19 0 0 53 62.47

8 Tripura (TR) 155 2 37 0 1 5 61.63

9 Bihar (BR) 1080 6 9 0 0 4 60.47

10 Nagaland (NL) 56 0 25 0 0 13 59.25

11 Jammu and Kashmir (JK) 451 7 33 1 1 4 58.18

12 Assam (AS) 1017 5 29 0 1 4 57.87

13 Manipur (MN) 133 2 43 1 1 6 57.70

14 Himachal Pradesh (HP) 242 4 32 1 0 7 57.58

15 Haryana (HR) 824 9 29 0 0 6 52.33

16 Rajasthan (RJ) 916 9 11 0 0 5 52.27

17 Sikkim (SK) 28 1 41 1 0 12 52.05

18 Ladakh (LA) 45 1 155 2 2 41 52.00

19 Odisha (OR) 1487 8 32 0 1 5 51.88

20 Punjab (PB) 643 20 21 1 0 13 51.03

21 Chandigarh (CH) 83 1 71 1 1 12 50.56

22 Puducherry (PY) 181 3 128 2 2 10 50.49

23 Uttar Pradesh (UP) 398 7 35 1 1 6 48.87

24 Uttarakhand (UT) 2246 33 9 0 0 3 49.15

25 Telengana (TG) 1114 6 29 0 1 11 47.99

26 Madhya Pradesh (MP) 808 14 9 0 0 48 46.01

27 Gujarat (GJ) 819 18 13 0 0 6 45.51

28 Andhra Pradesh (AP) 3888 32 72 1 1 28 43.17

29 Chhattisgarh (CT) 1241 15 42 1 0 8 42.87

30 Karnataka (KA) 3852 52 57 1 1 8 40.05

31 Goa (GA) 242 4 152 2 1 14 39.92

32 West Bengal (WB) 1865 34 19 0 0 7 36.73

33 Tamil Nadu (TN) 3396 52 44 1 1 8 33.70

34 Delhi (DL) 1753 30 94 2 1 10 32.03

35 Maharashtra (MH) 7666 202 62 2 0 17 15.45
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all other data used in this study has been collected from the

official sources [2, 21, 23, 24].

Karl Pearson’s correlation test used to assess the cor-

relation between CPI and the parameters listed in Table 2.

The ordinary least square (OLS) regression procedure and

the correlation test [5] have been used to determine the

significant explanatory variables or predictors among the

above parameters to develop the best regression model.

The model is developed by taking CPI as a dependent

variable and PCNSDP, density of population, level of

urbanization and population size as independent variables.

R (4.0.4) software has been used for statistical analysis. In

GIS (Geographic Information System) environment, spatial

and non-spatial data can be gathered, stored, managed,

analysed and displayed. In the present study, QGIS (3.16.3)

is used for spatial analysis of the parameters under

consideration.

4 Result and discussion

Based on the research method explained in the preceding

section, CPI was computed as shown in Table 3 and spa-

tially shown in Fig. 3. Mizoram ranks first with 80.82

followed by Dadra Nagar Haveli, 78.06 and Andaman

Nicobar, 75.59. There are 8 states and 2 UTs in the top ten

rankings and 9 states and 1 UT in last ten. The average CPI

for the top ten good performers is 67.87 and for last ten

poor performers is 37.54. Parameter wise averages of top

ten good performers comprised around 16% of India’s total

population, PCNSDP (` 0.113 million), level of urbanisa-

tion (31.01%) and density of population (317) are relatively

lower than the national average. The last ten poor per-

forming states and UTs consist of around 45% of India’s

total population, PCNSDP (` 0.202 million), level of

Fig. 3 CPI of states and UTs of

India

Table 4 CC and CD of selected districts of Maharashtra as of

February 5, 2021

Sr. No District Confirmed cases Confirmed deaths

1 Pune 390,574 (19) 7998 (16)

2 Mumbai 311,019 (15) 11,384 (22)

3 Thane 270,113 (13) 5777 (11)

4 Nagpur 137,035 (7) 3373 (7)

5 Nashik 122,088 (6) 2000 (4)

Sub Total 1,230,829 (60) 30,532 (60)

Maharashtra 2,038,630 (100) 51,255 (100)

Value in the parentheses shows percentage of Maharashtra
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urbanisation (36.05%) and density of population (1389).

All these are more than the national average of respective

parameters taken into consideration.

Average CPI of states and UTs are 51.91 and 56.46

respectively, which shows the performances of UTs are

better than those of states due to considered parameters.

According to Table 3, economically advanced states and

UTs show poor performance. Size of population, level of

urbanization and density of population in these states and

UTs are higher compared to others. Maharashtra state has

low CPI among all states and UTs. The Maharashtra state

has total 2.04 million confirmed cases and 0.0513 mil-

lion confirmed deaths till February 5, 2021. Out of these

confirmed cases and confirmed deaths, the metropoli-

tan districts of Maharashtra viz., Pune, Mumbai, Thane,

Nagpur and Nashik comprises 60% confirmed cases and

confirmed deaths respectively (Table 4). Around 14 small

states and UTs in terms of population have highest average

CPI i.e. 60.56 among the category, whereas average CPI of

11 medium and 10 large states and UTs are 52.16 and

42.25 respectively (Fig. 4 and Table 5). This result shows

populous states and UTs have low performance index as

probability of transmission in high population areas is

always high. PCNSDP shows that around 19 high income

states and UTs have low CPI (Fig. 5 and Table 5). Eco-

nomically advanced regions always have high PCNSDP

and work as pull factor for the mobility of population for

many reasons. Due to the large economic and industrial

activities, mobility in these regions is always high. High

mobility of population is considered as one of major cause

of spread and infection of COVID-19. Metropolitan cities

of India like Delhi, Ahmadabad, Mumbai, Pune and

Kolkata etc. are the best examples as they are affected most

Fig. 4 Distribution of states and

UTs according to size of

population and their CPI

Table 5 Average CPI within categories

Sr. No Parameter Category CPI

1 Size of population Small 60.56

Medium 52.16

Large 42.25

2 PCNSDP Low 55.78

High 50.09

3 Level of urbanisation Low 55.39

High 49.82

4 Density of population Low 53.38

High 51.65
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due to coronavirus. The spatial distribution of CPI in

accordance with level of urbanization of states and UTs in

India are shown in Fig. 6. Similar result is also observed in

terms of density of population, where average CPI of 21

states and UTs of low density of population is 53.89. Total

14 states and UTs with high density have 51.65 CPI (Fig. 7

and Table 5). States and UTs with large size of population

and high density show low CPI mainly because the more

movement and contacts of the people more the chances of

infection. Large size of population, high density, hetero-

geneity and high mobility are some of the characteristics of

urbanisation all over the world. These characteristics are

also favourable to the spread of coronavirus. It is validated

from the Table 5. There are 18 states and UTs with less

percentage of urbanisation than India’s average national

level of urbanisation, which has better CPI (55.37) than 17

states and UTs with high percentage of urbanisation

(49.85). According to the three independent categories of

CPI viz., poor, moderate and good, the spatial distribution

of states and UTs in India is shown in Fig. 8.

Average CPI according to size of population and eco-

nomic status is shown in Table 6. Using this, we conclude

that, CPI for small and low income states and UTs is higher

and for large states with high income have low average

CPI. The average CPI for small and low income states and

UTs is 61.85. The outcome reveals that, these 6 states and

UTs of this category handled the COVID-19 pandemic

situation very well as compared with large and high income

states and UTs. There are 5 states and UTs in large and

high income category which comprises around 28% of

India’s total population and for these 5 states and UTs,

PCNSDP is high than the national average. It reflects that,

these states and UTs could not handle the COVID-19

pandemic situation due to various factors such as high

density, high urbanization, high population and high eco-

Fig. 5 Distribution of states and

UTs according to PCNSDP and

their CPI
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nomic growth which are the responsible factors for rapid

transmission of the virus in these states.

The lowest CPI is 15.45 and it was found for the

Maharashtra state. In Maharashtra state there are total cases

are 7666, out of which total deaths are 202, which is very

high during the study period. The Confirmed Cases in

Proportion of Test (CCPT) for Maharashtra state is 17%.

There are 5 states and UTs viz., Meghalaya (53%), Madhya

Pradesh (48%), Ladakh (41%), Andhra Pradesh (28%), and

Mizoram (25%), having high CCPT than Maharashtra. In

Maharashtra, particularly the metropolitan cities such as

Mumbai, Pune, Thane, Nagpur and Nashik are found to be

more affected which results low CPI of the state. These

districts account 60% (Table 4) deaths of total deaths of

COVID-19 in Maharashtra during the study period. Table 4

shows the confirmed cases and deaths in 5 districts of

Maharashtra out of 36 districts [22]. Maharashtra’s total

population is 12.08 million [24]; it is 9.34% of India’s total

population. As of February 5, 2021 Maharashtra recorded

2.04 million confirmed cases out which 1.231 million

(60%) cases are recorded in these districts. These

metropolitan cities also known as industrial hubs of

Maharashtra, comprise 39% of its population (Table 4).

Mumbai is economic capital of India, accounts 6.16% of

India’s Economy, also contributing 10% of factory

employment of India. These factors are responsible for the

poor performance of Maharashtra. In Mumbai, BMC used

chase the virus strategy and started to work from grass root

level applying various stages like tracing, tracking, testing

and treating. Dharavi, Mumbai, which was among the top

ten COVID-19 hot spots in the country is spread over 2.5

square km area, with population density of 0.23 million per

square km has also shown positive result and number of

cases fall down rapidly due these efforts. Hence this

Fig. 6 Distribution of states and

UTs according to level of

urbanization with their CPI
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strategy of Mumbai BMC viz., Dharavi model of Maha-

rashtra is much appreciated around the world.

The Karl Pearson’s correlation coefficient is computed

between CPI and each of the parameter (Table 2). The

values are, for PCNSDP, (r¼ −0.377, p: 0.026), for density
of population, (r¼ −0.217, p: 0.021), for level of urbani-
sation, (r¼ −0.236, p: 0.017) and for size of population,

(r¼ −0.418, p: 0.012). Thus, all correlation coefficients are

negative and significant (α¼0.05). For checking the sig-

nificant predictors to predict the CPI of a state or UT an

OLS regression model is built using R software. Thus, the

results of a no-intercept term OLS regression model are

reported in Table 7. From this table, density of population

and level of urbanization are significant (α¼0.05) to pre-

dict the CPI (dependent variable) with adjusted R2¼0.78.

The best regression model to predict the CPI of India is,

CPI ¼ 1:184 � Level of Urbanization� 0:008216
� Density of Population

The F-statistics value of the fitted model is 32.02 at 4

and 31 degrees of freedom with p: 1.323e–10\α. The

normality assumption of the fitted regression model was

checked using Shapiro–Wilk test yielding p: 0.665[α.
Hence, assumption of normality is strongly satisfied. Also,

Akaike Information Criteria (AIC) of the fitted model is

computed and is shown at the bottom of Table 7. This

indicates that, the fitted regression model is good for pre-

dicting the CPI of a state or UT by simply knowing the

values of density of population and level of urbanization

with relatively small error. For checking multicollinearity

assumption of the fitted model, we have computed variance

inflation factor (VIF) for each predictor and reported in

Table 7. Thus, we conclude that, there is no serious prob-

lem of multicollinearity i.e., the linear dependence between

the predictors (since VIF\5) and the fitted model is

adequate.

Fig. 7 Distribution of states and

UTs according to density of

population with their CPI
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5 Conclusion

The present study has been conducted to understand the

comparative efforts made by the states and UTs to control

the pandemic through CPI. The pandemic has formed as

life-threatening and is considered as one of the most seri-

ous infection. From CPI, it is observed that the small

populated states and UTs have taken more efforts to control

the pandemic than large populated states and UTs. As far

as urbanization and density of population is concerned, low

density and less urbanised states and UTs has taken more

efforts to control the pandemic. It is also found that, the

states and UTs with low PCNSDP has been shown better

performance during the pandemic. According to the

guidelines of WHO, more the number of tests better will be

the early control from rapid transmission of COVID-19.

Lower confirmed cases in proportion to the test indicate the

better control over the pandemic. Physical distancing,

lockdown, improved health related infrastructure and large

media campaign are some of the applied preventive mea-

sures which helped in mitigating the spread in the states

and UTs. The results show that, spread of coronavirus is

not uniform across India. The average CPI for all states and

UTs of India is 52.69. The findings of the research may be

Fig. 8 Categories of CPI

according to states and UTs

Table 6 CPI according to population size and economic status of the

states

Category Low income High income Total

Small States 61.85 (6) 59.59 (8) 60.56 (14)

Medium States 55.35 (5) 49.50 (6) 52.16 (11)

Large States 48.92 (5) 35.57 (5) 42.25 (10)

Total 55.78 (16) 50.09 (19) 52.69 (35)

Note: number of states falls in the category shown in parentheses

Table 7 Values of regression coefficients and t-statistics of

parameters

Parameter β t-Stat P value VIF

PCNSDP 6.813e-05 1.753 0.08948 1.088

Size of population −5.549e-08 −0.586 0.56203 1.230

Density of Population −8.216e-03 −3.062 0.00452 2.729

Level of Urbanisation 1.184 4.615 6.46e-05 2.936

R2¼0.8051 and AIC¼331.71. Bold values indicate significant

parameters
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able to assist policy makers on the eve of second wave and

possible further waves of the pandemic.
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