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Introduction

COVID‑19 is a viral disease caused by a coronavirus (SARS‑CoV‑2). 
Total confirmed cases of  COVID-19 in the world as on 11th May 
2021 are 159 million. Till date, 3.1 million deaths have been 
reported globally due to it. More than 14% of  these cases 
and 7% of  the total deaths of  the world are from India as on 
11th May 2021.[1,2]

John Snow, the father of  modern epidemiology, in the 
19th century, first used spot maps to plot the cases of  Cholera 
in London. His geographical analysis helped to trace the 
source of  infection even when no Vibrio Cholerae bacterium 
was discovered.[3] Spatial epidemiology is the core branch 
of  infectious disease epidemiology. Real‑time mapping of  

infectious disease data is important to track the current situation 
of  the disease.

India is a diverse country where geographical and socio‑demographic 
conditions vary. Many socio‑demographic factors such as poor 
socio‑economic condition, overcrowding, rapid urbanisation and 
migration are associated indirectly with various infectious diseases. 
These factors are neglected most of  the time while planning health. 
Evaluation of  these factors is important to know the epidemiology 
of  the disease in detail and to prevent and minimise the effects 
of  potential future pandemics. Primary health care physicians 
can manage the cases of  COVID‑19 considering the various 
socio‑demographic factors associated with it.

Objectives

1. To map spatially total cases and case fatality rate (CFR) of  
COVID‑19 in India

2. To develop the linear regression model based on 
socio‑demographic determinants associated with COVID‑19 
mortality.
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Methodology

More than one year has passed since the 1st case of  COVID‑19 
was reported from India. We have compiled data regarding 
COVID-19 from the official website of  the Government of  India 
as on 11th May 2021.[2] Compiled data was extracted in an excel 
sheet. The number of  total cases, total deaths due to COVID‑19, 
current active cases and recovered cases reported till 11th 2021 
were entered state‑wise in the excel sheet. CFR was calculated 
from the number of  deaths and total cases. The recovery rate 
was also calculated for each state. The CFR is directly related to 
virulence and indicates the killing power of  the disease.

CFR = Total number of  deaths due to COVID‑19/Total number 
of  COVID‑19 cases × 100.

Recovery rate = Total number of  recovered cases of  COVID‑19/
Total number of  COVID‑19 cases × 100.

After calculating epidemiological parameters, such as CFR and 
recovery rate, we used Q‑GIS software for geographical mapping 
of  this epidemiological data.

All states and union territories were included in geographical 
mapping. Two such graphs were created by geographic 
information system (GIS) mapping of  total cases and CFR.

Basic socio‑demographic data were collected for each state. 
Data regarding the total state‑wise projected population as on 
December 2020 was extracted.[4] The density of  population per 
square kilometre and literacy rate according to the 2011 census 
was collected.[5] Percentage of  urban population in the state, 
percentage of  peoples below poverty line (BPL) according to 
Tendulkar Committee, percentage of  persons more than 60 years 
residing in the state and per capita health expenditure spent on 
health were compiled.[5-7] Immigration rates were also obtained.[8] 
Other states were excluded as some data was not available for that 
particular state. The projected population as on December 2020 
was taken into consideration to calculate COVID‑19 morbidity 
and mortality rates. We used the ordinary least square method to 
develop a linear regression model using these socio‑demographic 
variables as the predictors of  COVID‑19 mortality. Data of  19 
states were used to develop the linear regression model.

Statistical analysis
Statistical analysis was done by using R software version 3.6.1.

Results

Maharashtra, Karnataka and Kerala are high‑burden states at 
present where more than 1.9 million COVID‑19 cases have been 
reported [Figure 1]. CFR is the highest in Punjab, followed by 
Sikkim, Uttarakhand, Maharashtra and Delhi [Figure 2].

Delhi has the highest number of  cases and deaths of  COVID‑19 
per 100000 general (projected) population [Table 1]. Rate of  

immigration and per capita health expenditure are the significant 
predictor of  COVID‑19 deaths. The only negative predictor 
of  COVID‑19 mortality is the literacy rate. Multiple R‑squared 
for the model of  COVID‑19 mortality based on various 
socio‑demographic variables is 0.89. Adjusted R‑squared in the 
model of  COVID‑19 deaths is 0.82. The model could explain 
82% variations in COVID‑19 deaths [Table 2].

Discussion

We plotted point source data regarding COVID‑19 total cases 
and CFR of  Indian states and union territories using Q‑GIS 
software. We included 19 states in the linear regression model 
for socio‑demographic factors associated with COVID‑19 
mortality per 100000 general population projected for 
December 2020.

Table 1: Cases and deaths of COVID‑19 per 100000 
general population as on 11th May 2021 in various states 

of India for which linear regression model is used
States Cases per 100000 

population*
Deaths per 100000 

population*
Assam 837.39 4.92
Bihar 482.09 2.69
Chhattisgarh 2932.93 36.49
Delhi 7141.38 105.09
Gujarat 1084.36 13.33
Haryana 2228.76 20.44
Himachal Pradesh 1822.10 26.01
Jharkhand 757.97 10.32
Karnataka 2921.26 28.67
Kerala 5406.57 16.47
Madhya Pradesh 798.37 7.62
Maharashtra 4173.13 62.04
Odisha 1175.40 4.74
Punjab 1495.20 35.51
Rajasthan 954.18 7.19
Tamil Nadu 1810.40 20.40
Uttarakhand 2220.40 34.63
Uttar Pradesh 640.97 6.62
West Bengal 1016.58 12.51
*Projected December 2020 population was considered

Table 2: Multiple linear regression model for COVID‑19 
deaths per 100000 general population based on 

socio‑demographic variables
Independent variables Coefficient Std 

error
t 

statistics
P (t)

Intercept −21.32 49.11 −0.43 0.67
Population density/km2 0.001 0.002 0.67 0.52
Urban population (%) 0.67 0.36 1.87 0.09
Immigration (%) 2.67 0.78 3.42 0.005
Literacy (%) −0.78 0.97 −0.81 0.44
Population >60 years (%) 2.75 3.09 0.89 0.39
BPL (%) 0.59 0.40 1.46 0.17
Per capita health expenditure (INR) 0.03 0.008 3.11 0.009
Residual standard error: 10.61 on 11 degrees of  freedom. Multiple R2: 0.89, Adjusted R2: 0.82. F‑statistic: 
12.41 on 7 and 11 DF, P: 0.0002
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Maharashtra is the only state where more than 5 million 
cumulative confirmed cases of  COVID-19 have been reported 
as on 11th May 2021. [Figures 1 and 3]. Currently burden of  
the disease is found to be more in the states of  Maharashtra, 
Karnataka, Kerala, Uttar Pradesh and Tamil Nadu. Maximum 
active cases are seen in Maharashtra, Karnataka, Kerala, Uttar 
Pradesh and Rajasthan. Punjab is the only state where CFR is 
more than two percentages whereas national CFR is 1.09 as on 
11th May 2021. Among the states, lowest CFR is reported from 
Mizoram, followed by Kerala, Arunachal Pradesh and Odisha. 
These four states have reported CFR less than 0.5%. Recovery 
rate is more than 70% in all the states and union territories except 
Uttarakhand as on 11th May 2021. Kerala is the only state where 
despite having position among the top five high-burden states, 
it has very less CFR. Kerala has favourable socio‑demographic 
indicators.

There are geographical disparities in morbidity, mortality, CFR 
as well as in the recovery rate of  COVID‑19 cases in different 
Indian states. To understand the reasons behind these differences, 
we developed a linear regression model taking socio‑demographic 
factors as the predictors of  mortality.

As a finding, literacy rate is the only negative predictor of  
COVID-19 mortality. Similar findings were obtained in a study 
conducted in Brazil, where deaths among hospitalised patients are 
highest among illiterates.[9] In our study also, those states having 
a high literacy rate have less COVID‑19 mortality. Whereas in a 
study conducted in the United States, minority population and 
BPL population are the negative predictors of  COVID‑19 cases. 
However, only minority population is the negative predictor of  
mortality found in a study.[10] In a study conducted in Sweden, 
more hazard was observed among primary educated than 
secondary and tertiary educated peoples. They also noticed 
a higher risk of  mortality among immigrants.[11] In a similar 
study in the United States, the odds of  COVID‑19 mortality is 
significantly higher after 60 years of  age.[12] United Nations is 
a developed nation and India is low‑ and middle‑income 
country. Hence, socio‑demographic conditions vary in these 

two countries. Also, socio‑demographic factors associated with 
COVID‑19 are different.

Public health expenditure and rate of  immigration are significant 
predictors of  COVID‑19 case burden and deaths. In a study 
conducted in a tertiary hospital in Spain, more than 60% of  deaths 
are reported in the age of  >60 years.[13] Socio‑economic conditions 
and urbanisation are also associated factors. The density of  
population per square kilometre is not a significant predictor.

In a study conducted by Ramirez et al. in Colorado, it is observed 
that migration is negatively correlated with COVID‑19 deaths. 
Further, the density of  population is correlated significantly 
with the mortality of  COVID‑19.[14] In a GIS‑based study in the 
United States, poor socio-economic condition is identified as a 
predictor of  COVID‑19 incidence rate.[15]

State or district authorities can delineate the areas requiring 
lockdown with the help of  real‑time GIS mapping.[16] A similar 
GIS‑based study from China in the early stage of  the pandemic 
has shown spatial dynamics of  COVID‑19.[17] They also stressed 
the importance of  plotting recovery rate and mortality spatially 
to understand factors affecting it.

Manual labourers and the unemployed have the highest 
COVID‑19 mortality rates in Ecuador.[18] Similarly, vulnerable 
populations, such as minorities, also have a high death rate in 
the United States.[19] Migrants are also one of  the vulnerable 
populations in India. The most important reason for migration 
in India is employment. Hence, there is a need to provide job 
opportunities to these migrants in their own states and to reduce 
the rate of  urbanisation.

In a similar regression model study conducted in Europe, per 
capita income is strongly associated with COVID‑19 mortality.[20] 
Income and health deprivation and ethnicity are also associated 
with COVID‑19 mortality in England.[21] Non‑whites have a 
higher risk of  COVID‑19 mortality in the United Kingdom.[22] 

Figure 2: Spatial map showing state-wise CFR of COVID-19 in India 
as on 11th May 2021

Figure 1: Spatial map showing state-wise total confirmed cases of 
COVID-19 in India as on 11th May 2021
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India is also a diverse country where people from different 
religions, castes and ethnicity live. Limited health infrastructure 
is associated with a greater risk of  COVID‑19 found in a study 
conducted in China.[23] In Indian states like Kerala, where health 
care indicators are good, COVID‑19 mortality is more diminutive. 
In a spatial analysis conducted in Oman, purchasing power and 
population density are associated with COVID‑19.[24] Illiteracy 
and lower socio‑economic status have a substantial impact on 
COVID‑19 mortality in India.[25]

GIS‑based mapping should be a part of  routine surveillance 
activit ies to understand the various spatial  factors 
associated with the new emerging pandemic disease like 
COVID‑19.

COVID‑19 pandemic taught us a lesson to strengthen our health 
care system concerning infrastructure and workforce and capacity 
building. Health centres should be strengthened to equip them 
to manage the pandemics. More public health expenditure is 
required to strengthen our public health care system. Only then 
we can face future impending pandemics. Rehabilitation of  the 
migrants should be done promptly. The holistic development of  
humankind is the need of  the hour.

Conclusions

There are spatial variations in COVID‑19 cases as well as CFR. 
Education is the indirect negative predictor of  COVID‑19 
mortality. Per capita public health expenditure and immigration 
are the significant independent variables.

Recommendation
Real‑time spatial mapping should be done regularly to know 
how the disease is progressing and to prioritise the resources. 
There is a need to improve indirect predictors like literacy and 
public health expenditure. There is also a need for occupational 
rehabilitation of  migrants.

Key messages
GIS mapping should be a routine part of  surveillance in the 
containment of  pandemic. Indirect predictors such as literacy, 
migration, urbanisation and socio‑economic conditions 
associated with emerging infectious diseases like COVID‑19 
should not be ignored.
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