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Abstract
The SARS-CoV-2 is a novel corona virus identified as the cause of COVID-19 and, as the pandemic evolves, many have
made parallels to previous epidemics such as SARS-CoV (the cause of an outbreak of severe acute respiratory syndrome
[SARS]) in 2003. In India, the disease was first detected on 30 January 2020 in Kerala in a student who returned from
Wuhan. The total (cumulative) number of confirmed infected people is 324101 in Rajasthan and 271282 till now across India
(19 March 2021). Many have speculated that, like SARS, the activity of SARS-CoV-2 will subside when the climate
becomes warmer. We sought to determine the relationship between ambient temperature and COVID-19 incidence in Bikaner
district of Rajasthan state. In this article, we will focus the infected people in Bikaner district and build growth models to
predict infected people for that state in the next 30 days. The impact of preventive measures on daily infected-rate is
discussed. We analyzed over 272851 COVID-19 cases of Bikaner from February 2020 to March 15, 2021. We find a
statistically significant association between total cases or effective reproductive number of COVID-19 and ambient
temperature. Our findings do not support the hypothesis that higher temperatures will reduce transmission of COVID-19 and
warns the public not to lose vigilance and to continue practicing safety measures such as hand washing, social distancing, and
use of facial masks despite the warming climates.
Introduction
The outbreak of Corona virus Disease-2019 (COVID-19)
caused by Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2) has threatened health
worldwide. The year 2020 is begins with a huge challenge
called COVID 19 in India too. The ﬁrst case of COVID 19
in India was reported on 30 January 2020, originating from
China. After four months this disease spread in almost all
parts of the country. Coronavirus disease (COVID-19) is an
infectious disease caused by corona virus. Affects of
COVID-19 seen in different people in different ways. The
total (cumulative) number of confirmed infected people is
324101 in Rajasthan and 271282 till now across India (19
March 2021).
Corona viruses belong to the Coronaviridae family in the
Nidovirales order [1]. Corona represents crown-like spikes

on the outer surface of the virus; thus, it was named as a
corona virus. Corona viruses are a family of viruses that can
cause illnesses such as the common cold, severe acute
respiratory syndrome (SARS) and Middle East respiratory
syndrome (MERS). In 2019, a new coronavirus was
identified as the cause of a disease outbreak that originated
in China.
The virus is now known as the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). The disease it
causes is called coronavirus disease 2019 (COVID-19). In
March 2020, the World Health Organization (WHO)
declared the COVID-19 outbreak a pandemic. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) is the
seventh member of the family of coronaviruses that infect
humans [2] and induces coronavirus disease 2019 (COVID19).
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The virus that causes COVID-19 is mainly transmitted
through droplets generated when an infected person coughs,
sneezes, or exhales. These droplets are too heavy to hang in
the air, and quickly fall on floors or surfaces. Early research
suggests that person-to-person infectious transmission from
COVID-19 requires up to two weeks of incubation time
[3]. Most infected people will develop mild to moderate
illness and recover without hospitalization. Old age people
and those with underlying medical problems like
cardiovascular disease, diabetes, chronic respiratory disease,
and cancer are more likely to develop serious illness [4].
The World Health Organization (WHO) declared the
outbreak of the novel corona virus COVID-19 as a global
pandemic on March 11, 2020, as it became a global health
threat (Organization 2020). The prevailing COVID-19
pandemic is spreading at a continuous pace with 12,507,849
confirmed cases as of July 12, 2020, worldwide. WHO
declared Corona virus disease 2019 (COVID-19) as a global
pandemic on 11 March 2020 [5]. The disease has spread
across 210 countries and territories around the world, with a
total of more than two million confirmed cases [6, 7]. In
India, the disease was first detected on 30 January 2020 in
Kerala in a student who returned from Wuhan [8, 9]. The
total (cumulative) number of confirmed infected people is
17615 till now (19 April 2020) across India [10]. There are
few states with cumulative infected peoples are low in
number. Depending on how those states strictly follow the
preventive measures, we may see a rise in the confirmed
cases.
Preventive Measures
Table1: List of major preventive measures taken by the
Indian Govt.
Date

Measure

25/1/2020-

Health screenings at airports and border crossings

13/3/2020
26/2/202020/3/2020
26/2/202013/3/2020
5/3/2020

Introduction of quarantine policies: gradually for
passengers coming
Visa restrictions: gradually for different countries

11/3/2020
13/3/202015/3/2020
16/3/2020

Border checks
Border closure

18/3/2020

Travel restrictions

20/3/2020

Testing for COVID-19

22/3/2020

Flights suspension

22/3/2020

Cancellation of Passenger Train Services

24/3/2020

Suspension of Domestic Airplane Operation

25/3/2020

21 days Lockdown of entire Country

25/3/2020

Cancellation of Passenger Train Services

30/3/2020

Increase of quarantine/isolation facilities

14/4/2020

Extension of Lockdown till 3 May 2020

June 2020

All preventive measures were hand-over to state govt.

Limit public gatherings

Limit public gatherings
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Method
We conducted a one year district wide retrospective survey
on the impact of COVID-19 on the cases of acute coronary
syndrome (ACS) from February 2020 to March 15, 2021.
The major aim of this article is to collect, process, analyzed
and visualize the result into its geographical form for the
easy understating and for further usages. The primary data
of COVID19 is collected from Ministry of Health and
Family Welfare (https://mohfw.gov.in), COVID19 INDIA
(https://covid19india.org), and local administrative. The
collected data is cleaned and processed into spreadsheets
and arranged in the required manner.
Study area
Rajasthan is a state in northern India. The state covers an
area of 342,239 square kilometers or 10.4 percent of the
total geographical area of India. It is the largest Indian state
by area and the seventh largest by population. Rajasthan is
among the states of the country which have conducted
highest number of tests and have per capita ratio of tests
higher than national average.[11] Bikaner is a city in the
northwest of the state of Rajasthan, India. It is located 330
kilometers (205 mi) northwest of the state capital, Jaipur.
Bikaner recorded their first laboratory-confirmed COVID19 cases on 5 March. Under-ascertainment of cases during
March and early April was likely due to limited testing
availability and testing algorithms.
The present study examines the impact of weather indicators
on the COVID-19 outbreak in the Bikaner district of
Rajasthan state of India. The coronavirus disease 2019
(COVID-19) outbreak has had a major impact on medical
and surgical activities.
We will focus on the infected people of Bikaner district and
build growth models to predict infected people for Bikaner
in the next 30 days.
Patient Cohort
Consecutive patients with COVID-19 infection from Feb. 2,
2020, to March 15, 2021, in 7 major Bikaner public hospital
centres were studied. Research criteria were (a) diagnosis of
COVID-19 based on possible exposure history or symptoms
that were clinically compatible with the disease, validated
with detection of SARS-CoV-2 via reverse transcriptase
polymerase chain reaction assays on the nasopharyngeal,
throat, or lower respiratory tract swabs; (b) severe COVID19 infection defined as requirement for hospitalization and
oxygen therapy.
Virologic Assessment
Quantitative real-time reverse transcriptase polymerase
chain reaction tests for SARS-CoV-2 nucleic acid were
performed on nasopharyngeal or lower respiratory tract
swabs. Primer and probe sequences target two regions on
the RNA dependent RNA polymerase (RdRp) gene and are
specific to SARS-CoV-2. Assay sensitivity is around 10
copies per reaction.
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Statistical Models
In this article, we consider the exponential model and the
logistic model, for COVID-19 pandemic prediction at the
district level. These models have already been used to
predict epidemics like COVID-19 around the world,
including China, Ebola outbreak in Bomi, Liberia (2014)
[12, 13, 14 ].
Exponential Model
A pandemic can show exponential growth at the initial
stage. For example, at the early stage, the 2014-15 Ebola
epidemics in West Africa had shown a seemingly
exponential spread [15].
We can write the exponential model as-

Logistic Model
Some pandemics follow an S-shaped curve (sigmoid curve).
In other words, the pandemic may start slowly; then, it will
increase the growth-rate (infection-rate), and finally, it will
flatten the growth-rate over time. The following logistic
model can capture that [16].
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10,000 population) by August 2020. An outbreak beginning
on 28 April caused 8464 cases by May. Thereafter, few
cases were identified in this district until early June (fig. 1).
On 1 June, one death in Bikaner was recorded, On 18 May,
Rajasthan government issued guidelines and relaxations
regarding lockdown 4.0 in the state and classified the zones
under Urban and Panchayat samiti categories in each
district. On 16 June, the state government said that no passes
or NOC would be required to enter or leave the state from
now on.[21] In a subsequent manner, several restrictions were
eased. In November, the increasing cases amid festive
season and cold weather conditions prompted the
government to impose night curfew in selected cities and
urban areas.[22] After this, number of positive cases start
increasing due to the end of lockdown period, which
increases rush on the roads and public gathering. Gradual
increase in positive cases were seen after lockdown period
with highest incidence in October 11652 out of 35961 i.e.
32.40%. This was the festival season. But after this increase,
gradual decrease was seen in positive cases with decrease in
temperature as shown in fig.1 and table 1. The educational
institutions were allowed to open from 18 January 2021 with
necessary guidelines.[23] On 18 January 2021, the night
curfew was withdrawn in view of significant reduction in
coronavirus cases and few more relaxations were given.[24]
In view of gradual increase in cases in February, negative
RT-PCR report was made mandatory for travellers from
Maharashtra and Kerala.[25]

Results
The percentage of tests yielding positive results peaked at
1.09% on April 2020, when the daily number of tests
performed was low in state (range, 2169 tests; Fig. 1).
Throughout early May, there was increases in the number of
tests performed daily coincided with a reduction in the
proportion of tests yielding positive results. Our analyses
include data collected through 2 February, at this time
Bikaner had started to diagnose the cases through RT-PCR
test (table 2).
The ﬁrst case of COVID19 in Bikaner was reported on 30
April 2020. The COVID-19 cases appeared from 2 March
2020 onwards. These cases were related to people who have
been evacuated or have arrived from COVID19 affected
countries. From 20 March 2020, there is an exponential
growth in the daily number of COVID19 cases at district
level.
The earliest clusters of locally acquired cases emerged in
April in Bikaner district of Rajasthan. On April 3 Bikaner
district reported their first case due to the Tablighi Jamaat
members.[17]
On April 4, first death of the state was reported in Bikaner,
as a 60-year-old woman died due to the virus.[18] Till April
7, three died due to the virus.[19]
By 17 April, Bikaner districts emerged as the new hotspots
of the virus as these saw a surge in cases in April.[20]
Bikaner ultimately experienced the highest cumulative
incidence of COVID-19, totaling 58835 cases (204.6 per

Figure 1: Graph representing the Incidence overtime and
across district. Diagnostic tests conducted each month (top)
and the proportion of tests yielding positive results (bottom)
for the period Feb. 2, 2020 to March 15, 2021, when
districts reported comprehensive testing information to the
state governments.
These data show that there was a quiet an increase in the
number of positive cases in mid of March, 2021 in
comparison to January and February. This is the second
wave of COVID 19. This decline in the number of positive
cases up to February may be due to low atmospheric
temperature. This may also show that there could be a many
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of people who are in the community without knowing that
they are carrying the virus.

Fig 2: graph representing the COVID cases in Rajasthan
But as when environmental temperature increases, COVID
positive cases are going to rise again. In mid March total
positive cases were 42 in Bikaner, which was half of total
positive cases of January and February which were 88. This
is the period when COVID vaccination also started. While
in the entire Rajasthan state the number of positive cases
was 323774 out of 6556622 i.e. 4.9% on March 15, 2021.
The high growth of active cases in the latter part of the
lockdown is a major concern for this state. It could be a
signal of a community spread of the COVID-19.

Figure 3: The bar chart shows the daily growth of the
COVID-19 cases in Bikaner. The western state district
reported 42 cumulative infected COVID-19 cases. The
logistic model indicates that in another 30 days from now,
the state can see around more than 100 cumulative infected
cases. This district has not observed a specific trend in the
daily infected rates during the lockdown. The current
infection-rates for Rajasthan are still on the higher side. This
state needs immediate intervention to make all the
preventive measures already taken by the Government
strictly. It may show that absence of any preventive
measure, the numbers could have increased manifold.

Table 2: Positive and negative cases during 12 months of
covid19 pandemic
Month

Maximum

Positive

Negative

samples

samples

samples

Percentage

February

4

0

0

0%

March

101

0

0

0%

April

2169

39

2130

1.79%

May

8464

69

8395

0.81%

June

1681

229

16585

1.36%

July

39290

1707

37583

4.34%

August

58835

2879

55956

4.89%

September

44556

4691

39865

10.52%

October

35961

11652

24309

32.40%

Figure 4: Pie chart showing the positive cases of COVID 19
in Bikaner district

November

25285

7139

18146

28.23%

Discussion

December

24255

597

23658

2.46%

January

15001

67

14934

0.4%

February

10858

21

10837

0.19%

March,15

6391

42

6349

0.65%

Total

272851

29132

258747

10.67%

India, a country of 1.3 billion people, has reported 17615
confirmed COVID-19 cases after 80 days (19 April 2020)
from the first reported case in Kerala [7]. India has taken
many preventive measures to combat COVID-19 in much
earlier stages compared to other countries, including
nationwide lockdown from 25 March 2020. Apart from
lockdown, people have certain conjectures about possible
reasons behind India’s relative success, e.g., measures like
the travel ban relatively early, use of BCG vaccination to
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combat tuberculosis in the population that may have
secondary effects against COVID-19 [33,34], exposure to
malaria and antimalarial drugs [35], hot and humid weather
slowing the transmission, and so on [36,37].
However, as of now, there is no concrete evidence to
support these conjectures.
Note that India may have seen fewer COVID-19 cases till
now, but the war is not over yet. There are many states like
Maharashtra, Delhi, Madhya Pradesh, Rajasthan, Gujarat,
Uttar Pradesh, and West Bengal, who are still at high risk.
These states may see a huge jump in confirmed COVID-19
cases in the coming days if preventive measures are not
implemented properly. We hope India can be free of
COVID-19 with a strong determination as already shown by
the central and respective state Governments.
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