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Abstract

The novel coronavirus, since its first outbreak in December, has, up till now, affected approximately 114,542 people across 115
countries. Many international agencies are devoting efforts to enhance the understanding of the evolving COVID-19 outbreak on
an international level, its influences, and preparedness. At present, COVID-19 appears to affect individuals through person-to-
person means, like other commonly found cold or influenza viruses. It is widely known and acknowledged that viruses causing
influenza peak during cold temperatures and gradually subside in the warmer temperature, owing to their seasonality. Thus,
COVID-19, due to its regular flu-like symptoms, is also expected to show similar seasonality and subside as the global temper-
atures rise in the northern hemisphere with the onset of spring. Despite these speculations, however, the systematic analysis in the
global perspective of the relation between COVID-19 spread and meteorological parameters is unavailable. Here, by analyzing
the region- and city-specific affected global data and corresponding meteorological parameters, we show that there is an optimum
range of temperature and UV index strongly affecting the spread and survival of the virus, whereas precipitation, relative
humidity, cloud cover, etc. have no effect on the virus. Unavailability of pharmaceutical interventions would require greater
preparedness and alert for the effective control of COVID-19. Under these conditions, the information provided here could be
very helpful for the global community struggling to fight this global crisis. It is, however, important to note that the information
presented here clearly lacks any physiological evidences, which may merit further investigation. Thus, any attempt for manage-
ment, implementation, and evaluation strategies responding to the crisis arising due to the COVID-19 outbreak must not consider
the evaluation presented here as the foremost factor.

Keywords Coronavirus - COVID-19 - Temperature - UV index - Non-physiological reaction

Introduction

As of 10th March 2020, 114,814 confirmed cases of novel
coronavirus (also called COVID-19) infection have been re-
ported worldwide since its emergence in mid-December (Du
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Toit 2020). Almost 70.3% are being reported from China
alone, followed by Italy (8.0%), South Korea (6.5%), Iran
(6.2%), France (1.2%), Spain (1%), Germany (1%), the
USA (0.6%), and Japan (0.6%), constituting more than
~95% of the total reported confirmed cases. In a report re-
leased by the World Health Organization (WHO). a major goal
and objective is outlined to rapidly disseminate the national
(for China) and international planning on the preparedness in
response to the increasing and ongoing outbreak of COVID-
19. The virus traces its origin for the recent outbreak in China,
when three samples for bronchoalveolar lavage were collected
and detailed microbiological analysis confirmed that the virus
had typical features resembling the coronavirus family.
COVID-19 has a transmission characteristic typical of any
other cold-causing influenza virus: human-to-human. As per
the report published by the WHO, the common symptoms
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include fever, dry cough, fatigue, sputum production, short-
ness of breath, sore throat, headache, etc., which can be rec-
ognized as normal flu symptoms.

Since the beginning of the COVID-19 outbreak, extensive
efforts have been constantly devoted to improving under-
standing about the virus. As a result, this virus, previously
unknown to many, not only garnered tremendous research
attention, but also became a household name within a span
of merely 90 days. The outbreak has also brought many major
cities in China to a standstill and resulted in the isolation of a
large number of citizens in Italy. Such a curfew-like situation
can be difficult to impose and may not yield the desired results
under many circumstances (Fong et al. 2020), which is evi-
dent from the steps being taken by countries to contain further
spread of the virus. At the same time, another prevalent issue
is considering the COVID-19 features that are similar to com-
mon influenza viruses causing colds. The most common fea-
ture of common influenza viruses is seasonality, which im-
plies that, during colder temperatures, influenza caused by
viruses increases, which then subside with the warming of
air temperature. This assumption, at this moment, is not
backed by any robust analysis and scientific investigations.
Under the circumstances of unobtainability of any pharmaceu-
tical relief to treat the COVID-19 virus, specific information
about the non-physiological causes augmenting the survival
and spread of COVID-19 can be very valuable information for
policy-makers dealing with management and effective control
measures. Since the onset of the COVID-19 outbreak, a lot of
attention has been paid to understanding cross-species trans-
mission (Ji et al. 2020), efforts regarding the discovery, emer-
gence, clinical diagnostic, and genomic characteristics of
COVID-19 (Phan 2020), and initial public response (Patel
et al. 2020). Further, there are requirements for details related
to the necessity of maintaining regular physical activity while
exercising precautions (Chen et al. 2020) and, more interest-
ingly, even developing an accurate model to forecast the novel
COVID-19 outbreak from small datasets (Fong et al. 2020).
The relation of COVID-19 with meteorological parameters,
which are very location-specific where outbreaks have been
reported, however, has not been investigated. In this study, we
analyzed the number of confirmed cases up till 7th
March 2020 and investigated location-specific outbreaks with
meteorological parameters, including temperature, relative
humidity, UV index, and precipitation.

Materials and methods

To better understand the demographic distribution of COVID-
19 on the global scale, we used data that were not derived for
any in situ measurements or monitoring. Instead, we captured
the country-/region-dependent spread from alerts generated by
the Program for Monitoring Emerging Diseases (ProMED),

@ Springer

which is a community-based online reporting system (Yadav
etal. 2020). The very fact that reports in the ProMED are fully
screened by a group of expert members for its validity makes
the reports reliable to be used in scientific publishing (Fisher
et al. 2012). We used the key word “COVID-19” with the
option enabled for subject and post; for exclusions, see also
the ProMED-mail database. Thereafter, we selectively
screened the number of infected cases listed for each country
from 2nd February 2020, where the accumulated infected
cases were already provided. As shown in Table 1, we con-
sidered the cumulative dataset for 85 locations, including the
highly affected provinces in China, South Korea, Italy, Iran,
France, Germany, the USA, Spain, and Japan. Further, the
meteorological data for minimum, maximum, and average
temperature (in °C); relative humidity (in %), UV index (an
index indicating the strength of sunburn-producing UV radia-
tion), precipitation (in mm), and cloud cover were obtained
from the website https://www.worldweatheronline.com (last
accessed 10th March 2020, 04:30 h IST), which is dedicated
to providing global weather content and has been used by
previous researchers (Ibekwe and Ukonu 2019). The pro-
viders claim to cover around 3 million sites across the globe,
and the data are used by many organizations. While it is dif-
ficult to independently verify the quality and accuracy of the
data, random validation for a few cities with actual measure-
ments in the past have given a strong agreement between the
two datasets. To obtain the data for a specific city, we applied
the search criteria by narrowing on the province/region and
then querying the most affected cities in the respective
province/region obtained from various other data sources.
Thus, we are of the strong opinion that the meteorological
data presented here are not only the true representation of
the city/place with infected cases, but also give an accurate
indication of the relation between the number of confirmed
cases and the meteorological parameters.

Further, for the countries with more than 500 confirmed
cases, we only chose cities that constituted more than 70%
of the total confirmed cases for that respective country.
Thus, we scrutinized a total of 107,351 confirmed cases across
85 locations.

Once the data were obtained, we prepared scatter plots
between the number of confirmed cases and various meteoro-
logical parameters. Further, by applying various statistical fits,
the dependence of virus spread on individual meteorological
parameters was investigated, as discussed below.

Assessment

Figure 1 shows the relation between the number of confirmed
cases and temperature assessed for more than 10,000 cases
globally, constituting ~85 individual locations. As can be seen
from Fig. la, the data points are clearly following the log
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Number of Confirmed Cases
5 s 8 s 8

g

A5 -10 -5 0 5 10 15 20 25 30 35
Temperature [°C)

Fig. 1 Scatter plot of temperature and total number of confirmed cases up
till 7th March 2020. Temperature data have been obtained from the online
dataset as mentioned in the ‘Materials and methods’ section and were
averaged over January and February 2020. a Scatter plot between
average daily temperature and number of confirmed cases. The line

normal fit, with very narrow distribution. The point of Wuhan,
where the maximum confirmed cases are reported, also lies
within the peak (not shown in the figure). As evident from the
figure, it clearly appears that the temperature range of 5—15 °C
comprises almost 90% of the total confirmed cases. With very
small o value of the distribution, it is very apparent that the
temperature band for community infection is, indeed, very
narrow. Previous studies have clearly demonstrated that lower
temperatures are directly related to influenza virus activity
(Deyle et al. 2016; Ianevski et al. 2019; Roussel et al. 2016).
Thus, it is clear that increasing temperature may have some
clear indication for the reduction in the number of infected
cases. Further, to understand if the diurnal variations in tem-
perature, in addition to daily maximum temperature, has any
impact on the infection among the community, we calculated
the difference between the daily maximum and minimum tem-
peratures and plotted it against the cumulative number of con-
firmed cases for respective temperature difference values (Fig.
1b). It is evident from the figure that the pronounced diurnal

Fig. 2 Scatter plot between H 10000
cumulative confirmed cases and ]
UV index (refer to the ‘Materials o
and methods’ section for more g
details). The daily UV index for g 8000
the months of January and =
February was obtained from the 8
source mentioned in the = 6000
‘Materials and methods’ section. Pt
The daily UV index data for the 3
months of January and February g 4000
were further averaged. The line c
indicates the spline fit to the data 4
(N=14; R*=0.63) % 2000
S
E .
= .
3 0
O 1
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shows the log normal fit to the data (N =385; R*=0.35). b Scatter plot
of the difference between the maximum and minimum daily temperatures
and accumulated number of confirmed cases. The orange line shows the
log normal fit to the data (V= 14; R> =0.74). All the fits are statistically
significant

variations with a difference of ~7 °C between the maximum
and minimum temperatures have shown a consistent decrease
in community infection. However, further investigations are
required on if such a trend is also evident for warmer and
relatively colder regions.

Further, interestingly, we also found a very strong relation
between UV index and number of confirmed cases. As shown
in Fig. 2, it is evident that the number cumulative cases were
found to be highest for a UV index of 2.5 and gradually de-
creased from a UV index of 3.5. For the areas where the UV
index was higher than 5, the number of confirmed infected
cases decreased further. It has been documented that higher
temperature or prolonged exposure to UVC radiation lowers
the virus infectivity (lanevski et al. 2019). This is mainly
resulting from the fact that increased temperatures and
prolonged exposure to UV radiation are unable to kill the
retinal pigment epithelium (RPE) layer of the cells. Warmer
winters in Europe and the USA have been associated with
reduced influenza virus activities (Ballester et al. 2016). As

UV Index
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Fig. 3 Scatter plot between meteorological parameters and number of
confirmed cases up till 7th March 2020. a Scatter plot between relative
humidity (%) and number of confirmed cases, with the orange and red
lines indicating squared and linear fit, respectively (N = 85; R*=0.0005

shown in Fig. 3, we did not observe any strong dependence
between the relative humidity and precipitation and commu-
nity infection.

Concluding remarks

While the world is putting every possible effort into tackling
the global epidemic situation resulting from the novel
COVID-19 outbreak, very little information is available about
the novel virus. Under this situation, in this study, we present-
ed the possible dependence between the infection within a
community and the temperature and UV index. By analyzing
the data up to 7th March 2020 by considering more than 80
locations comprising of a number of confirmed cases and
location-specific meteorological data, we showed that the
spread of the virus is strongly dependent on the temperature
and UV index. There is a very narrow temperature band of 3—

Fig. 4 Global map of the average

Number of Confirmed Cases
E§ 8 8 8 8

~
S

s

.

0 50 100 150
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for linear fit and R*=0.007 for squared fit). b Same as a but for
precipitation (N=285; R*=0.0002 for linear fit and R>=0.01 for
squared fit

12 °C where 90% of the total confirmed cases are agglomer-
ated. As can be seen from Fig. 4, major outbreaks across the
globe are located in the temperature areas lying in the range
consistent with our analysis. Most importantly, increase of the
UV index has also shown a decrease in the number of cases.
This is evident from the fact that the global UV index map
averaged over 5 days for representation purposes clearly
shows a relatively lower UV index for the most affected areas
(Fig. 5). This, in our opinion, is a very striking feature of our
findings and we believe that artificial UV radiation could be
one of the effective ways for sterilizing built-up environments
for reducing spread amongst the community. While we be-
lieve that we are not presenting any physiological evidences
for the decrease in community infections of COVID-19 due to
increase in temperature and UV index, we strongly believe
that this information could be very useful, particularly when
pharmaceutical interventions are not possible at this moment
to deal with the global crisis. It is important, however, to note

2m Temperature (°C)
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as of 9th March 2020 indicated by 60°N B o
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Fig. 5 Similar to Fig. 4 but

UV Index

representing the UV index and ] -
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Again, a very narrow band of UV 20°N
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that the information provided here is very preliminary and is
not based on any physiological studies involving either con-
firmed cases and/or viruses. We advise that preparedness and
other measures should take this study only for information
purposes and propose further detailed physiological studies.
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