Higher solar irradiance is associated with a lower incidence of COVID-19
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Abstract

We studied the relationship between the incidence of coronavirus disease 2019
(COVID-19), demographical, and climatological measurements in different regions
across the world. Lower solar irradiance and higher population density were
independent predictors of greater COVID-19 outbreaks. Further studies on the

potential protective effect of sunlight over COVID-19 are warranted.
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Introduction

The SARS-CoV-2 virus causes the coronavirus disease 2019 (COVID-19), with varying
degrees of iliness that include the frequent requirement of mechanical ventilation and
high mortality in the elderly. After the initial outbreak in China, it is now causing a
pandemic with severe economic and health consequences.! The key factors
influencing the spread of the new SARS-CoV-2 virus are mostly unknown.? The higher
incidence of COVID-19 cases in inland territories (e.g., Wuhan, Lombardy, Madrid), as
opposed to coastal territories, suggests that climatological factors might influence the
course of the pandemic. This is further supported by the seasonal nature of other
betacoronaviruses,® and by previous research showing that environmental variables,
such as high temperatures and high humidity, slowed the influenza spread.*
Accordingly, some have suggested that COVID-19 will subside with the warmer
weather expected in the Northern Hemisphere in the coming months,® while others
claim that the effect of increasing temperatures and humidity during the summer will
likely be modest, and not enough to stop transmission.® However, until now, the
potential utility of sunlight has been largely overlooked. Learning about the factors
influencing COVID-19 spreading could help anticipate the extent of its consequences

and guide governments in the design of mitigation measures worldwide.’

Here, we studied whether differences in the occurrence of COVID-19 disease are
associated with well-defined climatological factors, as well as population density. For
this purpose, we correlated the number of COVID-19 cases in the first weeks of the
epidemic in each country and region with matching geolocalized information on

climatological measurements in the same period.



Methods

Information on COVID-19

The datasets on the number of COVID-19 affected persons around the world were
obtained from the 2019 Novel Coronavirus COVID-19 (2019-nCoV) Data Repository by
Johns Hopkins CSSE and two additional repositories for Italy and Spain
(Supplementary materials). The pooled dataset contained geolocalization information
and time trends in the number of confirmed COVID-19 and fatalities for a total of 359
countries and regions of those countries with the highest numbers of cases (namely
China, Italy, USA, and Spain), as well as Canada and Australia. In order to account for
the effect of potential confounding factors not included in the analysis, each of the
studied areas was assigned a parent geographical location defined by the continent for
each country (Asia, Oceania, Europe, Africa, North America, and South America) and
the country for each region. After determining the date in which the number of
confirmed cases was > 10 for each of the studied regions, we defined the beginning of
the study period at day -7 to account for the incubation period of around one week and
prolonged it until day +30 or the day of the analysis (March 23, 2020) if shorter.! We
gathered information on population and density of each of the studied regions
(available in Wikipedia from several sources) and calculated the cumulative incidence

of COVID-19 /100,000 inhabitants during the study period.

Climatological measurements

We accessed the Weatherbit application-programming interface (weatherbit.io) to
compile geolocalized information on daily measures of the following weather variables:
average relative humidity (%); average dew point (Celsius); average, maximum and
minimum temperature (Celsius); average pressure (mb); average sea level pressure
(mb); average wind speed (m/s); wind gust speed (m/s); maximum 2-minute wind

speed (m/s); average wind direction (degrees); average cloud coverage (%);



accumulated precipitation (mm); accumulated snowfall (mm); snow depth (mm);
average diffuse horizontal solar irradiance (W/m?); average global horizontal solar

irradiance (W/m?); maximum ultraviolet (UV) index (0-11+).

Statistical analysis

We described the study variables through descriptive statistics and histograms. The
correlations between the primary outcome measure (incidence of COVID-19) and the
mean and variance of each physical variable during the study period were studied with
Spearman’s rho correlation because of the asymmetric distribution of the incidence of
COVID-19. The independent predictors of the (log-transformed) incidence of COVID-19
were tested with multiple linear regression analysis. The parent geographical location
was forced into the model (as dummy variables) in order to account for differentially
distributed factors likely to influence the course of the epidemic. Given the number of
correlation tests, Bonferroni’'s correction was applied, and p values < 0.0025 were
considered significant. We used Python 3.7.6 with the Numpy, Pandas, Matplotlib, and

Seaborn libraries for the analyses.

Results

The cumulative incidence of COVID-19 was highly variable across the world (median
6.4/100,000 inhabitants, IQR 0.4 — 48.3), and the median (IQR) case fatality rate during
the study period was 1% (0 — 3.5%). Population density (rho = 0.32) and all measures
of solar irradiance significantly correlated with the occurrence of COVID-19 (rho = -
0.41, -0.37 and -0.25 for global horizontal solar irradiance, diffuse horizontal solar
irradiance, and maximum UV index, respectively) (Figure, Table 1 and Figure in
Supplementary Materials). Other physical factors showing mild inverse correlations

with the incidence of COVID-19 were average (rho = -0.28), maximum (rho = -0.30)



and wind gust speed (rho = -0.30), average sea level pressure (rho = -0.21), and
accumulated precipitation (rho = -0.29). The case fatality rate was not associated with
any of the studied variables. The multiple linear regression model that included the
population density, the parent geographical location, and global horizontal solar
irradiance explained 70% of the variance in the differences in the incidence of COVID-
19 (as indicated by the R2). Both population density (p = 0.019) and global horizontal
solar irradiance (p = 0.027) were independent predictors of the cumulative incidence of

COVID-19, and the equation was as follows:

Incidence = 0.491 -0.003 irradiance + 0.001 density + individual  for each parent

geographical location (Table 2, Supplementary Materials).

Discussion

It is unclear how the COVID-19 pandemic will spread and whether it will have a
seasonal nature. Efforts to combat the growth of SARS-CoV-2 are ubiquitous and
rather overwhelming, from mandatory quarantines to imposed house

confinement. Evidence from previous studies in other viral diseases, such as influenza,
suggests that temperature or humidity may have only limited influence on the spread of
COVID-19 throughout the world.® Our results show that the influence of ultraviolet
radiation may be more important than any other climatological factor in determining the

spread of COVID-19 disease.

UVB radiation from sunlight (the primary source of UV radiation) is the principal
environmentally effective virucide, several orders of magnitude more relevant than
other primary physical factors, such as temperature and relative humidity. Moreover,
inactivation of viruses in the environment by solar UV radiation plays a role in the

seasonal occurrence of influenza pandemics.?® There is evidence on the



environmental contamination as a potential medium of transmission of SARS-CoV-2,
as it seems to remain active on the surface of different materials for several hours to
days?, thus higher solar radiation may help inactivate the virus. We found that higher
variance on the weather variables that protected from COVID-19 was associated with a
higher incidence of the disease. This was especially apparent for measurements of
solar irradiance, suggesting that prolonged exposure to UV radiation may be needed
for its protective effect. In addition to the potential virucidal effect of UV radiation, it also
modulates host immunity against viral infections, both directly activating the innate
immune response and controlling vitamin D production, which in turn harbor positive

immune effects.1°

However, the relationship between higher UV radiation and reduced incidence of
COVID-19 was modest, and the independent association between population density
and incidence of COVID-19 highlighted the risks of close interpersonal contacts during
the epidemic and the need for social distancing measures to prevent its growth.
Previous studies have shown that, in addition to population density, crowding may
influence the intensity of viral epidemics like influenza and also COVID-19 as well.112
The significant contribution of the geographic location over the incidence of COVID-19
suggests that several factors not included in our analysis may have been crucial for the
variability in the transmission of the disease. These may include patterns of mobility of
the population or different preventive measures in each country. Besides not being
able to study every factor influencing the spread of the disease, the primary limitation
of this analysis is its observational design, requiring further studies on the effects of
environmental factors on COVID-19 transmission to confirm these findings. Varying
diagnostic efficiency across countries may result in inaccurate quantification of the
number of infected individuals. Finally, the limited accuracy of the co-localization of the
weather information may have resulted in underestimating the magnitude of the

associations described here.



Conclusions

We show a significant association of the incidence of COVID-19 and both reduced
solar irradiance and increased population density. These results highlight the sterilizing
properties of ultraviolet radiation and suggest that, even if not sufficient on its own,
increasing sunlight exposure in the upcoming weeks may help flatten the epidemic.
Further studies on the potential protective effect of sunlight over COVID-19 will be
needed to study the effect of changes in weather conditions in the next months on the
spread of COVID-19, and to ascertain whether UV radiation may have a meaningful

protective effect on the disease.



Acknowledgments

Xabier Urra is sponsored by the Instituto de Salud Carlos Ill, reference number
INT19/00020, and by the European Social Fund «The ESF — Investing in your future».
Mar Guasp is a recipient of a Resident Award “Josep Font”, granted by Hospital Clinic

de Barcelona, Research, Innovation, and Education Departments.

Author disclosures

Mar Guasp reports no disclosures.
Carlos Laredo reports no disclosures.

Xabier Urra reports no disclosures.



References

1. Li Q, Guan X, Wu P, et al. Early Transmission Dynamics in Wuhan, China, of
Novel Coronavirus—Infected Pneumonia. N Engl J Med 2020; 382:1199-207.

doi:10.1056/nejmoa2001316

2. Anderson RM, Heesterbeek H, Klinkenberg D, Hollingsworth TD. How will
country-based mitigation measures influence the course of the COVID-19

epidemic? Lancet 2020; 395:931-4. doi:10.1016/S0140-6736(20)30567-5

3. Killerby ME, Biggs HM, Haynes A, et al. Human coronavirus circulation in the
United States 2014-2017. J Clin Virol 2018; 101:52-6.

doi:10.1016/).jcv.2018.01.019

4, Lowen AC, Mubareka S, Steel J, Palese P. Influenza virus transmission is
dependent on relative humidity and temperature. PLoS Pathog 2007; 3:1470-6.

doi:10.1371/journal.ppat.0030151

5. Neher RA, Dyrdak R, Druelle V, Hodcroft EB, Albert J. Potential impact of
seasonal forcing on a SARS-CoV-2 pandemic. Swiss Med WKkly 2020;

150:w20224. doi:10.4414/smw.2020.20224

6. Luo W, Majumder MS, Liu D, et al. The role of absolute humidity on transmission
rates of the COVID-19 outbreak. medRxiv. 2020.

doi:10.1101/2020.02.12.20022467

7. Wu JT, Leung K, Leung GM. Nowcasting and forecasting the potential domestic
and international spread of the 2019-nCoV outbreak originating in Wuhan,
China: a modelling study. Lancet 2020; 395:689-97. d0i:10.1016/S0140-

6736(20)30260-9

8. Sutton D, Aldous EW, Warren CJ, Fuller CM, Alexander DJ, Brown IH.



10.

11.

12.

Inactivation of the infectivity of two highly pathogenic avian influenza viruses and
a virulent Newcastle disease virus by ultraviolet radiation. Avian Pathol 2013;

42:566-568. doi:10.1080/03079457.2013.853867

Sagripanti JL, Lytle CD. Inactivation of influenza virus by solar radiation.

Photochem Photobiol 2007; 83:1278-82. doi:10.1111/}.1751-1097.2007.00177.x

Abhimanyu, Coussens AK. The role of UV radiation and Vitamin D in the
seasonality and outcomes of infectious disease. Photochem Photobiol Sci 2017;

16:314-38. d0i:10.1039/c6pp00355a

Rader B, Scarpino S, Nande A, et al. Crowding and the epidemic intensity of
COVID-19 transmission. medRxiv. 2020:2020.04.15.20064980.

doi:10.1101/2020.04.15.20064980

Dalziel BD, Kissler S, Gog JR, et al. Urbanization and humidity shape the
intensity of influenza epidemics in U.S. cities. Science 2018; 362:75-9.

doi:10.1126/science.aat6030



Figure legend

A: Pairplot including the measures of solar irradiance, parent geographical location,
population density and incidence of COVID-19 (per 100,000 inhabitants). The figure
shows scatter plots for each pair of variables, and the diagonal axis shows the
univariate distribution of the variable in that column. B: Heatmap with clustering
analysis according to correlation information. In addition to parent geographical
location, population density is positively correlated with the incidence of COVID-19,
while measures of solar irradiation show negative correlations. Note that the three
measures of solar irradiation are highly correlated each other. Max_UV: maximum
ultraviolet index; GHI: average global horizontal solar irradiance; DHI: average diffuse
horizontal solar irradiance; Log_Incidence: logarithmic transformation of the cumulative

incidence of COVID-19; GeographicalRegion: parent geographical location.
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