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of COVID-19.

Herein it is proposed that sufficient exposure to sunlight (UVB) modulates host gene expression, offering pro-
tection against severe consequences of COVID-19. This could be in addition to sunlight (UVB)-mediated pro-
tection by directly inactivating the virus and limiting the viral load. It is suggested that inhibition of CCR2, DPP9,
HSPA1L, IFNAR2, OAS1, and TYK2 may, in part, explain UVB-mediated protection against severe consequences

Dear Editor,

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)-
induced coronavirus disease-2019, or commonly referred to as COVID-
19, led to a global pandemic in an unusually short time. The fierce na-
ture of COVID-19, which is evident by its high incidence and mortalities,
remains only partly explained. COVID-19 effects are non-specific,
ranging from severe forms that necessitate mechanical ventilation
and/or lead to death, or completely asymptomatic. Although the health
authorities have undertaken the strictest disease control measures,
including ‘stay home’ restriction to partial or complete lockdown. These
measures have led people to stay and work from home rendering total or
less than optimal exposure to sunlight. Notably, people who are staying
indoors appear to be affected by severe form of COVID-19 (Meo et al.,
2020; Geddes, 2020). In part, this is suggested to be linked with Vitamin
D deficiency (associated with limited sunlight UVB exposure) and
reduced immune pathways activation leading to severe COVID-19 (Meo
et al., 2020; Geddes, 2020; Ali, 2020). In contrast, it was reported that a
higher duration of sunlight exposure was significantly correlated to
health maintenance and speedy recovery in most of the COVID-19 pa-
tients (Asyary and Veruswati, 2020). Similarly, a highly significant and
positive correlation was found between sunlight exposure and lower
death rate due to COVID-19 (Whittemore, 2020). Another study as well,
hinted towards protective effects of the sunlight exposure by assessing
the relationship between COVID-19 mortality rate and the average
annual hours of sunshine reported by country’s national weather service
agency (Lansiaux et al., 2020). Herein, we discuss the involvement of

* Corresponding authors.

additional factors in sunlight (UVB)-mediated protection against severe
COVID-19. Using in silico analysis, for the first time, we propose that
UVB-induced genetic changes may also play a role in determining the
disease severity in COVID-19 patients.

Severe COVID-19 outcomes in hospitalized patients have been linked
with upregulation of CCR2, DPP9, IFNAR2, OAS1, and TYK2, while
HSPA1L expression has been reported to promote SARS-CoV-2 survival
in host cells through modulation of host epigenetic machinery
(Muhammad et al., 2021; Pairo-Castineira et al., 2020). Along with these
six genes, the upregulation of ACE2 and TMPRSS2 is also considered as a
severity marker. The expression of aforementioned genes was searched
in (i) lung autopsies of severe COVID-19 patients, (ii) lung autopsies of
uninfected individuals, and (iii) UVB radiation-induced gene expression
profiles in human cells. The publicly available transcriptomic datasets
from National Center for Biotechnology Information Gene Expression
Omnibus (https://www.ncbi.nlm.nih.gov/geo/) was used. The raw data
of gene expression profiles were downloaded and processed using R
statistical software. GSE150316 dataset was selected which included
transcriptomic expression profile obtained from lung autopsies of severe
COVID-19 patients. When lung autopsies of severe COVID-19 patients
and uninfected individuals were compared, it was observed that all eight
candidate genes showed a higher median expression in the lungs of se-
vere COVID-19 patients (Fig. 1A).

Furthermore, the GSE157824 dataset was selected to identify UVB
radiation-induced gene expression profiles in human cells. For UVB
radiation-induced gene expression profiles, more than 5000
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differentially expressed genes (DEGs) were identified (Fig. 1B). The data
were obtained from UVB-irradiation (91 IIIJ/CIIIZ) exposed to melano-
cytes using two UVB-lamps (each 9 W, at a distance of 21.7 cm) for 60 s
before being cultivated for 2 h. Out of 5000 genes, it was observed that
CCR2, DPP9, HSPA1L, IFNAR2, OAS1, and TYK2 were significantly
downregulated (Fig. 1C). Both OASI and HSPAIL are associated with
increased susceptibility to SARS-CoV-2 infection by promoting viral
replication and survival in the host cells. Similar to these observations,
an in vitro study reported inactivation and loss in viability of the SASR-
CoV-2 virus upon simulated sunlight exposure for 37 min in culture
media and 107 min in mucus (Sloan et al., 2021).

Furthermore, IFNAR2, CCR2, and TYK2 are the key regulators of
immune cell-mediated excessive inflammatory response in many viral
infections including COVID-19. Hence inhibition of aforementioned
genes may limit protection against severe consequences of COVID-19.
The role of DPP9 in COVID-19 is still uncharacterized, however it is
known to encode for dipeptidyl peptidases involved in immune regu-
lation (Ross et al., 2018), and its role in COVID-19 should be the subject
of future studies. The expression of ACE2 and TMPRSS2 was not
significantly different between UVB irradiated cells and severe
COVID-19. Taken together, these findings suggest that inhibition of
CCR2, DPP9, HSPA1L, IFNAR2, OAS1, and TYK2 may, in part, explain
UVB-mediated protection against severe consequences of COVID-19.
Other than modulating host gene expression, it is likely that sunlight
(UVB) offers protection by directly inactivating the virus and limiting
the viral load.

A Chinese study conducted using a nonlinear dose-response
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relationship between ambient temperature and virus transmissibility
suggested no significant associations of SARS-CoV-2 transmission with
temperature or levels of UV radiation (Yao et al., 2020). However, we
suggest that the association between COVID-19 severity and UVB
exposure is more complex and might have been overlooked due to study
limitations, such as a short study period and a nonlinear analytical
framework. Based on the genetic correlations evidenced in this study,
we propose that adequate exposure to sunlight may alleviate
COVID-19-induced severity especially among vulnerable populations
confined in long-term lockdown conditions. Also, creating an awareness
regarding the importance of sensible exposure to sunlight, while
adhering to other preventive measures such as face masks, and physical
distancing, is of utmost importance.
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Fig. 1. In silico analysis of expression array obtained from publicly available NCBI GEO databases. A. Heatmap showing relative mRNA expression (Fold Change)
from severe COVID-19 patients (n = 11) compared to healthy controls (n = 5), values shown represents “Median (Interquartile range)”. B. Volcano plot showing the
effect of UVB radiations on the genetic expression profile in human cells. C. Bar graphs showing relative mRNA expression of 8 candidate genes in UV-treated cell
(n = 4), versus the controls cells (n = 5). Data is presented a mean =+ SE in error bars.
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