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ABSTRACT

Background: This review aims to assess the contributing role of sunlight on mitigating the propaga-
tion of COVID-19, and to assess how sunlight as well as artificial UV light may be a natural, more 
cost effective and eco-friendly method of disinfection which can be implemented in order to help 
to combat this rampant pandemic.

Methods: An extensive literature survey of English literature was conducted using Pubmed, 
Pubmed Central, Medline, Google Scholar and WHO Nepal Situation Updates on COVID-19. A 
combination of keywords was entered: “Sunlight” OR “Disinfection”; OR “Ultraviolet Rays”; OR 
“SARS-CoV-2”; OR “Coronavirus Disease 2019”; OR “COVID 19”; AND ‘Nepal’.

Results:  Sunlight is composed of UVA (95%) and UVB (5%) radiation, UVB is most effective to inac-
tivate SARS-CoV-2 and does so by damaging the RNA genome of the virus, and increasing levels of 
reactive oxygen species in the air. SARS-CoV-2 is nullified by a UVB flux of 28 J/m2, and needs to be 
exposed for a sufficient duration depending on the time of day, season, geographic location or the 
specific locality, in order to be inactivated. 

Conclusion: Developing countries could benefit from taking advantage of using sunlight as a cost-
free and environmentally friendly method of disinfection. It is imperative that all countries capital-
ize on this method of disinfection, it is cost-free, easy and therefore can be implemented on a large 
scale with relative ease.
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INTRODUCTION

The SARS-CoV-2 virus was first identified in China.1 Today this 
tenacious virus has led to millions of infections and deaths 
worldwide.2 The modes of transmission include spreading 
via respiratory droplets, aerosols, and direct contact.3-4 It is at 
these levels that an intervention could assist in breaking the 
vicious cycle of SARS-CoV-2.5 Environmental factors such as 
temperature, humidity, and sunlight influence the persistence of 
SARS-CoV-2.6 This review aimed to discuss the contributing role 
of sunlight on mitigating the propagation of COVID-19, and how 
artificial UV light and sunlight may be used as a disinfectant in 
order to help combat this pandemic.

METHODS

A thorough in-depth search was performed using Pubmed, 
Pubmed Central, Medline, Google Scholar, Embase and WHO 
Nepal Situation Updates on COVID-19 databases. A combination 
of keywords was entered: “Sunlight” OR “Disinfection”; OR 
“Ultraviolet Rays”; OR “SARS-CoV-2”; OR “Coronavirus Disease 
2019”; OR “COVID 19”; AND ‘Nepal’. All of the related articles 
published in the respective were considered for this review. 

RESULT

Humidity, temperature and SARS-CoV-2

The environmental forces which affect the survival of SARS-CoV-2 
which are of interest to this study are: temperature, humidity and 
sunlight.6 The degree to which each environmental factor plays a 
role must be delineated in order to identify how sunlight might 
influence the propagation of this pandemic. In a study conducted 
by Carleton T et al. reported that UV radiation reduces COVID-19 
growth rates, significantly more than temperature or humidity.7 

These findings were supported by another study conducted 
by Kormuth KA et al, wherein the Influenza A virus ( also a 
respiratory virus) was equivocally infectious at various levels 
of relative humidity’s tested, ranging between 23% to 98%.8  

Epidemiological studies have concluded that in winter, there was 
indeed an increase in mortality caused by influenza, however 
this increase was not entirely dependent on temperature and 
humidity, but may also be attributed to lifestyle changes, such 
as remaining indoors, for longer periods in a more crowded 
environment, leading to a higher transmission rate.9, 10

Sunight and COVID-19 pandemic
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Ultraviolet radiation derived from Sunlight has been 
demonstrated to be the most potent viricidal and germicidal 
physical element in the natural environment.11-12 Although 
population size, public health and control measures play a 
significant role in the nature of the global spread of COVID, the 
environmental role of solar exposure, has been postulated to 
be a major benefactor in the persistence of COVID-19 in the 
Northern latitudes, where it spread rapidly during the winter of 
2019-2020, and relatively lower COVID-19 cases were recorded 
in the  Southerly latitudes which receive a greater amount of 
solar radiation during the same time period.13

Sunlight - it’s composition

Sunlight can be described as a spectrum of light divided into: 
UVA (315-400nm), UVB (280-315 nm) and UVC (100-280nm) 
radiation.14 However, the bandwidth of UV light which reaches 
the surface earth (terrestrial UV), is comprised of UVA (95%) 
and UVB (5%) only.14 The remainder of the radiation is blocked 
by oxygen and atmosphere, which is in fact beneficial as UVC 
(although a potent viricidal agent) is known to have potential 
phototoxic effects.15

Sunlight and photoinactivation

Photoinactivation of viruses by ultraviolet light has the following 
mechanism: ultraviolet light breaks the bonds of pathogens 
(bacteria, protozoa, all viruses) and forms photodiameric lesions 
in both RNA and DNA.16 This damages the genome of the 
pathogen permanently.17 Transcription and replication of the 
virus is not possible, and inevitably, the inactivation of the virus 
occurs.18 More specifically, direct UV damage occurs when UV 
light is between 200-300 nm.19, 20

UV radiation has an antiviral impact based on the formation 
of reactive oxygen species (ROS) and O3 leading to a reduced 
viability of aerosolized SARS-CoV-2 in the air.21, 22

UV sensitivity of SARS-CoV-2

UVC is a widely used germicide for all viruses, and furthermore, 
studies have been conducted to demonstrate its effect on SARS-
CoV-2.23 It was demonstrated that germicidal artificial UVC 
light (which is not a component of natural terrestrial light) did 
indeed inactivate this virus.24-28 The effects of naturally occurring 
sunlight (containing 95% UVA and 5% UVB), were researched 
for the first time in July 2020 by the American study at the 
National Biodefense Analysis and Counter measures Centre 
(Ratnesar-Shumate, et al) where SARS-CoV-2 was demonstrated 
to be inactivated by simulated sunlight.29 In this study 90% of 
the infectious virions in artificial saliva were inactivated every 
6-8 minutes, when allowed to dry on a surface made of steel, 
or when aerosolized or when exposed to sunlight representative 
to that of  the 40°N latitude during its summer solstice.29 This 
information unlocks a plethora of possibilities for sunlight, a 
naturally occurring element, to be used as a sanitary measure to 
combat this rampant pandemic.

The UV dose needs to be sufficient to render the SARS-CoV-2 
virus inept which is surrounded by materials in aerosols created 

by COVID-19 patients which has been shown to shield the virus 
from UV.29-32 The amount of UVB flux from the sun required for 
99% inactivation of SARS-CoV2 is 28J/m2; and thus SARS-CoV-
2’s UV sensitivity was calculated to be D1, which corresponds to 
the amount UV fluence that creates one lethal hit to the virus, 
resulting in 1% survival.33 

Sunlight exposure: duration required for viral inactivation

For natural solar exposure to meet the viricidal UV dose 
requirement, SARS-CoV2 needs to be exposed to the sun for 
varying amounts of time, depending on the time of day, season, 
cloud coverage, air pollution, latitudes and geographic location.33  

Time of day: 35% of the daily UVB exposure occurs in a period 
lasting 120 mins around noon, and this is therefore the best time 
of the day for viral inactivation to be achieved.34 

Geographical location: The ‘noon time UVB flux’ however, 
has varying values (measured in J/m2/min) depending on the 
geographical location of the area and it’s  latitudes in relation 
to the equator; this has been quantified by a study conducted 
in the United States.33 It states that Miami (latitude 25.8○N), 
experienced more solar flux (0.51/14 J/m2/min), than Seattle 
(latitude: 47.6○N, solar flux: 0.26/27), or other cities with similar 
latitudes, at the same time of the year (during the Summer 
Solstice).33

Season of the year: The same study notes that in winter, most 
cities in the United States did not receive an adequate dose of  
sufficient solar radiation to allow for the viral inactivation to 
reach 90%, during the 120 minute noon period, and therefore a 
longer amount of solar exposure time would be required during 
winter for successful photoinactivation of the virus.33  On the 
other hand, during the summer solstice, most United States 
cities received enough UVB flux for 90-99% inactivation of the 
virus to be achieved after only 11-34 minutes of exposure to the 
2 hour midday sun.33 

Atmospheric interference: air pollution, cloud coverage, and 
haze, will also lead to the need for a longer viricidal sun exposure 
duration, as these factors will reduce exposure to antiviral UV 
radiations due to the increased opacity of particles suspended in 
the air as when compared to a clear day.35

It can therefore be concluded, that in order to use natural 
sunlight effectively as a viricidal tool against SARS-CoV-2, and 
for the viricidal solar exposure dose to be met, the duration of 
sun exposure must be appropriate to that particular time and 
place.33

Artificial UV light as a disinfectant method

Artificial UV lights are designed to emit UVC radiation which has 
a higher viricidal activity than that of natural  sunlight (95% UVA 
and 5% UVB) leading to a greater likelihood of viral inactivation; 
this is demonstrated in a study where UVC from a Light Emitting 
Diode very rapidly inactivated >99% of SARS-CoV-2 virions within 
ten seconds.36 Artificial UV lights are also not subject to the same 
environmental variations as solar UV exposure, and can therefore 
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be used at any time of the day, or during low UV environments, 
such as European cities around the winter solstice33. Additionally, 
the amount and duration of UV radiation emitted from Artificial 
UV lights can be more accurately measured compared to the 
ever changing nature of solar UVR which can vary according 
to atmospheric interferences.35Another advantage is their 
portability and affordability, which makes them available for use 
at home as well as in hospitals in order to inactivate the virus in 
fomites, for example: food37, medical equipment (phototherapy 
units)38, technological devices (phones) 39, medical air 40, masks/ 
N95 respirators and other equipment 41- 42 and hospital waste/
waste water. 43 The general consensus being that artificial UV light 
(in the correct dose), can be relied upon as an effective viricidal 
tool to inactivate SARS-CoV-2 in this COVID-19 pandemic.44

Sunlight versus Artificial UVC light as a disinfectant

The downfall of artificial UVC lights however, are their potential 
phototoxic effects, which are of concern especially when used 
by untrained consumers at the home.45 Furthermore, accidental 
skin damage has also been reported in hospital settings by 
experienced users, as a consequence of UV disinfection of N95 
respirators.46 The N95 respirators have also been shown to have 
decreased usability  and integrity after repeated disinfection 
by artificial UVC lights.47 Solar UV light on the other hand, has 
a lower phototoxic effect than UVC.45 Solar UV radiation, when 
in adequate amount for viricidal effect, is an environmentally 
friendly, naturally occurring, cost-free disinfectant, which exerts 
it’s viricidal effect over the entire outdoor environment.48

Sunlight as potential mitigating factor for pathogens on human 
skin 

Sunlight should not be relied upon as a sanitizer for human skin, 
as the skin surface area would need to be exposed to the sun 
without sunblock for the required viral inactivation time on a 
daily basis, and overexposure to the sun can cause sunburn, 
skin cancers, eye diseases, and reactivation of persisting viruses 
such as herpes simplex virus 1. 49- 51 However exposure to the 
sun within the recommended amounts can have immune 
boosting and health promoting effects such as Vitamin D 
activation,52which releases nitric oxide53 as well as activates 
molecules which affect the neuro-endocrine pathways,55 activate 
molecules that mediate anti-inflammatory effects,56 lower LDL-
cholesterol levels 57, and improve cardiometabolic functions. 58-

59 Therefore, these mediators could ultimately aid in preventing 
COVID-19 infections.59   Spending time in the outdoors and sun 
exposed areas usually have more air convection than stagnant 
air indoors, which reduces the risk of transmission significantly.60 

It has been highlighted in some research papers that the isolation 
and strict ‘in house’ lockdown measures where healthy people 
have less exposure to the sun, has not caused a significant 
and relevant decrease in infections per million inhabitants as 
opposed to settings where healthy persons were exposed to 
natural sunlight radiation.61

Although some studies show that UV-C is virucidal, [11] WHO has 
stated that there is not enough evidence to prove that exposure 

to a temperature higher than 25°C and sunlight kills SARS-CoV-2; 

62 this suggests that further research needs to be done in this 
field. It is also important to mention, that a great complication 
of using sunlight as a mitigating factor for COVID-19 on human 
skin or fomites, is the fact that the measurement of adequate 
amounts and necessary virucidal UV dosage will be difficult on 
an individual basis.

Solar radiation in Nepal

Nepal, a developing country, which could benefit from using 
sunlight as a sanitary measure to assist in combatting COVID-19.  
Nepal is located in the Southern Himalayas and has varying 
altitudes (100m in the south and 8,848.86 m in the northern 
part), as well as a varying amount of solar radiation across 
seasons. In winter the mean daily erythemal dose varied 
between 2.1 and 3.6 kJ/m2, and in summer it varied between 4.6 
and 9.7/m2 this was calculated using the Total Ozone Mapping 
Spectrometer (TOMS) between 1996 and 2003.61 

Timeline of COVID-19 in Nepal and seasons

The first case was recorded in January of 2020 after which 
the virus took 4 months to increase to a total of 100 cases 
(May,7,2020) and thereafter a short duration of twenty days 
to reach a total of 1000 cases.61 The amount of daily new cases 
peaked during the low UV exposure winter period of 2020; in 
mid-October to mid-November where the daily new cases were 
at their highest, ranging between 1400 - 5 743.63 The daily new 
cases during the higher UV exposure Spring period after March 
2021, decreased to a range of 46 -167. 64

Implementation of Solar exposure as preventative measure 
for COVID

Nepal has limited resources to allocate to medical infrastructure 
and care. The effective harnessing of natural sunlight would 
not only be an economical means of inactivating SARS-CoV-2 in 
Nepal, but would also help decrease the spread of the virus, thus 
decreasing the burden of new cases on the medical system. This 
would be particularly effective during summer, where the mean 
daily erythemal dose is 2.2-2.7 times higher than that in winter.64  

In winter, a combination of both artificial UVC lights (used with 
caution both at home and in the hospital), and natural sunlight 
when available, could be used as a disinfectant for fomites. 
Additionally, if there is high rainfall and cloud coverage during the 
summer months (which is expected in Nepal) 65, then artificial 
UV-C lamps can be used as an alternative to Sunlight exposure. 

CONCLUSION

Humidity and temperature were found to have a lower influential 
role on SARS-CoV-2 survival outdoors as when compared to 
Solar UV radiation, which is the most viricidal physical element 
in the environment. Sunlight exerts its effect by damaging the 
RNA genome of the virus, preventing its replication, and leading 
to its inactivation. It also increases the level of reactive oxygen 
species in the air which could inactivate aerosolized suspended 
viral particles. 
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SARS-Cov-2 was demonstrated to be UVC sensitive while in 
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are being treated. 

Sunlight would be best used as a disinfection for fomites, but 
should not be relied upon as a sanitizer for human skin, as 
overexposure would have adverse effects.  However controlled 
exposure to the sun has been demonstrated to boost individual 
immunity, suggesting that less severe lockdowns where healthy 
individuals are allowed to spend time outdoors, could be 
beneficial. 

Expert opinion

Sunlight and UV exposure could be implemented as a sanitary 

measure globally, especially in higher UV environments. Where 
possible, persons having the facility to do so on their premises 
whether at home or at work, could be asked to expose fomites 
for sanitisation outdoors, in the 2-hour midday sun period, as 
a means of disinfection. For those not having such facilities, 
perhaps local authorities could propose a secure outdoor 
sanitising station for the use by its residents. Furthermore, 
people should be encouraged to spend time outdoors in the 
sun in a controlled manner to benefit from its immune boosting 
effects. 

In its struggle to contain COVID-19, humankind has made great 
strides in the scientific field, in the rapid sequencing of the 
COVID genome and in the speed of development of vaccines. 
But a concerted effort is going to have to be made on all fronts, 
such as using the environment to our benefit, and being creative 
in our organisational abilities in fighting against the spread 
of this virus.  The sun and the beneficial effects of sunlight, a 
powerful source of energy and a proven natural sanitiser, should 
be harnessed, and included in humankind’s arsenal of tools 
in combatting this worldwide pandemic. It is imperative that 
all countries first world and third world alike capitalize on this 
method of sanitization, it is cost-free, easy and therefore can be 
implemented on a large scale with relative ease.

https://doi.org/10.1016/j.meegid.2020.104384
https://www.worldometers.info/coronavirus/
https://doi.org/10.3201/eid2607.200885
https://doi.org/10.1016/j.ijsu.2020.02.034 
https://doi.org/10.1056/NEJMc2004973 
https://doi.org/10.1001/jama.2020.3227 
https://doi.org/10.1080/02786826.2020.1829536
https://doi.org/10.1073/pnas.2012370118 
https://doi.org/10.1093/infdis/jiy221
https://doi.org/10.1093/ije/12.3.344 
https://doi.org/10.1093/aje/kwh227
https://doi.org/10.1080/15459620701329012 
https://doi.org/10.1128/JVI.79.22.14244-14252.2005
https://doi.org/10.1093/cid/ciaa575 
https://doi.org/10.3389/fcvm.2020.616527 
https://doi.org/10.3205/dgkh000343  
https://doi.org/10.1007/978-94-009-4103-8_11
https://doi.org/10.1016/1011-1344(92)85135-H 
https://doi.org/10.1093/nar/24.8.1578 
https://doi.org/10.1111/j.1751-1097.1987.tb07881.x


JCMC/ Vol 11/ No. 3/ Issue 37/ Jul- Sept, 2021130 ISSN 2091-2889 (Online) ISSN 2091-2412 (Print)

21.	 Besaratinia A, Yoon JI, Schroeder C, Bradforth SE, Cockburn M, Pfeifer GP. 
Wavelength dependence of ultraviolet radiation‐induced DNA damage 
as determined by laser irradiation suggests that cyclobutane pyrimidine 
dimers are the principal DNA lesions produced by terrestrial sunlight. The 
FASEB Journal. 2011 Sep;25(9):3079-91. [DOI]

22.	 Cantwell RE, Hofmann R, Templeton MR. Interactions between humic 
matter and bacteria when disinfecting water with UV light. Journal of ap-
plied microbiology. 2008 Jul;105(1):25-35. [DOI]

23.	 Yao Y, Pan J, Liu Z, Meng X, Wang W, Kan H, et al. No association of COV-
ID-19 transmission with temperature or UV radiation in Chinese cities. 
European Respiratory Journal. 2020 May 1;55(5). [DOI]

24.	 Duan SM, Zhao XS, Wen RF, Huang JJ, Pi GH, Zhang SX, et al. Stability of 
SARS coronavirus in human specimens and environment and its sensitivi-
ty to heating and UV irradiation. Biomed Environ Sci. 2003 Sep;16(3):246-
55. [PMID]

25.	 Kariwa H, Fujii N, Takashima I. Inactivation of SARS coronavirus by means 
of povidone-iodine, physical conditions, and chemical reagents. Jpn J Vet 
Res. 2004 Nov;52(3):105-12.[PMID]

26.	 Darnell ME, Subbarao K, Feinstone SM, Taylor DR. Inactivation of the 
coronavirus that induces severe acute respiratory syndrome, SARS-CoV. 
Journal of virological methods. 2004 Oct 1;121(1):85-91. [DOI]

27.	 Darnell ME, Taylor DR. Evaluation of inactivation methods for severe 
acute respiratory syndrome coronavirus in noncellular blood products. 
Transfusion. 2006 Oct;46(10):1770-7. [DOI]

28.	 Eickmann M, Gravemann U, Handke W, Tolksdorf F, Reichenberg S, Müller 
TH, et al. Inactivation of Ebola virus and Middle East respiratory syn-
drome coronavirus in platelet concentrates and plasma by ultraviolet C 
light and methylene blue plus visible light, respectively. Transfusion. 2018 
Sep;58(9):2202-7. [DOI]

29.	 Eickmann M, Gravemann U, Handke W, Tolksdorf F, Reichenberg S, Müller 
TH, et al. Inactivation of three emerging viruses-severe acute respiratory 
syndrome coronavirus, Crimean-Congo haemorrhagic fever virus and Ni-
pah virus-in platelet concentrates by ultraviolet C light and in plasma by 
methylene blue plus visible light. Vox sanguinis. 2020 Apr;115(3):146-51.
[DOI]

30.	 Ratnesar-Shumate S, Williams G, Green B, Krause M, Holland B, Wood S, 
Bohannon J, Boydston J, Freeburger D, Hooper I, Beck K, Yeager J, Altamu-
ra LA, Biryukov J, Yolitz J, Schuit M, Wahl V, Hevey M, Dabisch P. Simulated 
Sunlight Rapidly Inactivates SARS-CoV-2 on Surfaces. J Infect Dis. 2020 
Jun 29;222(2):214-222. [DOI]

31.	 Sagripanti JL, Lytle CD. Sensitivity to ultraviolet radiation of Lassa, vac-
cinia, and Ebola viruses dried on surfaces. Archives of virology. 2011 
Mar;156(3):489-94. [DOI]

32.	 Walker CM, Ko G. Effect of ultraviolet germicidal irradiation on viral aero-
sols. Environ Sci Technol. 2007 Aug 1;41(15):5460-5. [DOI]

33.	 Budowsky EI, Bresler SE, Friedman EA, Zheleznova NV. Principles of selec-
tive inactivation of viral genome. Archives of virology. 1981 Sep 1;68(3-
4):239-47. [DOI]

34.	 Sagripanti JL, Lytle CD. Estimated inactivation of coronaviruses by solar 
radiation with special reference to COVID‐19. Photochemistry and pho-
tobiology. 2020 Jul;96(4):731-7.[DOI]

35.	 Sagripanti JL, Levy A, Robertson J, Merritt A, Inglis TJ. Inactivation of viru-
lent Burkholderia pseudomallei by sunlight. Photochemistry and photo-
biology. 2009 Jul;85(4):978-86. [DOI]

36.	 Bourdrel T, Annesi-Maesano I, Alahmad B, Maesano CN, Bind MA. The 
impact of outdoor air pollution on COVID-19: a review of evidence from 
in vitro, animal, and human studies. European Respiratory Review. 2021 
Mar 31;30(159). [DOI]

37.	 Inagaki H, Saito A, Sugiyama H, Okabayashi T, Fujimoto S. Rapid inactiva-

tion of SARS-CoV-2 with deep-UV LED irradiation. Emerging Microbes & 
Infections. 2020 Jan 1;9(1):1744-7.[DOI]

38.	 Debnath S. Low cost homemade system to disinfect food items from 
SARS-CoV-2. Journal of Medical Systems. 2020 Jul;44:1-2.[DOI]

39.	 Lim HW, Feldman SR, Van Voorhees AS, Gelfand JM. Recommendations 
for phototherapy during the COVID-19 pandemic. Journal of the Ameri-
can Academy of Dermatology. 2020 Jul 1;83(1):287-8. [DOI]

40.	 Malhotra S, Wlodarczyk J, Kuo C, Ngo C, Glucoft M, Sumulong I, et al. 
Shining a light on the pathogenicity of health care providers’ mobile 
phones: Use of a novel ultraviolet-C wave disinfection device. American 
journal of infection control. 2020 Nov 1;48(11):1370-4. [DOI]

41.	 Ren Y, Li L, Jia YM. New Method to Reduce COVID-19 Transmission-The 
Need for Medical Air Disinfection is Now. Journal of Medical Systems. 
2020 Jul;44(7):1-2. [DOI]

42.	 Hamzavi IH, Lyons AB, Kohli I, Narla S, Parks-Miller A, Gelfand JM, et al. 
Ultraviolet germicidal irradiation: Possible method for respirator disin-
fection to facilitate reuse during the COVID-19 pandemic. Journal of the 
American Academy of Dermatology. 2020 Jun 1;82(6):1511-2. [DOI]

43.	 Narla S, Lyons AB, Kohli I, Torres AE, Parks‐Miller A, Ozog DM, Hamzavi 
IH, et al. The importance of the minimum dosage necessary for UVC de-
contamination of N95 respirators during the COVID‐19 pandemic. Photo-
dermatology, photoimmunology & photomedicine. 2020 Jul;36(4):324-5.
[DOI]

44.	 Wang J, Shen J, Ye D, Yan X, Zhang Y, Yang W, et al. Disinfection technology 
of hospital wastes and wastewater: Suggestions for disinfection strategy 
during coronavirus Disease 2019 (COVID-19) pandemic in China. Environ-
mental pollution. 2020 Apr 24:114665. [DOI]

45.	 Chang L, Yan Y, Wang L. Coronavirus Disease 2019: Coronaviruses and 
Blood Safety. Transfus Med Rev. 2020 Apr;34(2):75-80. [DOI]

46.	 Leung KC, Ko TC. Improper Use of the Germicidal Range Ultraviolet Lamp 
for Household Disinfection Leading to Phototoxicity in COVID-19 Sus-
pects. Cornea. 2021 Jan 1;40(1):121-2.[DOI] 

47.	 Lyons AB, Hamzavi IH. Ultraviolet C‐induced skin reaction from ultravi-
olet germicidal irradiation of N95 respirators during the COVID‐19 pan-
demic. Photodermatology, photoimmunology & photomedicine. 2021 
Mar;37(2):159-60.[DOI]

48.	 Rodriguez-Martinez CE, Sossa-Briceño MP, Cortés-Luna JA. Decontamina-
tion and reuse of N95 filtering facemask respirators: a systematic review 
of the literature. American journal of infection control. 2020 Jul 8.[DOI]

49.	 Herman J, Biegel B, Huang L. Inactivation times from 290 to 315 nm UVB 
in sunlight for SARS coronaviruses CoV and CoV-2 using OMI satellite data 
for the sunlit Earth. Air Quality, Atmosphere & Health. 2020 Sep 15:1-7.
[DOI]

50.	 Lucas RM, Yazar S, Young AR, Norval M, De Gruijl FR, Takizawa Y, et al. 
Human health in relation to exposure to solar ultraviolet radiation under 
changing stratospheric ozone and climate. Photochemical & Photobio-
logical Sciences. 2019;18(3):641-80. [DOI]

51.	 Lucas RM, Norval M, Neale RE, Young AR, De Gruijl FR, Takizawa Y, et al. 
The consequences for human health of stratospheric ozone depletion in 
association with other environmental factors. Photochemical & Photobi-
ological Sciences. 2015;14(1):53-87.[DOI]

52.	 Norval M, Lucas RM, Cullen AP, De Gruijl FR, Longstreth J, Takiza-
wa Y, et al. The human health effects of ozone depletion and interac-
tions with climate change. Photochemical & Photobiological Sciences. 
2011;10(2):199-225. [DOI]

53.	 Carter SJ, Baranauskas MN, Fly AD. Considerations for obesity, vitamin 
D, and physical activity amid the COVID‐19 pandemic. Obesity. 2020 
Jul;28(7):1176-7. [DOI]

54.	 Geldenhuys S, Hart PH, Endersby R, Jacoby P, Feelisch M, Weller RB, et al. 

https://doi.org/10.1096/fj.11-187336 
https://doi.org/10.1111/j.1365-2672.2007.03714.x 
https://doi.org/10.1183/13993003.00517-2020 
https://pubmed.ncbi.nlm.nih.gov/14631830/
https://pubmed.ncbi.nlm.nih.gov/15631008/
https://doi.org/10.1016/j.jviromet.2004.06.006 
https://doi.org/10.1111/j.1537-2995.2006.00976.x 
https://doi.org/10.1111/trf.14652
https://doi.org/10.1111/vox.12888
https://doi.org/10.1093/infdis/jiaa274
https://doi.org/10.1007/s00705-010-0847-1
https://doi.org/10.1021/es070056u
https://doi.org/10.1007/BF01314577
https://doi.org/10.1111/php.13293
https://doi.org/10.1111/j.1751-1097.2008.00518.x 
https://doi.org/10.1183/16000617.0242-2020
https://doi.org/10.1080/22221751.2020.1796529 
https://doi.org/10.1007/s10916-020-01594-7 
https://doi.org/10.1016/j.jaad.2020.04.091 
https://doi.org/10.1016/j.ajic.2020.05.040 
https://doi.org/10.1007/s10916-020-01585-8
https://doi.org/10.1016/j.jaad.2020.03.085 
https://doi.org/10.1111/phpp.12562
https://doi.org/10.1016/j.envpol.2020.114665 
https://doi.org/10.1016/j.tmrv.2020.02.003 
https://doi.org/10.1097/ICO.0000000000002397  
https://doi.org/10.1111/phpp.12612 
https://doi.org/10.1016/j.ajic.2020.07.004 
https://doi.org/10.1007/s11869-020-00927-2
https://doi.org/10.1039/C8PP90060D 
https://doi.org/10.1039/C4PP90033B 
https://doi.org/10.1039/c0pp90044c
https://doi.org/10.1002/oby.22838


JCMC/ Vol 11/ No. 3/ Issue 37/ Jul- Sept, 2021 131ISSN 2091-2889 (Online) ISSN 2091-2412 (Print)

Ultraviolet radiation suppresses obesity and symptoms of metabolic syn-
drome independently of vitamin D in mice fed a high-fat diet. Diabetes. 
2014 Nov 1;63(11):3759-69. [DOI]

55.	 Liu D, Fernandez BO, Hamilton A, Lang NN, Gallagher JM, Newby DE, et al. 
UVA irradiation of human skin vasodilates arterial vasculature and lowers 
blood pressure independently of nitric oxide synthase. Journal of Investi-
gative Dermatology. 2014 Jul 1;134(7):1839-46. [DOI]

56.	 Slominski AT, Zmijewski MA, Plonka PM, Szaflarski JP, Paus R. How UV 
Light Touches the Brain and Endocrine System Through Skin, and Why. 
Endocrinology. 2018 May 1;159(5):1992-2007. [DOI]

57.	 Dhamrait GK, Panchal K, Fleury NJ, Abel TN, Ancliffe MK, Crew RC, et al. 
Characterising nitric oxide-mediated metabolic benefits of low-dose ul-
traviolet radiation in the mouse: a focus on brown adipose tissue. Diabe-
tologia. 2020 Jan;63(1):179-93. [DOI]

58.	 Gorman S, de Courten B, Lucas RM. Systematic review of the effects of 
ultraviolet radiation on markers of metabolic dysfunction. The Clinical Bi-
ochemist Reviews. 2019 Aug;40(3):147.[DOI] 

59.	 Weller RB. The health benefits of UV radiation exposure through vitamin 
D production or non-vitamin D pathways. Blood pressure and cardiovas-
cular disease. Photochem Photobiol Sci. (2017) 16:374-80. [DOI]  

60.	 Gorman S. Sun exposure: an environmental preventer of metabolic dys-
function? Curr Opin Endocr Metabol Res. (2020) 11:1-8. [DOI]

61.	 Azuma K, Yanagi U, Kagi N, Kim H, Ogata M, Hayashi M. Environmental 
factors involved in SARS-CoV-2 transmission: effect and role of indoor 
environmental quality in the strategy for COVID-19 infection control. En-
vironmental health and preventive medicine. 2020 Dec;25(1):1-6.[DOI]

62.	 Bhattarai BK, Kjeldstad B, Thorseth TM. Assessment of erythemal UV 
level in Nepal based on solar UV estimates from total ozone mapping 
spectrometer. Advances in Atmospheric Sciences. 2011 Jul;28(4):789-96.
[DOI]

63.	 Rumours and Facts on COVID-19  [cited 2021 August 3] Available from: 
[LINK]

64.	 Banerjee I, Robinson J, Kashyap A, Mohabeer P, Shukla A, Leclézio A. The 
changing pattern of COVID-19 in Nepal: A Global concern-A Narrative Re-
view. Nepal Journal of Epidemiology. 2020 Jun;10(2):845.[DOI]

65.	 Nepal. Coronavirus Cases: 2020 [cited 2021 April 8] Available from: 
[LINK]

66.	 Global Solar UV Index, A Practical Guide [cited August 3] Available 
from:[LINK]  

https://doi.org/10.2337/db13-1675
https://doi.org/10.1038/jid.2014.27 
https://doi.org/10.1210/en.2017-03230 
https://doi.org/10.1007/s00125-019-05022-5 
https://doi.org/10.33176/AACB-19-00026  
https://doi.org/10.1039/C6PP00336B   
https://doi.org/10.1016/j.coemr.2019.11.001 
https://doi.org/10.1186/s12199-020-00904-2 
https://doi.org/10.1007/s00376-010-9222-0
https://www.who.int/docs/default-source/nepal-documents/novel-coronavirus/un-rumour-tracking-english
https://doi.org/10.3126/nje.v10i2.29769 
https://www.worldometers.info/coronavirus/country/nepal/
http://www.who.in/uv/publications/en/UVIGuide.pdf

