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Abstract  

The COVID-19 pandemic has caused a global health crisis. The difficulty to control the viral spread 

due to the absence of vaccines and prophylactics measures has raised concerns about prevention 

and control of SARS-CoV-2. Therefore, it becomes more and more crucial the reduction of 

environmental risk factors through viral inactivation of aerosols and fomites. Photodynamic 

inactivation of microorganisms by light energy emitted in the visible spectrum region (VIS), not 

harmful for mammalian cells and safe for humans, has recently been described. A LED-device 

emitting a special combination of frequencies in the visible light spectrum was tested on SARS-

CoV-2 infected cell surnatant dilutions in order to evaluate the antiviral efficacy. This preliminary 

in vitro study showed for the first time the ability to inactivate SARS-CoV-2 through LED 

irradiation of visible spectrum wavelengths. If further and more extensive studies will confirm these 

data, the usage of this LED could potentially have a big impact on the sanitization of virtually all 

human environments.   

 

Introduction 

Coronavirus disease 2019 (COVID-19), a severe respiratory illness caused by a novel 

betacoronavirus, SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2), represents 

currently the major global health crisis. In fact, as of middle June 2020, the COVID-19 pandemic 

has resulted in over 7 million cases and 413 372 deaths worldwide [WHO, 2020.]. The presence of 

genetic viral material on surfaces for up hours and the persistence on different materials up days in 

specific environmental conditions [van Doremalen et al., 2020] should suggest a significant role in 

the viral transmission of SARS-CoV-2 of fomites and contaminated surfaces [Sohrabi et al., 2020; 
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Guo et al., 2020]. However, the environmental survival of the virus depends on multiple factors 

such as temperature, humidity, adhesion viral matrix that should be further investigated [Ratnesar-

Shumate et al., 2020]. The development of systems of environmental sanitization may play a crucial 

role in the preventing contact infection, which represents one of the major transmission routes. 

Evidences of the capability of light frequencies to inactivate microorganisms have been 

documented by several studies, although focused on ultraviolet (UV) wavelengths. The most well-

known and widespread antimicrobial irradiation model uses wavelengths within the UV spectrum, 

particularly in the range of 240 to 260 nm (UV-C) and has traditionally been used for surface 

disinfection [Blatchley, 1991]. The effectiveness of ultraviolet germicidal irradiation (UVGI), based 

primarily on UV-C for the inactivating a wide range of aerosolized microorganisms has been 

demonstrated [Nardell et al., 2008].  

Furthermore, a deep ultraviolet light-emitting diode (DUV-LED) instrument generating around 

250–300 nm wavelength has been reported to effectively inactivate influenza A viruses [Nishisaka-

Nonaka et al., 2018] and UVB levels, representative of natural sunlight, rapidly inactivate SARS-

CoV-2 on surfaces [Ratnesar-Shumate et al., 2020]. The UV lights represent however a form of 

radiation raising concerns of potential injury to human beings, specifically to eyes 

(photokeratoconjunctivitis) and skin (photodermatitis), requiring often the implementation of safety 

measures. 

Photodynamic inactivation of microorganisms with the use of light energy emitted in the visible 

spectrum region (VIS) has recently been validated as a powerful means of contrasting the 

development of multi-drug resistant bacterial species [St Denis et al., 2011]. Evidences of the 

microbicidal effect of white light on bacterial strains (H.pylori, P.mirabilis, P.aeruginosa) when 

directly irradiated at considerable power densities (180J/cm2) and in combination with 

photosensitizing compounds (methylene blue) have been confirmed [Choi et al., 2010;Abu Sayem, 

2014]. The use of specific frequency peaks in the blue-violet band (400-420nm) without 

photosensitizing factors shows microbicidal effect at lower values (36J/cm2) on a wide range of 

bacterial species [Maclean et al., 2009]. In the present study a device based on a combination of 

frequencies of the visible light was evaluated for the influence on the persistence of SARS-CoV-2. 

     

Methods 
 
Cells  
Vero cells E6 were cultured at 37°C and under 5% CO2 in complete growth medium (gMEM) 

consisting of minimum essential medium (Life Technologies) supplemented with 10% v/v heat-
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inactivated fetal bovine serum (Sigma Aldrich), 2 mM Glutamax (Life Technologies), 1 mM 

sodium pyruvate (Life Technologies), and 1% v/v antibiotic solution (Life Technologies).  

 

Virus 

SARS-CoV-2 was passaged once in Vero cells to generate a virus master stock. Virus master stock 

was then used to generate a virus working stock that was used for the experiments in the present 

study. The virus was propagated in Vero cells cultured in minimum essential medium (MEM) 

containing 2% fetal bovine serum (FBS). At 72 h after infection, virus stocks were collected by 

centrifuging the culture supernatants of infected Vero cells at 600 g for 5 min. The concentration of 

infectious virus was determined by plaque-forming titre assay. The clarified supernatants were kept 

at -80 °C until use.  

 

Exposure system 

The experiments were performed using a LED strip supplied by Nextsense Srl and powered with 

Biovitae® technology. The LED-device tested uses a special combination of frequencies in the 

visible light spectrum with a main peak at 413 nm (400-420nm, 430-460nm, 500-780nm). In order 

to prevent any sample heating during exposure, the lamp is set up with a heat sink for thermal 

management. To evaluate the antiviral efficacy of irradiation by visible light, a serial 10-folds 

dilutions of virus stock (200 ul) were placed in 96-wells plate and irradiated with 4,67 mW cm-2 at 

a work distance of 25 cm for a range of times (n=2 each for 40 and 60 min). The temperature and 

relative humidity inside the chamber were maintained within a narrow range for testing, specifically 

20 ± 4°C and 19 ± 5%, respectively. Each irradiated viral stock was inoculated onto Vero 

monolayers in a 12-well plate in duplicates and in triplicates. After adsorption of virus for 1 h, cells 

were overlaid with MEM containing 1.5 % Tragacanth and 2% FBS (final concentration). Cells 

were incubated for 72 h in a CO2 incubator. An unirradiated virus suspension was used as a positive 

control. To calculate PFU, cells were washed with physiological solution, followed by staining with 

crystal violet solution. The antiviral effects of LED irradiations were calculated as (100-NLED /N0 

x100) where NLED  is the PFU count of the LED-irradiated sample, and N0 is the PFU count of the 

sample without LED irradiation. All experiments were performed in a BSL-3 laboratory.  

 

Results and Discussion 

The plaque assay (Figure 1) revealed that LED irradiation inactivated SARS-CoV-2. The reduction 

rate of the infectious titer of 97.3% was already recognized with the irradiation of the virus at 2 * 
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103 pfu/ml for 40 minutes. When 60 minutes irradiation was used, the reduction rate was 99.8% 

even at the highest viral concentration 2 * 105 pfu/ml (Table 1).  

The photodynamic inactivation of microorganisms with the use of light energy emitted in the region 

of the visible spectrum has long been known. The wavelengths emitted by a light energy in some 

monochromatic peaks of the visible spectrum, cause the excitation of photo-sensitizing molecules 

(porphyrins), that determine the production of singlet oxygen and other reactive species (RS) which, 

reacting with intracellular components, damaging DNA and the plasma membrane. The LED-

device tested providing combination of frequencies of the visible light spectrum (400-420nm, 430-

460nm, 500-780nm), can inactivate a wide range of bacterial species GRAM + (S.aureus, MRSA, 

S.epidermidis, S.pyogenes, E.faecalis, C.perfringens) and GRAM– (A.baumannii, P.aeruginosa, 

E.coli, P.vulgaris , K.pneumoniae) [Maclean et al., 2009]. Furthermore, the exposition of the 

mammalian cells to bactericidal irradiance levels emitted through these low energy devices, has no 

significant effect on normal cell function [Thurman et al., 2019; Ramakrishnan et al., 2015]. 

Therefore, on the basis on these data, the possibility of developing new rapid viral inactivation 

method capable of reducing infections through aerosols and contact transmission, drove us to 

perform this study. The preliminary in vitro experiments demonstrated for the first time the 

inactivation of SARS-CoV-2 under the visible light spectrum irradiation of the LED-device. These 

devices, emitting a white light, may be used both for the sanitization in virtually all human 

environments as well as lighting devices. Further experiments in a multicentric format, using 

different biological matrices, as other respiratory viruses such as influenza virus, and environmental 

conditions will be carried out in order to confirm this new virucidal technology that could improve 

significantly public health. 
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Table 1.  

The antiviral effects of LED irradiations at 60 and 40 minutes. The percentages of viral inactivation 
were calculated as (100-NLED /N0 x100), where NLED  is the PFU count of the LED-irradiated 
samples, and N0 is the PFU count of the sample without LED irradiation. ND not determined 
 
 
 
Figure 1.  
 

 

Inhibitory effects of visible light spectrum LED-irradiation on SARS-CoV-2. A-C Positive control. 
Plaque formation in Vero cells. (A) 105 pfu/ml; (B) 104 pfu/ml; (C )103 pfu/ml. D-E. The viral 
dilutions irradiated with LED for 60 min and inoculated to Vero cells. (D) 2x 102 pfu/ml; (E) 10
pfu/ml; (F) 0 pfu/ml.  As showed in D, the infectious titer reduction rate was 99.8%.  
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