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SUMMARY 

 

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the coronavirus 

disease 2019 pandemic. 

Methods: In this study, the antiviral activity of a far-UVC (222 nm) microplasma flat lamp against SARS-CoV-2 

was evaluated. 

Results and Conclusions: Immediate inactivation of up to 99.99% of the coronavirus was achieved with a dose of 

less than 8 mJ/cm2 and complete inactivation was observed by real-time RT-PCR; therefore, far-UVC (222 nm) is 

a promising candidate for the effective inactivation of SARS-CoV-2. 

(Clin. Lab. 2021;67:1955-1958. DOI: 10.7754/Clin.Lab.2020.201140) 

 

 
Correspondence: 

Kwang-Soo Lyoo, DVM, PhD 

Korea Zoonosis Research Institute 

Chonbuk National University 

Jeonbuk 54531 

Korea 

Phone.:  +82 63-900-4086 

Fax:  +82 63-900-4012  

Email:  lks1314@jbnu.ac.kr 

 

Yong Ho Park, DVM, PhD 

Department of Veterinary Microbiology 

College of Veterinary Medicine and  

Research Institute for Veterinary Science 

Seoul National University 

Seoul 08826 

Korea 

Phone:  +82 2-880-1257 

Fax:  +82 2-880-4175 

Email:  yhp@snu.ac.kr  

 

 

 

 

 
_______________________________________________________  

Short Communication accepted December 16, 2020 

KEY WORDS 

 

microplasma lamp, far-UVC (222 nm), severe acute res-

piratory syndrome coronavirus 2, inactivation 

 

 

INTRODUCTION 

 

Coronavirus disease 19 (COVID-19), caused by severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-

2), has become a worldwide pandemic since the first 

outbreak in December 2019 [1]. The rapid transmission 

of the virus has been a severe threat to humankind and 

there are more than 20 million cases worldwide [2]. 

Furthermore, a recent surveillance study based on a re-

al-time PCR test indicated that there is significant envi-

ronmental contamination on surfaces after contact with 

patients with SARS-CoV-2 [3]. The use of ultraviolet 

(UV) light to inactivate viruses is well established and 

has been applied widely as a microbicidal tool during 

this pandemic. However, overexposure to conventional 

UVC radiation, represented by the mercury 254 nm and 

longer wavelengths, causes skin cancer and cataracts 

[4]. Recently, there has been increasing interest in the 

use of far-UVC light, especially in the wavelength 
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range of 200 - 230 nm, as a promising tool to prevent 

the airborne transmission of coronaviruses in public 

sites owing to its antimicrobial effect and safety for the 

skin [4,5]. However, no studies have evaluated the effi-

cacy of the light in terms of the irradiation dosage re-

quired to inactivate SARS-CoV-2. The elucidation of 

the dose threshold for the deactivation of the virus is es-

sential to minimize exposure to any UV wavelength, ac-

cording to the International Commission on Non-Ioniz-

ing Radiation [6]. In this study, we investigated the in-

activation of SARS-CoV-2 quantitatively with a micro-

plasma flat lamp, which has a primary emission of 222 

nm. Microplasma lamps have a unique flat form factor 

and the uniform emission over the lamp surface is ideal 

for its many antibiological applications [7]. The fraction 

of viruses that survived as a function of various UV 

doses was measured. Additionally, real-time reverse 

transcription-polymerase chain reaction (RT-PCR) tests 

were performed to examine any viral residue or incom-

plete inactivation of the coronavirus after far-UVC irra-

diation. 

 

 

MATERIALS AND METHODS 

 

We performed all experiments in a biosafety level-3 fa-

cility in the Korea Zoonosis Research Institute, which is 

certified by the Korea Centers for Disease Control and 

Prevention. A microplasma lamp (UV222050 x 050, 

Eden Park Illumination, Inc., Champaign, IL, USA) 

with the primary emission wavelength of 222 nm was 

used. The front surface of the lamp has a flat form fac-

tor and is 50 mm x 50 mm and less than 3.5 mm thick. 

The far-UVC intensity at the surface of the lamp is ~1 

mW/cm2. The UV irradiation fixture and setup were de-

signed and prepared (NANOCMS Co., Ltd., Cheonan, 

Korea) to have an adjustable distance between the target 

sample surface and light source. The irradiation distance 

in this study was less than 5 cm. The irradiation intensi-

ty at each sampling distance was measured using cali-

brated 222 nm detectors (H9535-222, Hamamatsu Co., 

Shizuoka, Japan and GFUV-T10GD, GenUV, Seoul, 

Korea). 

SARS-CoV-2 (NCCP43326) samples were provided by 

the National Culture Collection for Pathogens in Korea 

and amplified in Vero E6 cells. We used the 50% tissue 

culture infectious dose assay to determine virus infec-

tivity, as described in a previous study [8]. Cultured 

SARS-CoV-2, adjusted to 105.0 median tissue culture in-

fectious dose (TCID50)/mL in Dulbecco’s modified 

Eagle medium (DMEM), was spread in Petri dishes (60 

mm) and the far-UVC from the microplasma lamp irra-

diated each sample for fixed time intervals of 10 sec-

onds (1.3 mJ/cm2), 20 seconds (2.6 mJ/cm2), 30 seconds 

(3.9 mJ/cm2), 1 minute (7.8 mJ/cm2), 2 minutes (15.6 

mJ/cm2), 5 minutes (39 mJ/cm2), and 10 minutes (78 

mJ/cm2). Viral titrations of each extract were performed 

using the method described by Song et al. [9]. Briefly, 

UV-irradiated virus samples and non-irradiated control 

virus were serially diluted 10-fold in DMEM and inocu-

lated into Vero E6 cells cultured in a 96-well micro-

plate. After viral adsorption for 1 hour at 37°C, the 

microplate was washed with phosphate-buffered saline 

and incubated with fresh DMEM containing 2% fetal 

bovine serum at 37°C for 4 days. The SARS-CoV-2 

specific cytopathic effect was observed after incubation 

and the TCID50 was calculated using the Reed and 

Muench method [8,10]. 

Viral inactivation was also demonstrated by a quantita-

tive real-time RT-PCR. Viral RNA was extracted from 

the culture in the previously tested microplate using the 

QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germa-

ny) according to the manufacturer’s protocol. Each viral 

RNA was amplified using the PowerChek 2019-nCoV 

Real-time PCR Kit (Kogene Biotech, Seoul, Korea) ac-

cording to the manufacturer’s protocol. The cell culture 

titration and quantitative PCR assay were repeated three 

times. 

The TCID50/mL values after different treatment times 

were compared using a one-way ANOVA using Med-

Calc statistical software ver. 11. 2. 1 (MedCalc, Ant-

werp, Belgium). A p-value of less than 0.05 was statisti-

cally significant. 

 

 

RESULTS AND DISCUSSION 

 

The inactivation values of SARS-CoV-2 at different far-

UVC irradiation doses measured by the conventional ti-

tration method are shown in Figure 1. The number of 

SARS-CoV-2 was reduced by 4 log10 TCID50/ml after 

far-UVC irradiation at 7.8 mJ/cm2. The concentration of 

SARS-CoV-2 was less than a meaningful technical de-

tection limit after 1 minute of irradiation. A 3 log10 

TCID50/mL reduction in the number of SARS-CoV-2 

was observed at 3.9 mJ/cm2 (30 seconds). The antiviral 

activity of the samples after irradiation by far-UVC at 

all tested doses was significantly greater than that of the 

non-irradiated control virus (p < 0.05). The inactivation 

efficacy of far-UVC (222 nm) is better, by 10 - 50 

times, than that of UVC (254 nm) to irradiate coronavi-

rus surrogates [11,12]. The superior efficacy of the far-

UVC wavelength compared with conventional UVC is 

explained by the greater photoabsorption of far-UVC by 

peptide bonds in the coronavirus, which leads to faster 

degradation [5]. 

Furthermore, in the real-time RT-PCR assay, no virus 

trace was detected in the samples irradiated at far-UVC 

doses of 7.8 mJ/cm2 and higher (data not shown); there-

fore, SARS-CoV-2 was completely inactivated at these 

doses. 

To effectively prevent the highly contagious SARS-

CoV-2 in any transmission media (either airborne or 

surface), a consistent and non-stop disinfection method 

is required to reduce the transmission rate in various 

public sites [3]. In this study, we demonstrated that far-

UVC light (222 nm) could be a promising tool for this 

purpose. The results of this study are useful to estimate 
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Figure 1. The far-UVC dose response of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
 

The effect of the Micro Plasma flat Lamp on SARS-CoV-2 was investigated by virus titration method. The tested exposure times were 10 

seconds, 20 seconds, 30 seconds, 60 seconds, 120 seconds, 300 seconds, and 600 seconds. Significant differences (p < 0.05) in virus titration 

between each exposure time are denoted with asterisks. The results of exposure times over 60 seconds were not included for the statistical 

analysis because the virus titration value were under 0.5 log10TCID50/mL. 

 

 

 

 

the dose threshold for far-UVC (222 nm) for effective 

and safe application. 

 

 

Ethics Approval: 

This article does not contain any studies with animals. 

 

 

Authors’ Responsibility: 

The authors undersigned certify that each author partici-

pated sufficiently in the study conception of design, da-

ta analysis or interpretation, and drafting or revision of 

the manuscript, so that each author takes responsibility 

for the validity and objectivity of the entire study. Each 

author has approved the final version of the manuscript. 

Neither this manuscript nor one with similar content has 

been published or is being considered for publication in 

any language, except as an abstract or academic thesis. 

If requested, the authors agree to provide the Editor 

copies of the original data. 

 

 

 

Declaration of Interest: 

The authors declare that they have no conflict of inter-

est. 

 

 

References: 

 
1. Li J, Li JJ, Xie X, et al. Game consumption and the 2019 novel 

coronavirus. Lancet Infect Dis 2020;20(3):275-6 (PMID: 320439 
79). 

 

2. Worldometers: Corona Virus Satitstics on Reported Cases. In.; 
2020. 

https://www.worldometers.info/coronavirus/ 

 
3. Ong SWX, Tan YK, Chia PY, et al. Air, surface environmental, 

and personal protective equipment contamination by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) rrom a symp-
tomatic patient. JAMA 2020;323(16):1610-2 (PMID: 32129805). 

 

4. Buonanno M, Ponnaiya B, Welch D, et al. Germicidal Efficacy 
and Mammalian Skin Safety of 222-nm UV Light. Radiat Res 

2017;187(4):483-91 (PMID: 28225654). 

 
5. Buonanno M, Welch D, Shuryak I, Brenner DJ. Far-UVC light 

(222 nm) efficiently and safely inactivates airborne human coro-

naviruses. Sci Rep 2020;10(1):10285 (PMID: 32581288). 

https://www.worldometers.info/coronavirus/


Woo Kyung Jung et al. 

Clin. Lab. 8/2021 1958 

6. International Commission on Non-Ionizing Radiation Protection. 

Guidelines on limits of exposure to ultraviolet radiation of wave-

lengths between 180 nm and 400 nm (incoherent optical radia-
tion). Health Phys 2004;87(2):171-86 (PMID: 15257218). 

 

7. Raeiszadeh M, Taghipour F. Microplasma UV lamp as a new 
source for UV-induced water treatment: Protocols for character-

ization and kinetic study. Water Res 2019;164:114959 (PMID: 

31415967). 
 

8. Lindenbach BD. Measuring HCV infectivity produced in cell cul-

ture and in vivo. Methods Mol Biol 2009;510:329-36 (PMID: 19 
009272). 

 

9. Song DS, Yang JS, Oh JS, Han JH, Park BK. Differentiation of a 
Vero cell adapted porcine epidemic diarrhea virus from Korean 

field strains by restriction fragment length polymorphism analysis 

of ORF 3. Vaccine 2003;21(17-18):1833-42 (PMID: 12706667). 
 

10. Reed IJ, Muench H. A simple method of estimating fifty per cent 

endpoints. Am J Epidemiol 1938;27(3):493-497. 
https://doi.org/10.1093/oxfordjournals.aje.a118408 

 

11. Blatchley ER, Petri B, Sun W. SARS-CoV-2 UV Dose-Response 
Behavior. In., 2020 edn. Chevy Chase: International Ultraviolet 

Association White Paper; 2020. 

https://iuva.org/resources/covid-19/SARS%20CoV2%20Dose% 
20Response%20White%20Paper.pdf 

 

12. Heilingloh CS, Aufderhorst UW, Schipper L, et al. Susceptibility 
of SARS-CoV-2 to UV Irradiation. Am J Infect Control 2020; 

48(10):1273-5 (PMID: 32763344). 

 

https://doi.org/10.1093/oxfordjournals.aje.a118408

