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1. PURPOSE 

 
The purpose of the following report is the clearly and in detail definition of the performing methods 
and of the results of a research evaluating the virucidal activity on surfaces of a device using Cold 
Plasma (Non-Thermal Plasma) technology by emitting oxidizing species. 

2. TERMS AND DEFINITIONS 

 
Virucidal or antiviral activity: the ability of a product to produce a reduction in the number of 
infecting viral particles through testing procedures that  require precise and defined test conditions. 
 
Plate Forming Units (PFUs): number of infecting viral particles per mL. 
 
ID50: dose infecting 50% of the viral suspension or of the dilution of the viral suspension which 
induces 50% viral cytotoxic effect (CPE) in cell cultures. 
 
Viral cytotoxic effect (CPE – cytopathologic effect): morphological alteration and/or destruction of 
cells following the multiplication of the virus. 
 
Inactivation of viruses: reduction of the infectivity of a virus towards the product concerned. 

3. INTRODUCTION 

 
In order to guarantee maximum precision and accuracy, the test was performed in compliance with 
the EN 14476:2019 standard "Chemical disinfectants and antiseptics - quantitative suspension test 
for the evaluation of virucidal activity in the medical area - Test method and requirements (Phase 
2/Stage 1)" and to the EN 17272:2020 standard "Chemical and antiseptic disinfectants: methods of 
indoor air disinfection through automated processes - Determination of bactericidal, 
mycobactericidal, sporicidal, fungicidal, yeasticidal, virucidal and phagocytic activities" (limited to 
the use of the described metal supports). 
The virucidal activity was tested using the SARS-CoV-2 strain. All experiments were conducted in the 
Biosafety Level 3 Laboratory (BSL3) 
 

4.  CHARACTERIZATION OF THE SAMPLE 

 
Product: Jonix Cube Non-Thermal Plasma Device (hereinafter referred to as Jonix Cube) 
 
Product description: Jonix CUBE is an air purification device; a design piece that uses an advanced 
technology called cold plasma to eliminate bacteria, molds, viruses, pollutants and odors 
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Storage conditions: room temperature 
 
 Device instructions: see attachment 

5. TEST CONDITIONS 

 
Test temperature: it was performed at + 20 ° C ± 1 ° C. 
 
Contact time: 30'-60'-120'-240' 
 
Analysis period: test start date: 01-08-2020 ÷ Test end date 01-09-2020 

6. MATERIALS AND REAGENTS 

 
Test microorganisms: 
 
SARS-CoV-2 
 
Cell line: 
VERO E 6 (ATCC CCL-81) * 
 
* ATCC (American Type Culture Collections) 
 
Viral stock suspension 
 
Each viral suspension was prepared and amplified on a large scale in monolayer cell cultures. After 
the infection and multiplication of the virus, the cellular debris was removed by double 
centrifugation at low speed (2500 rpm for 10 min), and the supernatant, containing the virus, is 
taken to determine the viral titer. It was divided into aliquots with known titer of 2 ml volume in 
Eppendorf and stored at -80 ° C in the freezer. 
 
Cell cultures 
VERO E6 cells, cells of epithelial origin taken from monkey kidney (solid line). 
 
Supports (carriers) 
35 mm diameter AISI 316 stainless steel discs were used, previously sterilized in an autoclave. 
 
MEDIUMS OF CULTURE AND REAGENTS 
Reagents must be pure for analysis and/or suitable for microbiological applications. 
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Cell culture medium 
Each cell line is kept in a thermostat at 37°C with 5% (v/v) CO2 in DMEM (Dulbecco's Modified 
Eagle Medium) medium supplemented with 10% (v/v) of fetal bovine serum (FBS) and 1% (w/v) 
of penicillin - streptomycin (pen-strep). 
 
Phosphate Buffered Saline (PBS) 
Solution containing: 8 g of NaCl, 0.2 g of KCl, 2.89 g Na2HPO4 12 H2O, 0.20 g KH2PO4 in 1000 ml of 
distilled H2O. 

7. EQUIPMENT 

 
▪ Inverted microscope for the observation of cell cultures 
▪ Stopwatch 
▪ Vortex stirrer 
▪ Centrifuge 
▪ CO2 incubator (5% v/v) capable of maintaining the temperature at 37 ° C ± 1 ° C. 
▪ “BioHazard” class II vertical laminar flow hood 
▪ Freezers 

8. PRELIMINARY TESTS 

 
PREPARATION OF VIRAL SUSPENSION - VIRAL TITER 
 
0.2 ml of viral suspension (stock solution) + 1.8 ml of serum-free DMEM were mixed and serial 
dilutions from 10-2 to 10-9 (dilutions 1:10) were prepared. 
250 µl of each dilution was transferred to 24 well plates containing the cell monolayer at confluence 
(> 90%) after aspiration of the growth medium. Each dilution of the viral suspension was plated in 
sextuple. 12 wells were left uninoculated, (cell line control). After 1 hour of incubation at 37 ° C (viral 
adsorption time), the inoculum was removed, washed with PBS and added 500 µl of DMEM with 2% 
(v/v) FBS and 0.75% (v/v) of carboxymethylcellulose. 
 
 
 
Thermostat incubation conditions 
 
Infections were incubated with 5% (v/v) CO2 at 37 ° C ± 1 ° C and observed under an inverted 
microscope to detect lysis plaque formation caused by the cytopathic effect (CPE) of the viral 
suspension. 
The plaques present in the wells at counted dilution after fixation with formaldehyde and staining 
with a crystal violet solution were counted under an inverted microscope. 
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The CPE (quantitative test) results of each dilution are expressed with the percentage of positive 
results ranging from 100% to 0% and recorded as "0" for no CPE and "1" (25% CPE) to "4" (100% 
CPE) depending on the degree of cell damage. 
Viral titer was calculated using the Spaerman-Karber method (ID50 assessment). 
 

9. INACTIVATION CHECK – TEST WITH FORMALDEHYDE 

 
2 mL of viral suspension was mixed with 8 mL of PBS and 10 mL of 1.4% (w/v) formaldehyde solution 
to check the validity of the system. Immediately after a contact of 30 minutes and 60 minutes, 0.2 
mL of this solution was mixed with 1.8 mL of DMEM + 2% FBS in ice. Serial dilutions  from 10-2 to  
10-6 (1:10 dilutions) with PBS + 2% FBS were performed. For each dilution 250 µl were distributed in 
6 wells of the 24-well microplate and placed in the incubator at 37 ° C for 1 hour. After 1 hour in the 
incubator at 37 ° C (viral adsorption time), the inoculum was removed, washed with PBS and added 
500 µl of DMEM with 2% (v/v) FBS and 0.75% (v/v) of carboxymethylcellulose were added. 
 
The cell culture was placed in the incubator at 5% (v/v) of CO2 at 37 ° C ± 1 ° C and observed under 
an inverted microscope for the detection of the cytopathic effect (CPE) of the viral suspension. 
Plaques in the wells at counting dilution after fixation and staining with crystal violet-methanol 
solution were counted. The CPE (quantitative test) results of each dilution are expressed with the 
percentage of positive results ranging from 100% to 0% and recorded as "0" for no CPE and "1" (25% 
CPE) to "4" (100% CPE) depending on the degree of cell damage. 
Viral titer was calculated using the Spaerman-Karber method (ID50 assessment). 
 
Cytotoxicity of the formaldehyde test solution 
 
1 ml of 1.4% (w/v) formaldehyde was added to 1 ml of PBS. From this dilution the serial dilutions 
from 10-2 to 10-4 (dilutions 1:10) were prepared by taking 0.2 ml of the obtained mixture + 1.8 ml 
DMEM serum-free. 
 
0.1 ml of each dilution was plated in sextuple into monolayer cell cultures at confluence (>90%). The 
mixture was not added to 6 wells (cell line control). After 1 hour at 37 ° C ± 1 ° C, 100 µl of DMEM + 
10% FBS were added and the cell culture was placed in an incubator at 37 ° C ± 1 ° C, at 5% of CO2 
and constantly observed under an inverted microscope for the next 9 days for the detection of the 
cytopathic effect (CPE), caused by the cytotoxic action of the formaldehyde solution. 
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10.VERIFICATION OF THE VIRUCIDAL ACTIVITY OF THE DEVICES 

 
The virucidal test was performed at 20°C. 
50 µl of viral suspension was inoculated on each carrier and left to dry under a laminar flow hood. 
The discs inoculated were used to verify virucidal activity by exposing them to the action of the Jonix 
Cube device or left inside petri dishes using them as control discs. The treated discs were placed 
inside a special box containing the Jonix device and exposed to its action for a time equal to 30'-60'-
120'-240 '. Subsequently, the discs (both treated and control ones) were eluted with 1 ml of culture 
medium and serial dilutions of 10-2 to 10-9 (dilutions 1:10) were prepared. 250 µl of each dilution 
was transferred to 24-well plates containing the cell monolayer at confluence (>90%) after 
aspiration of the culture medium. Each dilution of the viral suspension was plated in sextuple. 12 
wells were left uninoculated (cell line control). After 1 hour of incubation at 37 ° C (viral adsorption 
time), the inoculum was removed, washed with PBS and 500 µl of DMEM with 2% (v/v) FBS and 
0.75% (v/v) of carboxymethylcellulose were added. 
 

11. CALCULATION OF THE EXPRESSION OF THE RESULTS 

 
Determination of the infectivity titer (ID50). 
 
The infecting activity was determined with the Spaerman-Kärber method, which uses the 
following formula to calculate the ID50 value: 
 

-Log10 ID50= - (x0) - { [ R/100 ] - 0,5} x log10 diluition factor 
Where: 
 
x0 = log10 of the lowest dilution with 100% positive reaction 
(CPE) R = summation (%) of the positive cultures 
 
The virucidal activity test is valid when this condition occurs in the preliminary tests: the viral test 
suspension must have a viral concentration to determine the reduction of at least 4 lg of the initial 
viral titer: ID50 = 107/mL. 
 

12. VIRUCIDAL EFFECTIVENESS 

 
The product under examination is considered VIRUCID when at 20 ° C, after the contact time under 
consideration, it demonstrates a reduction in vitality of at least 104, corresponding to a reduction 
of 4 logarithms (99.99%) compared to the test viral strain (EN 14476: 2019 and EN 17272: 2020). 
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13. RESULTS AND VIRUCIDAL ACTIVITIES 

 
The results obtained are shown in the following table 
Table 1 - Effects of treatment with Jonix CUBE. The viral load reduction values are expressed both in 
terms of logarithmic units and in percentage. 
 

Exposition time 
(minutes) 

Control Treated Reduction 

PFU/ml log(PFU/ml) PFU/ml log(PFU/ml) Ulogaritmiche % 

0 10.000.000 7 10.000.000 7 0 0 

30 10.000.000 7 1,07 0,03 6,97 99,99999 

60 10.000.000 7 1,02 0,01 6,99 99,99999 

120 10.000.000 7 1,02 0,01 6,99 99,99999 

240 10.000.000 7 1,02 0,01 6,99 99,99999 

 
 

14. CONCLUSION 

 
 
The results obtained show that the Jonix Cube device (Non-Thermal Plasma Technology (NTP)) has 
an effective antiviral activity against SARS-CoV-2 with a reduction of the viral load equal to 
99.99999% (about 7 logarithmic units) after only 30 minutes of exposure; this suggests that the 
achievement of the reduction level required by the technical standards (4 logarithmic units) may 
also occur for considerably shorter times. 
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