An innovative designed machine or chamber build by multimodal approaches for COVID-19(SARS-CoV2) inactivation for household, office and hospital purpose
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Abstract
Inactivation of SARS- CoV 2 from different  items like vegetables, fruits, parcels, coins, masks, personal protection equipment, etc used in domestic, office and hospital purposes is now very essential work to break transmission of this pandemic virus. Washing of the purchased materials from markets, our hands and washing of other items by water or soap water have increased many folds.  For this purpose, an innovative machine (2ft length, 1.5ft breadth and 1.5 ft height) has been designed by multimodal approaches. The approaches includes UVC (254 nm), heat and copper metal  treatment for inactivation of SARS CoV2. Machine includes  two cycles, one UVC cycle and another heat cycle to inactivate or kill virus. Both cycles can be operated at one time or separately one after another. In this machine four UVC tubes (each 15 W) were fitted in different angles to irradiate maximum UVC to the items distantly located in the cabinet of machine. The dose of UVC, time of the exposure and maximum distance of the item were standardized in such as way that 99.999% inactivation of SARS- CoV2 occurred within 30 to 40 min The maximum dose  was 18,331 J/m2 of UVC in this cabinet. SARS CoV2 isolate multiplied in Vero-E6 cell line and treated by UVC cycle  at the maximum distance 9 inch and heat cycle at 50 to 600C temperature separately  for 30 to 40 min. Infectivity of treated virus was tested in Vero E6 cell line by TCID 50 assay  and this assay  has confirmed that this treated virus has no infection capacity. In conclusion, this designed cabinet must serve our society as proper decontamination or SARS CoV2 inactivation  in pandemic situation to break the transmission chain of this virus and save our precious water.  
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Introduction
After emergence of COVID-19 or SARS-CoV2 in Wuhan since 31st December 2019, it becomes pandemic  appearing in almost  all counties. This virus takes entry into us through the mucosa of the respiratory tract, mouth and the eyes. It is important to note that person-to-person transmission of SARS-CoV2 is happening and this is the reason why it took the form of pandemic quickly in almost all countries through rapid spreading1-5. However, the actual mechanism which confers this viral characteristics of high transmissibility in all geographically different countries and asymptomatic infection is now under intense research. As of 25 July, 2020, a total of 15581009 cases have been reported to be infected and 635173 patients died among them globally6. Now, its highly contagious nature and mortality rate have brought the entire world to its knees and challenged the very existence of human beings. The concerned governments of all countries have deployed war-like emergency strategies, and the leaders in charge are leaving no stones unturned to reduce the speed of transmission of the disease, so that the infectivity curve of COVID-19 could be brought under control. WHO is monitoring the epidemiological, symptomological characteristic data from time to time and circulating these data through its website under situation reports. The situation compelled us to increase our safety measures to the highest level and maintain necessary personal and collective hygiene procedures properly in order to keep this deadly virus away. Moreover, in a bid to curb rapid transmission we are frequently sanitizing   our hands by alcohol based sanitizer or washing  hands by  soap or water, and covering mouth and nose by using a face mask while venturing outside of their home7. Under such grim situation, general public are facing financial crisis to maintain personal hygiene due to use of heavy amount of water and sanitizer. Moreover frequency of washing of cloths, bed sheets, purchased vegetables, fruits, milk pouches, other household items with soap/detergent water necessitates huge amount of water. If this situation prevails more one year, it will be very difficult for some municipalities or authorities to supply hygienic water for these purpose. Moreover, in some cases, general peoples are in dilemma and also very anxious  to keep some purchased items like breads, biscuits, milk pooches and other perishable items in refrigerator. As the refrigerator condition is ideal for SARs-CoV2 to maintain its activity.  To reduce the use of water for these purposes particularly washing of vegetables, fruits and other washable house items, and also to reduce the anxiety of general people for keeping their purchase items I have thought and designed one SARS–COV2 inactivation  chamber or cabinet or box on the basis of research findings, which will be low costing and highly potential for SARS-CoV2  inactivation/decay  or making it  non-infectious  condition. The main principles on which this virus or germ inactivation chamber has been designed, are UVC and heat application  and copper metal i,e. multimodal approach, which is recommended by CDC8. The application of UVGi (UV germs inactivation) has been coming from many years in air purification and water treatment systems9 but due to COVID situation its application has been broaden in many cases like decontamination of  public buses, private cars10, air flight  cabins11, hospital words/rooms12 and sterilization of  N95 masks and PPE(personal protection equipment) during crisis periods13. The application of UVC and heat and copper  at a one time for SARS-CoV-2 inactivation in a chamber for domestic, office and medical  purposes is an innovative approach.
Material and methods
Description or construction of machine or chamber
i. A machine or chamber(Fig 1A) having  inner size 2 ft length  X 1.5 ft breadth x 1.5 ft height is made with walls. The wall construction  includes outer stainless steel sheet (22 gauge), middle  one inch breadth insulator layer of glass wool and inner stainless steel sheet (28 gauge)(Fig 1B). The inner surface of outer sheet is coated by aluminium  to increase the reflection of UV light (Fig 1 A). The floor of chamber is perforated. The roof construction is same to wall. Beneath the floor, a basal chamber is made where a heater (100 watt) with thermostat and temperature sensor is fitted. The generated heat or temperature  easily passes to chamber through perforated floor. It ranges from 50-60oC.  At the front, one inner sliding  glass door and outer door of wall structure are fitted and door is lock and key system. A loading rack coated with copper for items is present inside the chamber.  
ii. Four UVC tube (1.5 ft length)(each 15 watt and UVC 254 nm) (Aquisense technology, NIKKISO group, Kentucy, USA), which  are independent of heat, and  are fitted in cabinet in different angles. One UV light tube is fitted  inside the box on  roof and another one on side wall above the loading rack for easily radiation of UVC light and two UV C light tubes are fitted on two  side walls  beneath  the  loading rack to treat the maximum surfaces of items by direct UV radiation. Here multiple UVC tubes have been fitted at different angle to treat maximum surfaces of items/objects by direct line of UV path as UV is effective in its light path.  The maximum distance of one object or item  from source of UVC light tube is 9 inch in this cabinet (Fig 1A). As UVC((254 nm) is harmful for our health, it is important to design systems to exclude UVC leakage and  so, it has been designed to  avoid leakage. As soon as door will be opened, UVC will be off. Also to block the leakage of UVC, one inner glass door and one outer wall structure door are fitted. The handles of doors are copper coated.
The percentage of inactivation is directly proportional to the UVC dose, which is given, and this, in turn, is the result of its intensity(I) and duration of exposure(t). The  distance of object to be decontaminated from source of UVC (tube) is another factor, for efficient inactivation of virus particle; less distance means more inactivation.  
iii. A power connecting cord fitted with 5 amp plug comes out from the machine. Two switches are fitted on outside wall of machine- one for UV light and another for heater.  A digital thermoviewer is fitted on the  outside wall  for viewing raise temperature. . 
iv. Fully automatic with modern timer in digital operation and also manual system.  
v.. Special advantage is that it  can run only UVC  cycle for 30 min  or heat cycle for 30 min or both cycles  at a time for 30 min. 
iv. The whole  constructed  machine  or chamber is drawn(inner ) in Fig 1A.
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Figure 1.  Drawing of machine or chamber design, A. A sketch drawing of  inner portion of COVID-19/SARS-CoV2 inactivating or decaying machine  with all parts labeling. Red arrows show maximum distance between item and UVC source.  B. Design of structure of side walls, roof and basal wall of cabinet.
Operation of the machine or chamber
Actually this machine includes two cycles –a) UVC cycle for 30 or 40 min and b) heat cycle-for 30 or 40 min, first UVC cycle is to  be operated and next heat cycle is to  be operated. But operation of  both cycle at a time option is also present. Details of operation as follows-
i. The machine  is stranded in house in one side or hanged by hanging ring on the wall of  house wall .
ii. Power connecting cord plug is fitted in switch board and put  on the  switch of board (200-250 V).
iii. UVC cycle  for 30 -40 min: By opening the door keep the  purchased items (like vegetables, fruits , milk pouch , breads, etc ) on loading rack. Now close the door and also lock it for safety from children. As soon as the door  is being closed, UV light switch  must be on automatically. This auto-system has been designed for  our safety from UV light. 
iv.  Heat cycle for 30-40 min: After 30-40 min put the switch on of heater and then  put off the outer mother switch of UV light, otherwise during closing of door , UV light will be on.  After  heating  the chamber upto 50-60oC for 30-40  min put off this  heater switch ,  unlock the door and open the door and put off the items with loading rack from the chamber. All items are now COVID-19 /SARS-CoV2 free and also other germ free. 
V, An option of automatic  switch off and on of both cycles is also present by timer set. Just set the timer with time ( suppose 30 min) and temperature (suppose 50 0C) and on the machine giving comment by both cycle or single cycle , machine will on and automatically off after selected time.   
v.  Both cycles for 30 min:  For saving the time, after keeping the items on  loading rack and closing the door , one  can  put on both  switch (UVC and heat) at the same time for 30min , but in this case UVC LED efficacy may be reduced slightly. 
vi. During non-operation of the machine, outer both UVC and heater switch must be off.
Inactivation of SARS-CoV2 with in the constructed machine /chamber	
Treatment of  virus was conducted within this machine / chamber which has been constructed  by  UVC as specified and also by heating arragement as specified for the time exposure. After exposure of UVC and heat cycle separately for 30 and 40 min, viral infectivity was tested in Vero E6 cell line  by TCID50 (log/ml) assay. The details of materials and   procedures/ methods  are as follows-
Cell line culture 
 Vero E6 cell lines were maintained in Dulbecco modified Eagle medium (DMEM) supplemented with L-glutamine, 10% v/v fetal bovine serum (HIMEDIA, India), 100 μg/mL streptomycin (Invitrogen) and 250 IU/mL penicillin (Invitrogen), in 75 mm2 tissue culture flasks at 37°C in a humidified atmosphere under 5% CO2 until they reached 70–80% confluence.
Preparation of stock virus 
 Saliva of SARS-CoV-2 infected patient (volunteer donor) was collected and it was used as source of virus. Saliva was diluted ten time in PBS solution, passed through 0.022 µm Millipore microfilter,  mixed with Vero- E6 cell culture  in tissue culture flak and  was incubated at 37°C for 96 h, and then examined for cytopathic effect(CPE) in infected cells as described by Ksiazek et al14. Virus was harvested when infection  reached approximately 80% of the cells  in flask as indicated by  cytopathic effect (CPE). The infected cell line  was kept in -200C to freeze and then  thawed and  centrifuged at 2000 rpm for 20 min to remove cell debris  and the culture supernatant was taken  and kept  at−850C for further use.
UVC (cycle ) radiation treatment 
Virus /diluents  mixture samples were kept  in 24-well plates and 1 cm was the volume depth at the center of the  each well.  This 24 –well plate containing  viral sample  was kept inside the machine at  the distance  between  the bottom  of plate well and UVC source was 3, 6 and 9 inch  in separate sets and UVC light exposure was 20, 30, 40 min at each case in the . After treatment of  UVC(cycle) radiation, samples were kept  at −85°C  storage. Later samples were used for virus inactivation test by TCID50 assay (Tissue Culture infectious Dose 50%  assay) 
Hear cycle  treatment 
The virus/diluents mixtures were incubated inside the machine  at  different temperatures ( 50,  55,  and 600C)  separately  and samples were removed after  specified  time exposure (20, 30, 40 min). Then samples were kept  at -850C  storage  and  simultaneously used for virus inactivation test by  TCID50 assay.
Quantization of viral titers by TCID50 assay. 
 96-well microtitre plates containing 100 μL of confluent (> 80%) Vero E6 cell line with monolayer  were inoculated with 100 μL of serial 10-fold(10-1 -10-8 ) of dilutions of stock virus in DMEM  with 1% FCS (maintenance medium) and plates were incubated at 370C for 96 h. It was performed in quadruplicate. Later cytopathic effect (CPE) in infected Vero E6 cells was determined by the following the method of Ksiazek et al14.  In short, SARS-CoV2 infected cells observed, under phase contrast microscope,  are rounded, became detached  and they are in close association. This CPE indicated that virus was active for infection while no CPE means  the loss of infectivity of virus i,e. inactivation of virus. The limit of SARS-CoV2  detection for this assay was 1 log TCID50 per mL. It means that below range of 1 log TCID50 per mL indicates  no infectivity of virus. 
Results and discussion 
For effective inactivation of Covid-19 or SARS-CoV2, the principle of this device or machine includes i. UVC radiation (UVC cycle)  and ii. Heat treatment (Heat cycle) ranges from 50-60oC temperature  and iii. copper metal and aluminium. Items kept inside are to be exposed on both UV radiation,  and heat (upto 30-40 min). Here multimodal approach  using UVC(UV cycle),  heat(cycle), aluminium coated wall and copper coating loading tray,  has been treated  for inactivation of SARS-CoV-2. These multi-approaches jointly applied in one machine  to kill /SARS-CoV2 / COVID -19 virus has been first time applied  or not reported earlier. Treatment of virus was conducted within this machine/ cabinet which has been constructed, under the  exposure of UVC cycle ( UVC as specified wattage and time as specified)   and also under heat cycle (temperatures as specified for the specified time exposure). After treatment  of UVC cycle  and heat  cycle separately for 30 and40 min, viral infectivity was tested in Vero E6 cell line  by TCID50 (log/ml) assay. The results (Table 1 and Fig 2) of experiment showed that below 1TCID50(log/ml ) virus has no infectivity in cell line and it  kills or inactivates  99.999% COVID-19/SARS-CoV2  .Ultraviolet light can be an effective measure for decontaminating surfaces that may be contaminated by the SARS-CoV-2 virus by inducing photodimers in the gRNA of this virus.  As  a result,  the SARS-CoV-2 virus can’t multiply and became inactivate. So, they are highly susceptible to ultraviolet irradiation. Some important findings of some research works are cited here. Armellino et al15 reported that UV radiation is ideal for decaying SARS-CoV2 and also compared with chemical disinfection. Similarly, it was also reported that UVC is most effective for inhibiting propagation and inactivation  of SARS-CoV2  by some workers16,17. Bianco et al16 experimentally proved that  UVC  radiation  is   the potential virucidal on SARS-CoV-2 using different  illumination doses and virus concentrations and they also noted that  complete inhibition of all viral concentrations was occurred with 16.9 mJ/cm2 radiation of UVC. The  experimental results (Table1) indicated that exposure of UVC light (254nm) (36 Watt) at maximum distance 9 inch from target after 30 or 40 min, viral infectivity goes to below 1 TCID50 (log /ml ) indicating  viral inactivation  and virus with less distance of targets are more inactivation. These observation strongly supported  our method of inactivation of  SARS-CoV-2. ASHRAE18 recommends ultraviolet germicidal irradiation as one strategy to address COVID-19 disease transmission. In addition, other coronavirus, other virus, bacteria or other harmful germs are also inactivation  by UVC irradiation as reported by many scientists time to time. Duan et al. 19 examined the effect of UVC light on SARS-CoV at an intensity of >90 W/cm2 and a distance of 80 cm, and determined that inactivation of the virus occurred at 60 min. UVC can inactivate aerosolized coronaviruses 20,21.  Sun light contains UV A and UV B. Even simulated sunlight  of late winter for 19 min  on SARS-CoV2 of saliva of COVID-19 patient  decayed  this viral particles  and  virus lost its infectivity upto > 90%  and summer simulated sunlight for 6 min decayed SARS-CoV2 present in saliva and it lost its infectivity upto > 90% 22. Inactivation may have occurred more efficiently in our study due to the  greater intensity of UVC light and the closer proximity of the light source. Although UVGI has been proved  to reduce the risk of contact transmission,  but to make more effective and potential COVID-19 inactivation - protocols it has been  designed by multimodal approach. This approach has been supported by CDCP8  and Arguelles23 also has  estimated UV-C dosage for 99.999% inactivation of SARS-CoV2 / COVID-19. CDCP8 recommended  a minimum UV-C dosage of 10000 J/m2  for N95 mask sterilization based on studies that report significant SARS-CoV inactivation (≥3log10) at this dosage but  maximum dose was 36144 J/m2 for SARS-COV and SARS –Co28 for 99.999% of viral particle inactivation((≥5log 10)23. The genome sequences of both SARS-CoV and SARS-CoV2 were analyzed and so they have more or less similar theoretical UV-C susceptibility. In this chamber, four 15W of UVC tubes which are temperature independent (Aquisense technology, NIKKISO group, Kentucy, USA ) are fitted  to irradiate UVC for 30-40 min. The maximum distance of any item from tube has been calculated and it is 9 inch (0.225m).  Therefore,  the exposure time  is 30 or 40min, maximum distance of any target from UVC source is 9 inch.  So the doses of UVC which have been  applied  at 9 inch distance for 30  and  40 min, have been calculated by the formula23 D= t  (np)/4πr 2(where D is dose, t is time, n is an attenuation factor where η ≤ 1, r is distance of  target, P is power or wattage of UVC tube) and they  are approximately 13,749 J/m2 and 18,331 J/m2 respectively. More shorter distant item or object  from source of UVC is subjected to more dose of UVC. The recommended  minimum dose  is 1000 J/m2 and maximum  is 36144J/m2 for 99.999%  inactivation of SARS-COV and SARS-CoV2 8, 23. So 30-40 min exposure of UV C is  more than sufficient to inactivate the SARS-CoV2. 
Table 1 Effect of  UVC radiation at different distance on inactivation of COVID-19 virus ( express in term of TCID50(log/ml ) at different  time (min) exposure
	Time in min
	TCID50 ( log/ml) ±SE on different distance of  UVC tubes
	

	
	control
	9 inch
	6 inch
	3 inch
	

	0
	8.81±0.37
	8.47±0.33
	8.99±0.24
	8.17±0.33
	

	20
	8.32±0.40
	3.13±0.39
	1.04±0. 32
	0.93±0.12
	

	30
	8.90±0.22
	0.71±0.01
	0.43±0.04
	0.35±0. 03
	

	40
	8.72±0.23
	0.45±0.02
	0.22±0.01
	0.08±0.002
	


Note: Below 1TCID50(log/ml ) means virus has no infectivity and it kills or inactivates  99.999%(≥ 5 log) of COVID-19/SARS-CoV2
  Since ancient time heat is one of important methods for inactivation and killing of germs or microbes and still its application  is continuing for this purpose 24. So,  the arrangement for  heat generation to raise temperature 50- 60 0C is fitted in this machine  and  exposure of items on  this temperature for the same time. As we know any UV light efficacy is not disturbed upto 600C temperature, so, along with UVC, heat treatment was also applied. Moreover, in this machine or chamber temperature independent UV light is designed to fit. After literature search, some original data have been reported that  thermal treatment is very effective for viral inactivation  and to reduce infectivity of different strains of SARS-CoV by at least ≥4 log10 as for examples  treatment of 800C for 1 min25, 650C for 15 min 26 and   600 C for 30 min 27, 560C for 30 min28. It was reported  that at 560C most of SARs-CoV  was inactivated after 20 min. and  greater than 15 min of UVC treatment inactivated the virus29, Laude30 determined that thermal inactivation of another coronavirus, transmissible gastroenteritis virus of swine, also occurred faster at higher temperatures, such as 47 and 550C. The experimental results (Fig 2) also show that under   exposure of heat at both 550C and 600C for 30 and 40 min time duration,  viral infectivity  is below 1 TCID50(log/ml), so these temperatures  are capable of inactivation of SARS-CoV2  after exposure of 30 min or above. Heat is an effective means of SARS-CoV inactivation, but , stocks containing viral  aggregates  in laboratory may require a longer duration of heat exposure. Darnell and Taylor26  conducted experiment  to test the ability of heat to  inactivate SARS-CoV, They treated normal human serum containing SARS-CoV virus  with  56 and 650C temperature in water bath  for different times, and they observed that  serum exposure to   560C for 20 min  and to  650C for 10 min inactivated virus  to the level of the detection limit for the assay. Treatment of virus was conducted within this chamber which has been constructed  by  UVC as specified and also by temperatures as specified for the time exposure. After exposure of UVC and heat cycle  separately for 30 and 40 min, viral infectivity was tested in Vero E6 cell line  by TCID50 (log/ml). Results show that in both cases (UVC and heat cycle) TCID50 goes  below detection level i,e. less than  1 TCID50 (log/ml. The mechanism of heat inactivation  lies on the fact that it  denatures  the secondary structures of proteins, changes  the conformation of virion spike proteins  involved in attachment and  denature  proteins responsible for  replication within a host cell31,32. The effect of heat is explained by thermal aggregation of the SARS-CoV membrane protein 33. It was shown that the nucleocapsid protein of SARS-CoV is completely denatured in 10 min at 550C 34, 35. In addition to UVC and heat, in this cabinet, item loading rack is coated with pure copper metal, Literature shows that SARS-Cov-2 becomes inactivated  on  copper metal surface 36, as a results this metal  enhances  decontamination of the surface of items which will be in touch with copper.  

Fig 2 Graphical presentation of effect of different temperatures  at different time interval on inactivation of SARs-CoV2 
    In conclusion, this  machine or chamber with multi-model approach for decontamination, must be an ideal or innovative  tool for SARS-CoV-2 or COVID -19 inactivation/decay from  different purchased items (fruits, vegetables, paper, parcels, masks, milk pouches, etc.) which are treated in this chamber by UVC radiation, heat and copper metal). Under the COVID -19 pandemic situation, this cabinet may reduce the anxiety of common to elite  persons by cutting the chain of transmission of this virus through these purchased items from markets. Moreover, this tool  may be useful in office, hospital, nursing home, etc for this virus inactivation purpose.  
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