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Abstract

Some manufactures made UVC LED Strip as disinfection tool against
SARS-CoV2. Therefore, three types of commercially UVC lights were used to
evaluate their efficiency to warp bacteria and viruses. We tested three com-
mercially available UV lights devices. They were put at 4 to 5 cm to spiked
sterile Petri dishes (samples) for 10, 20, 30, and 60 seconds and compared it
to control (without UV light exposure). Also, the same three UV LED devices
were used on Positive SARS-CoV2 swab samples (used for the Petri dishes).
Serial dilutions of the cultured microbes were used for the experiment as fol-
lows: 1/10 (high concertation), 1/100, 1/1000, 1/10,000, 1/100,000 (low con-
certation). All three UV LED devices (DA, DB, DC) were found to have no
effects on the pathogens (Bacteria or SARS-CoV2), even to the lowest Bacte-
ria Concentration (1/100,000), when pathogens were exposed to UV radiation
for 10, 20, 30, and 60 sec at distance a 4 to 5 cm. One of the manufacturers of
these UVC lights (DB) claims that the device is very effective in killing Bacte-
ria and Virus immediately at a 99.93% killing rate (in 20 sec.). This observa-
tion was not noticed. False claims may lead to severe spread of SARS-CoV?2 as
customers may think that the DB was disinfecting, after short exposure, while
truly having no effect.

Keywords
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1. Introduction

The outbreak of SARS-CoV2 (previously called COVID-19) on 30 January 2020
was declared globally as a Public Health Emergency and becomes of Interna-
tional Concern.

The transmission of this virus played an important role in the spread of coro-
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navirus. The public immediately thought of UV light as it is always thought to be
able to destroy pathogens. This is found to be true if irradiation of this UVC is
for relatively long period with power density larger than 90 pW/cm? [1].

UVC LEDs have been found to have many applications such as a biological
agent detection, optical data storage, water treatment, communications and po-
lymer curing [2]. The UVC LED (260 nm to 270 nm) was reported to be useful
for disinfection. It is expected that with the improved development in UV LED
technology (such as UVC tunable wavelengths) UVC LED will be the next gen-
eration disinfection products for medical uses because of their ability to deliver
UV lights with specific wavelengths [3].

Therefore, currently, several manufactures claim that their UVC light sources
can efficiently kill bacteria (sterilizing). For example, Feton Light [4] claimed
that, as an air purifier, UVC light sources are becoming a popular product. Par-
ticularly, in the field of HVAC (Heating, Ventilating, and Air Conditioning),
UVC light sources have shown a strong ability to eliminate viruses and bacteria.

The UVC LED companies use UVC LED Strip & photocatalyst to disinfect air.
Their system eliminates virus/bacterial/ VOCs/animals smelling immediately at a
99.93% killing rate. Their UV system, composed of UVC LED Strip and TiO,
filter, is shown in (Figure 1).

With the widespread of the coronavirus pandemic, some commercial compa-
nies made use of germicidal UV radiation technology (UVC), which was suc-
cessful for many years. Since early March 2020, there has been an upsurge
interest in this technology. Research funding has been granted to many academ-
ic institutions around the world to focus on this old technique that can eliminate
viruses and bacteria with the help of ultraviolet light [5].

Far Ultraviolet radiation (UVC) from the sun, which is among other UV
(UVA and UVB), is filtered out by the ozone molecules in the atmosphere before
it can reach Earth’s surface. Although it will kill germs and viruses (due to its
high-energy; wavelength from 207 nm to 222 nm), it may also cause skin cancer,
destroy our DNA and damage the cornea of our eyes [5]. On one hand, UV
technology has a great potential to kill pathogens but, on the other hand, it can
cause serious and permanent damage on human tissues. Due to the lockdown,
the spread of SARS-CoV2, warning raised by WHO (to clean hands, surfaces,
shopping bags, opening envelopes and delivery packages public) companies find
it more practical to use UVC for sanitizing, especially, hospitals which had been
using it for years to disinfect surgical uniforms. In the present circumstances,
this technology can be applied in different places such as schools, office build-
ings, and restaurants to disinfect them from coronavirus before being open
again. Another recent example is UV Angel, a pathogen control company, which
has successfully introduced two new products to the market. These products
have attracted people from different horizons, and interestingly from markets
outside the healthcare world [5]. Among companies’ UVC light applications are
sanitizers, which are popping up as potential coronavirus killer, either on our

hands or on the electronic devices such as the smartphones [6]. Buonanno et al
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How it works

Feton UVC Sterilizing Process

Double Sterilizing Process: ™

1. TiO, was irradiated by Uv LED Strip (UVA+UVC)

2. Under Photocatalyst, strong oxidizing agent OH+ is produced

3. OH+ start to surround and destroy germ cells

4. Harmful substances & allergens are disintegrated into H,0 & CO,

5. For virus not killed by TiO,, UV-C can offer supplementary function.
Photocatalytic Activity

Organic compounds of
e —_> @ —_— bacteria and molds N

o
TiO, @

0\ Formaldehyde! benzene
@ -_> @ -_> TOVC and others ~

r harmful substances

Figure 1. Advertisement of Feton technology in killing pathogens using composed of UV
LED Strip and TiO: filter [4].

[7] reported that UV light radiation at wavelength 254 nm, has shown a certain
efficiency as a virus killer, but, unfortunately, it can also constitute a health ha-
zard to human skin and eyes. However, far UVC light with a wavelength rang-
ing from 207 to 222 nm has been found to be an efficient pathogen Kkiller,
without any unwanted side effects on human eyes and skin. Moreover, it was
claimed [8] [9] [10] that far-UVC radiation (wavelength 222 nm) can elimi-
nate airborne influenza virus with a high efficiency. Buonanno et al [7] re-
ported that a relatively low dose, such as 1.2 and 1.7 mJ/cm? (about 4 mW/m?)
could inactivate up to 99.9% of aerosolized coronavirus 229E and OC43, respec-
tively. They also reported that for a distance between the UVC source and the
sample of 22 cm, at a given a period of 20 seconds, the needed total UVC expo-
sure to kill a SARS-CoV2 was only about 2 mJ/cm? (~6 mW/m?) [7]. Ponnaiya et
al. [11] have shown that far-UVC light (wavelength 207 nm to 222 nm) is a very
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efficient killer to bacteria without any damage to the human tissues. They in-
sisted on the important appropriate optical filter to be added to the UVC source
in order to block all radiations with wavelengths longer than 230 nm, which may
be harmful to human tissues and eyes. Browsing Amazon website [12] leads to
plentiful UVC LED lamp devices such as sanitizers. Their prices are very afford-
able (range from US$60 to 100) and each product has a list of positive testimony,
which may encourage and attract people to purchase.

A company representative approached the University of Bahrain (UoB) to
market a UVC device (DB), in June 2020; the peak month of the infected cases
by SARS-CoV2 in Bahrain. It was claimed that this device would offer a rapid
cleanup of objects from viruses and bacteria, ie. just by scanning the object for
15 sec to 20 sec (Figure 1). The manual states that it is enough to sweep the UV
disinfection device (UVC LED stick) for 5 to 10 seconds, at a distance few inches
away from the surface of the object. The energetic UVC emitted from the LED
lamp (wavelength 270 nm to 280 nm) is capable to warp the pathogens since it
has high antibacterial rate that reaches 99.99% (Figure 2). The evidence of this
claim, according to the company, is available on the leaflet included in the device
(Figure 3). Therefore, we decided to study the efficiency of UVC lights in
immolate pathogens, especially SARS-CoV2. We had chosen another two devic-
es (DA and DC) out of curiosity; the manufacturer of these two devices never
claims that it kills pathogens.

This study was designed to investigate the effect of different UVC lights intensity

Device C; UV Torch-3 W

Figure 2. Three UV light tested for their ability to kill Bacteria or Viruses.
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Figure 3. Instruction on how to use DB: LED Ultraviolet Sterilization, UVC UV Steriliza-
tion Lamp 2W, 6 lamps, Portable.

on the growth of four different types of microbes (Staph aureus, E. colj, Asper-
gillus Flavous and SARS-CoV2) with different variables (exposure time and mi-

crobial load/concentration.).

2. Methodology
2.1. Method for Bacterial and Fungal Test

1) Certain types of microbes; Staph aureus (ATCC No. 43300), E. coli (ATCC No.
35218), and Moulds (ATCC No. Aspergillus Flavous 204304) from microbiology
department in public health laboratory-MOH, have been inoculated in Buffer
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Peptone Water BPW and kept @ 37°C for 18 - 24 hr (overnight).

2) Serial dilutions of the cultured microbes from step 1 have been made; 1/10,
1/100, 1/1000, 1/10,000 & 1/100,000 and dilution 1/100,000 areee used for the
experiment.

3) Swabs from both concentrated and diluted bacterial and fungal culture
were used to inoculated Nutrient agar and OGYA agar respectively.

4) One set of the inoculated culture media was at control without exposure to
UVC light and the other used as a Test set with exposure to UVC light.

5) Each of the dilution culture of the Test set was exposed to UVC light from
the instrument on timely intervals of 10 sec, 20 sec, 30 sec, 60 sec with distance
of 4 to 5 cm above the plate.

6) All inoculated Control and Test samples incubated overnight @ 37°C.

2.2. Method for Bacterial & COVID19 Test

1) Known SARS-CoV?2 positive sample (from Public Health lab, communica-
ble disease unit) with cut of titer CT of 21 used to inoculate sterile plate for the
trial.

2) Sterile swab used to spread for control without exposure to UV light and
five other plates used for testing with UV light.

3) Each of the five inoculated plates with bacterial growth and SARS-CoV2
was exposed to UVC lamp on timely intervals of 10 sec, 20 sec, 30 sec, 60 sec
with distance of 4 - 5 cm height from the plate and Swabs were taken directly
from the UV time exposure of each control and test samples.

4) The control samples were incubated @ 37°C without exposure to UV light,
while the test samples were exposed first to UVC light from the device for both
of Bacterial as well as for SARS-CoV2.

3. Result & Discussion

Figure 4 shows the Serial dilutions of the cultured microbes and different dilu-
tion (1/10, 1/100, 1/1000, 1/10,000 and 1/100,000) exposed to different UV light
dose (10, 20 and 30 sec) at a distance from 4 - 5 cm. The results show, clearly,
the ineffectiveness of UV light on the Bacteria.

Figure 5 shows five inoculated plates with bacterial growth and SARS-CoV2
exposed to different UVC light dose (10, 20 and 30 seconds) at a distance from 4
- 5 cm. The results show ineffectiveness of UVC light on SARS-CoV2.

Table 1 shows the result of microbial culture (Staph aureus, E. coli) with and
without exposure to UV light when using DA. The manufacturer of this device
never claims it is suitable for disinfection from pathogens. The emitted UVC was
not efficient even with the lowest bacteria concentration.

Table 2 shows the result of microbial culture (Staph aureus, E. coli and
Moulds) with and without exposure to UVC light using DB (called portable UV
disinfection stick). The emitted UVC also shows no effect even with the lowest

bacteria concentration.
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Figure 4. The growth of cultured microbes and different dilution (1/10, 1/100, 1/1000,
1/10,000 & 1/100,000 and dilution 1/100,000) exposed to different UV light dose. The re-
sults show ineffectiveness of UV on the Bacteria.

Figure 5. Five inoculated plates with bacterial growth and COVID19 exposed to different
UV light dose. The results show ineffectiveness of UV on COVID-19.

Table 1. Result of microbial culture (Staph aureus, E. coli) with and without exposure to

UV light when using DA.
Dilution
Condition Time Intervals
1/10,000
10 sec High Growth
20 sec High Growth
Without UV (Control)
30 sec High Growth
60 sec High Growth
10 sec High Growth
20 sec High Growth
Exposure to UV
30 sec High Growth
60 sec High Growth
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Table 2. Result of microbial culture (Staph aureus, E. coli and Moulds) with and without
exposure to UV light using DB (called portable UVC disinfection stick).

Dilution
Condition Time Intervals

1/10,000
10 sec High Growth
20 sec High Growth

Without UVC (Control)
30 sec High Growth
60 sec High Growth
10 sec High Growth
20 sec High Growth
Exposure to UVC

30 sec High Growth
60 sec High Growth

Table 3 shows the results of microbial culture (Staph aureus, E. coli) with and
without exposure to UV light using handheld UV torch device (DC). The man-
ufacturer never claims its efficiency for disinfection. Akin to the previous cases,
the emitted UV also shows no effect even with the lowest bacteria concentration.

Table 4 summarizes the result of exposure to UV light dose for various time
(from 10 to 30 seconds) at a distant of 4 - 5 cm. The microbial cultures (Staph au-
reus, Pseudomonas aeruginosa, E. coli, Yeast, Bacillus cereus, and Moulds) were
found to be unaffected by UVC light exposure from the three devices.

On testing the effect of UVC light on SARS-CoV2, similar results were ob-
tained - as expected. None of the three devices had shown any trace of an effect
on pathogens. The results are shown in Table 5.

Many reported works [13] [14] [15] [16] [17] had reported the advantage in
UVC light for partial disinfecting but only at much larger exposure cycle and not
at low dose (low power and exposure time —20 sec). Rutala et al [18] reported
exposure time of 5 min to achieve an overall 3.56-log10 reduction for MRSA and
when patient’s room walls were treated with UVC reflective wall coating, the
Optimum UVC achieved an overall 4.5-log10 reduction in 5 minutes.

Pavia ef al [19] reported that UVC implementation was associated with a 44%
reduction in viral infection incidence among pediatric patients in a long-term
care facility when included as an adjunct to standard cleaning protocols over a
12-month period. There results suggest that UVC technology is a potentially
important component of eliminating the environment as a source of viral infec-
tions when used as long-term. Furthermore, the work of Malhotra et al. [20] in
using UVC for pathogenicity of health care providers’ mobile phones was con-
ducted before and after the UVC device’s 30-sec disinfecting cycle, at the begin-
ning and end of a 12-hour shift.

It was noted that purchasers of such UVC devices as well as interested in ac-
quiring it are of age 40 to 60 years. This is nearly the most common age that was
reported to have caught SARS-CoV2 in the early stages of the spread of the disease
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Table 3. Result of microbial culture (Staph aureus, E. coli) with and without exposure to
UV light using handheld UV torch device (DC). The manufacturer never claim it is for

disinfection.
Dilution
Condition Time Intervals

1/10,000
10 sec High Growth
20 sec High Growth

Without UV (Control)
30 sec High Growth
60 sec High Growth
10 sec High Growth
20 sec High Growth
Exposure to UV

30 sec High Growth
60 sec High Growth

Table 4. Results of the microbial cultures (Staph aureus, Pseudomonas aeruginosa, E. co-
I, Yeast, Bacillus cereus, and Moulds) after exposed to UVC lights (DA, DB and DC) at
different intervals.

; Dilution
Condition T1mel
Intervals Concentrated  1/10 1/100 1/100 1/10000
10 sec  High Growth High Growth High Growth High Growth High Growth
Without
Gv(éu 20sec  High Growth High Growth High Growth High Growth High Growth

30sec  High Growth High Growth High Growth High Growth High Growth

10sec  High Growth High Growth High Growth High Growth High Growth

Exposure to

uve 20 sec  High Growth High Growth High Growth High Growth High Growth

30 sec  High Growth High Growth High Growth High Growth High Growth

Table 5. Result of SARS-CoV2 positive sample swab with and without exposure to dif-

ferent UVC lights.
Condition Time Intervals Result
10 sec SARS-CoV?2 Detected
20 sec SARS-CoV?2 Detected
Without UVC
30 sec SARS-CoV2 Detected
60 sec SARS-CoV?2 Detected
10 sec SARS-CoV?2 Detected
20 sec SARS-CoV?2 Detected
Exposure to UVC
30 sec SARS-CoV?2 Detected
60 sec SARS-CoV?2 Detected

[21] [22]. Unfortunately, the claims of such devices are vague, Ze. they are una-
ble to immolate SARS-CoV?2.
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As long the virus exists and is spreading fast and overwhelmed health systems
causing widespread social and economic disruption people will vulnerable to
purchase devices claiming to kill or immolate SARS-CoV2.

This pandemic will alter the world forever and new medical product will be in
the market — whether genuine or fake! There will be increased confidence in
technology and nations will invest more in public health. According to Tabish
[23] an economic slowdown, severe recession, plummeting revenue, increased
expenditure, and mental health issues could be the emerging challenges.

Investing in public health, preparedness, and relying on science will bring a
better future. It is hoped that standardized protocol for testing UVC against
SARS-CoV2 comes soon.

4. Conclusions

All the three UV devices (DA, DB and DC) have no effects on reducing the mi-
crobial growth with the dilution made at exposure time intervals. Therefore, it
can be concluded that DB is not achieving its marketing claim of warping bacte-
ria and viruses effectively and promptly. False claims may lead to severe spread
of SARS-CoV2 as customers may think that their hands or objects have been
sterilized and disinfected after being exposed to UV light devices, while, such
devices seem to have no effects. It is worth mentioning that there is no clear
protocol to be followed to test the efficiency of UVC light on SARS-CoV2.

Based on previous work [7], the UV dose provided by these three devices is
believed to be much less than 1 pW/cm? Other standardized protocols should be
followed for testing the effect of UVC light on SARS-CoV2 using further UVC

treatment time intervals.
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