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1. Introduction 

The serious issue that is being looked by the practitioners, clinicians and doctors are microorganisms that occur 

within the healthcare facility ordinarily where disinfection is not given considerable attention. Severity of contaminated 

bacteria inside clinical/hospital rooms has always been a cause of infection which can lead to fatal infection. Strategies 

has still been discovered and research is still been done for cleaning and disinfecting things associated specially with 

healthcare to minimize the occurrence of healthcare associated infections (HAIs) [1 - 3]. The environment serves as a 

reservoir for microorganism which also allows the transmission of epidemiologically significant pathogens such as 

methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus (VRE), Acinetobacter spp., 

Clostridium difficile and norovirus [3 - 5]. The bacteria generally involved in infection are Staphylococcus aureus which 

have been isolated during the study and found to be around 93.5%, Enterococcus faecalis (71.1%), Pseudomonas 

aeruginosa (52.2%), anaerobic bacteria (39.1%) and coagulase-negative staphylococci including Staphylococcus 

epidermidis with around 45.7% as per studies [6]. The band of ultraviolet-C (UV-C), 200 - 300 nm has played a pivot 
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role for effectively disrupting bacterial deoxyribonucleic acid (DNA) due to its germicidal effects and several procedures 

have been followed by the practitioners till today for treating the surface and water contamination. The very first thing 

recommended to avoid prolongation in healing of wound and to control the infection is cleaning. There are various 

disinfection techniques that have been proposed and are globally embraced, since pathogens are more likely to be 

transmitted by the hands that are often contaminated by human touch and the surface areas such as public toilets, door 

handles, bedside tables, phones, nurse call buttons and patient beds or seats [7]. 

 

Nosocomial Infection associated with hospital has been a major problem in today’s world. Numerous 

epidemiological studies have been carried out to reveal the cause of such infection specially in western countries. The 

studies have shown promising improvement in decontaminating the environment and controlling infection by taking 

several control measures [8]. It is reported that ventilator-associated pneumonia (VAP) followed by central venous 

catheter-related bloodstream infections (CRBSIs) are the most common and important nosocomial infection generated in 

healthcare globally [9]. Lack of policies and control measures to overcome such issues has been a major problem to 

estimate the frequency of infection among the patients acquired from healthcare facilities in developing countries. 

Therefore, surveillance data are provided by International Nosocomial Infection Control Consortium (INICC) to acquire 

performance feedback to reduce the rate of infection majoring focus on education, hand hygiene and other control 

measures globally. The results concluded by INICC showed that infection control strategies significantly controlled and 

reduced infection rate in developed countries where reported baselines were 55.8 % for VAP, 54 % for CRBSI and 375 

for catheter- associated urinary tract infection (CAUTI) [10, 11]. Information gathered from African countries about 

epidemiology and surveillance of hospital acquired infection is still lacking which shows the lack of resources and 

economic crisis. Some positive results were reported after WHO’s implementation of hand hygiene strategies were 

followed stating that these guidelines were effective in controlling measures in low-income settings [12].   

 

Several methods of disinfection have been demonstrated for disinfection purpose such as fluorescent dye and 

chemical germicides, that are used to disinfect and clean the environment which is still considered inadequate for proper 

disinfection [13, 14]. The procedures for disinfection followed conventionally are still not up to the mark as it is still not 

adequate for proper disinfection specially for medical equipment such as the usage of fluorescent dye which shows 

improved cleaning and have led to reduction in healthcare-associated pathogenic infection [15]. Chemical germicides 

and fluorescent are not adequate enough to counter contamination. “No-Touch” methods are introduced such as (UV-C 

light and hydrogen peroxide system) to improvise the quality of disinfection and environmental surfaces in patient rooms 

especially in intensive care units (ICUs) [16].  

 

The ultraviolet-light emitting diode (UV-LED) technology has gained tremendous reputation in research and 

development industries. A subsequent increase in UV-LED manufacturers has been observed in market since the 

technology carries huge importance over the past few years. UV-LEDs have been manufactured not solely for electronic 

appliances which have changed the lightening industry completely but also have become available for the purpose of 

disinfection for various healthcare applications. The development of UV-LED at a rapid pace is replacing conventional 

disinfection application hence becoming a strong competitor specially for the applications used for disinfection. UV-

LED that comes with a spectrum band of 200 – 300 nm is known to be called deep UV-LEDs while on the other hand 

the spectrum band from 300 to 400 nm of wavelength are considered near UV-LEDs. UVC-LEDs become commercially 

available ever after the technological advancements in nitride semiconductors. Due to the numerous advantages, a sweep 

in trend has been seen in whole of lightening industries which shifted from conventional lamp to light LEDs, yet it is 

considered a potential replacement for traditional UV sources in years to come. The most commonly seen UV-LED 

material such as III-nitride which includes gallium nitride (GaN), aluminum nitride (AIN) and aluminum gallium nitride 

(AGaN) where UV emission with 210 – 365 nm of wavelength can be obtained when such materials are used for 

development [17]. The wavelength ranging from 100 nm to 300 nm are considered to be the best for germicidal activity. 

The new era and recent studies are widely focused over the application for the purpose of disinfection majorly for water, 

food and healthcare [18, 19].  

 

The existing UV lamps commercially available for disinfection purpose are available but at high cost. Availability 

of such conventional lamps utilize low pressure mercury and xenon technology which leaves many downsides of 

technology such as toxicity of mercury that is being used in the lamps and the power such lamps consumes to operate. 

Food & Drug Administration (FDA) disapproves low-pressure mercury lamp being non-ecofriendly thereby toxic to 

environment due to the presence of mercury contained in fragile glass [20]. UV-LED can draw its attention and take over 

low-pressure mercury lamp (LP-ML) technology if the projection could meet the required dosage. On the other hand, the 

conventional lamps that operates at approximately 130oC for monochromatic and minimum temperature of 300oC for 

polychromatic. For the germicidal UV lifecycle, Low Pressure (LP) have a short lifespan of 8000 – 10000 h whereas for 

Medium Pressure (MP) the lifespan restricts till 8000 h maximum before they need replacement [21]. The other 
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conventional lamps utilize Xenon which is another source of UV-C. The main drawbacks of xenon lamps lie in term of 

its operating specification where the functioning requires high power to operate and produce enormous temperature 

approximately 500oC which makes excessive maintenance. The lamp requires protocols such as warming up the room 

prior treatment. Also, the output light stability which is not very efficient with the lifespan which is short requiring 

frequent replacement of lamp that simultaneously add huge cost to the users [22]. 

 

Since the literatures do not show the disinfection system based of UVC-surface mounted device (UVC-SMD) for 

treating healthcare associated surface bacteria, the goal of this study was to evaluate the effectiveness of UVC-SMD. The 

investigation would help to develop low-cost UVC-SMD based disinfection system which would substitute the use of 

conventional disinfection robots in the healthcare facilities. The development of UVC-SMD based disinfection system 

would help to minimize the use of hazardous and high-power operating disinfection system such as mercury-based UV 

lamps and other room disinfection robots that are commercially available and will promisingly encourage better 

feasibility and environment of healthcare sector. 

 

2. Methodology 

The system was designed for the exposure of 275 nm Everlight’s UVC-SMD where UV-C irradiation was directly 

exposed over S. aureus (ATCC 15442) spread on agar plates. The exposure duration was set for 10, 30 and 60 s at a 

distance of 5 cm illustrated in Figure 1. The exposure duration were chosen based on the disinfection effectiveness in our 

previous study. Since the maximum distance chosen to treat bacteria was 2 cm by utilizing Cree’s UV-C LED in the 

recent investigation by Sheikh et al. [23], this study focused on the distance of 5 cm to investigate the efficiency of 

disinfection treated by 275 nm Everlight UVC-SMD. The duration of exposure was set for the lowest of 10 s and 

maximum of 60 s to examine the minimum and maximum doses, having applied on the sample with the minimal 

utilization irradiation. 

 

 
 

Figure 1. UVC SMD exposure over bacteria sample and analyzation of irradiance at 5 cm distance 

 

All apparatus and equipments associated with the in vitro bacterial disinfection test were disinfected with an 

autoclave (HVE-50, Hirayama, Japan) at 120°C for 30 min. A circular wired loop attached to metal strip was utilized to 

plunge bacteria from bacterial stocks tenderly. The bacteria were streaked on Luria-Bertani (LB) agar plates by utilizing 

a back-forward technique. The agar plates were incubated in a lab incubator hatchery (SI-50D, Tech-Lab Protech, 

Malaysia) at 37°C for 48 h to develop the isolated bacterial colonies. According the recent studies by Sheikh et al. [23], 

five isolated colonies of confined S. aureus were extracted from the agar plates and suspended in 0.5 mL of saline 

solution. The turbidity of the bacterial suspensions was contrasted with 0.5 McFarland to get an assessment of 1 × 108 

cells/mL. The bacterial suspensions were then spread on another LB agar plates by utilizing cotton buds. The bacterial 

suspensions were spread various times to affirm that no region on the agars was left empty.  

The agar plates were then exposed directly under the UV-C source at a distance of 5 cm with various exposure times 

of 10, 30 and 60 s. One out of four bacteria spread agar plate was left untreated as the Control sample. The plates were 

then permitted to dry and again incubated at 37°C for 24 h. The post-test following the inhibition test was conducted 

using ImageJTM software. The irradiance was calculated using UVC digital irradiance Meter (GraigerTM) and the doses 

were calculated. 
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3. Results & Discussion 

UV-C radiation is considered best for germicidal activity and is used to treat bacterial contamination [24]. In the 

previous study, the effectiveness of UV-C irradiation was demonstrated over S. aureus and P. aeruginosa when the light 

source was kept at a maximum distance of 2 cm, away facing directly over the samples at the center. The results showed 

the significant amount of bacterial inactivation when the samples were treated for 30 and 60 s [18]. Another study 

demonstrated the effectiveness of pulse UV-C irradiation cycle for 5 mins over different types of bacteria such as MRSA, 

VRE, K. pneumoniae and E. coli exposed at 1 m distance caused significant reduction of 5log10 CFU/cm2 [25]. Several 

studies [26 - 30] also showed the characteristics of commercially available UV-C disinfection systems in which the LEDs, 

Xenon and Mercury lamps sourced with UV-C were explored in terms of their characteristics such as lifecycle, heat 

generation, required warm-up time and environmental aspects. The studies put notes on the the lifecycle of all three 

sources and confirmed UVC-LED for having the longest lifecycle which was more than 20000 h unlike Xenon and LP 

Mercury lamps. The heat generations in LP Mercury Lamps (LPML) and Pulse Xenon lamps (PX) were high enough 

which required frequent maintenance of the tube and overall whereas for UV-C LEDs, there was no heat generation and 

the system did not necessitate any kind of maintenance. Also, the study mentioned on the warm-up time which is required 

by LPML and PX lamps prior treatments whereas for UV-C LEDs, no warmup time is needed. The mercury and xenon-

based disinfection systems are also considered fragile due to the glass tubes which can break easily whereas for UV-C 

LED, the SMDs are light weight and can barely break. Also, the PX and LPML consume excessive power to operate 

compared to SMD LEDs.  

 

In this study, the investigation was done on S. aureus being the most frequent occurring surface bacteria [31] and 

the irradiation was applied at the highest distance of 5 cm for 10, 30 and 60 s to evaluate the efficiency of the Everlight’s 

6565 UVC-SMD LED to prove the germicidal with respect to exposure time. Since in the recent study conducted by 

Sheikh et al. [18], it was proven that with the increase in distance and time duration, the inhibition region was increased 

simultaneously, and the highest record of 5.40 ± 0.10 cm was achieved. Subsequently for this investigation, the distance 

of 5 cm was chosen to see the difference in inactivation when the source with same wavelength was taken 3 cm further 

away from the samples and the samples were exposed at a maximum distance of 5 cm. The UV source was kept 5 cm 

away from the sample pointing the center of the sample in downward direction since the intensity remained maximum at 

the epicenter [32]. 

 

In this study, Figure 2 shows the region of bacterial inhibition post UVC-SMD exposure on S. aureus. It was noticed 

that despite of any increment in the distance between the source and the samples, the area of the zones kept increasing 

with the duration of exposure, hence proving the importance of time over distance for optimal inactivation. The 

disinfection of S. aureus at 10 s exposure, the mean inhibition zone of 2.56 ± 0.03 cm was observed when the distances 

were measured in horizontal, vertical and diagonal directions as illustrated in Figure 2. Followed by the continuous 

exposures for 30 s and 60 s, the inhibition zones of 3.93 ± 0.08 cm and 4.53 ± 0.03 cm were noticed respectively.     

 

 
Figure 2. Inhibition zone measurements of S. aureus post UVC-SMD LED exposure: (a) Control, (b) exposure at 10 s, (c) exposure 

at 30 s and (d) exposure at 60 s 

 (c) (d) 

 (a) (b) 
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Table 1. Inhibition zone measurements of S. aureus post UVC-SMD exposure 

Dosage and Inhibition Zone Analysis 

UV-C SMD (4 W, 275 nm, 300 mA, 15V) 

  10 s 30 s 60 s 

Measurement Direction Distance (cm) 

X-Axis 2.6 3.9 4.6 

Y-Axis 2.5 4 4.5 

Diagonal-Axis 2.6 3.8 4.5 

Mean ± SD 2.56±0.03 3.93±0.08 4.53±0.03 

 

The smallest region of inhibition of 2.56 cm ± 0.03 was attained when the minimum dose amount of 17 mJ/cm2 was 

applied to the samples. At 30 s of UV-C exposure duration, the medium region of inhibition was achieved having mean 

restraint zone of 3.93 ± 0.08 cm when 51 mJ/cm2 dose was applied. The maximum area of inhibition was seen when 102 

mJ/cm2 of dose was applied to the sample. Thereby, a direct relation was found between the amount of dose applied and 

the diameter of inhibition zones. 

The inhibition zones shown in Figure 2 addressed the estimation of the treated areas determined with "horizontal", 

"Vertical and "Diagonal" distances after the bacteria samples were directly irradiated with the UVC-SMD LED at 15 V 

DC and 300 mA continuous exposure. Furthermore, for the 30 and 60 s, the higher records were attained as shown in 

Table 1 when contrasted with the 10 s which showed the immediate relation between the duration of exposure and 

diameter of inhibition zones. However, the distance between the source and the sample was kept constant for all 

experiments. The experiments were performed in triplets to ensure data validity. Therefore, the utilization of UV-C 

exposure for 60 s at 5 cm has shown to be optimal in disinfecting considerable amount of bacterial accumulation with a 

dosage of 102 mJ/cm2. Also, the study proved that with no change in distance, the area of inhibition could increase with 

considerable extent. 

 

4. Conclusion 

The investigations demonstrate and conclude the germicidal activity of 275 nm Everlight's 6565 SMD to achieve 

bacterial disinfection at 5 cm when the samples were irradiated for 10, 30 and 60 s. The study also proved that at 102 

mJ/cm2 of dosage, considerable amount of surface inactivation could be attained. Consequently, the Everlight UVC-SMD 

with 275nm of wavelength is capable SMD to furnish considerable measure of bacterial disinfection with a single SMD 

when exposed for the shortest distance of 5 cm. The usage of multiple arrays of UVC-SMD in future investigation may 

possibly enhance the intensity and supplant the utilization of commercial disinfection robots used for the purpose room 

disinfection where it could help limiting the use of UV-C sources such as mercury or xenon-based lamps. 
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