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Abstract

Background
The Coronavirus Disease 2019 (COVID-19) pandemic presents important infection control challenges for
the health care facilities. Proper cleaning of the patient's room after the discharge of the patients is
important to protect the housekeeping staff as well as other patients

Methods
In this study, we reviewed our experience with a novel multipurpose hybrid UV disinfecting and air
disinfecting robot and the impact of it for preventing hospital cleaners getting occupational COVID-19
infection.

Results
Between 11, March 2020 and 11 December 2020, a total of 301 children with COVID-19 were hospitalized
at the COVID-19 ward. The mean hospital stay was 3.77 ± 2.71 days (range from1 to 20 days) and total
COVID-19 related-care. The mean working time was 9.4 ± 1.6 months (range 5 to 10 months). The total
working hours for a month for one hospital cleaner was 196 to 204 hours per month. The total duration
of the UVC-robot was 491 hours 33 minutes for fans and 473 hours 20 minutes for UV lamps. During the
follow-up period, two of the hospital cleaners had de�nitively community-acquired COVID-19 infection,
but none of them had symptomatic COVID-19 infection during the study period.

Conclusions
During the COVID-19 pandemic, none of the hospital cleaners got hospital-associated COVID-19 infection.
The combination of personal protective equipment in addition to UVC-robot integrated environmental
disinfection is an important strategy to protect health-care workers.

Background
The Coronavirus Disease 2019 (COVID-19) pandemic presents important infection control challenges for
the health care facilities (1). The transmission was reported to occur via droplet, fomite and airborne
routes as a result of aerosol-generating procedures (2–4). In addition to respiratory route, contact with
contaminated surfaces possess the transmission (2, 5). The proper housekeeping and cleaning the
patients' rooms after the discharge of the patients with COVID-19 is essential to avoid cross-infection to
the upcoming new patients. The appropriate designed negative pressure isolation rooms in even
developed countries are not enough regarding the COVID-19 pandemic. Isolation of the patients with
COVID-19 infection in these rooms not only protects the patients but also protect the healthcare workers
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(HCWs). Also, proper cleaning of the patient's room after the discharge of the patients is important and
crucial because the environmental contamination by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was well demonstrated (2, 4, 5). Moreover, the housekeeping personnel also spends at least
20–30 minutes for cleaning, disinfecting including high-touch surfaces, thus will increase the time spent
in the patient room and will increase the risk of the cleaners especially at the inadequately ventilated
rooms.

For now, a regular, standard and detailed cleaning of the surfaces in the patients’ rooms is required. There
is also a necessity to reduce human exposure to probable contaminated surfaces. Therefore, cleaning
and disinfection robots may promise solutions (6–12). In such cases, currently the robots are used
routinely for cleaning the Hong Kong metro and the Smart Field Hospital in Wuhan in an attempt to
reduce the spread of SARS-CoV-2 (13, 14).

In this study, we reviewed our experience with a novel multipurpose hybrid ultraviolet (UV) disinfecting
and air disinfecting robot and the impact of it for preventing hospital cleaners getting occupational
COVID-19 infection during working at COVID-19 pandemic.

Methods:
Setting

This cohort study was performed at the COVID-19 pandemic clinic at Dr Behçet Uz Children’s Hospital, a
400-bed academic hospital in İzmir, Turkey during the period between 11, March 2020 to 11 December
2020. The COVID-19 pandemic ward has 13 rooms with a 25-bed capacity. Starting from the
announcement of the �rst COVID-19 case in Turkey (March 11, 2020), the ward has been serving as a
referral COVID-19 service for children. From the �rst announcement of the �rst COVID-19 case in Turkey,
dedicated COVID-19 wards, a total of 301 children with COVID-19 patients were hospitalized at the ward.
Patients were generally hospitalized with their COVID-19 parents in which the COVID-19 status was not
clear or COVID-19 real time – polymerized chain reaction (RT-PCR) was present.

We de�ned COVID-19–related hospitalizations by a positive SARS-CoV-2 reverse-transcription polymerase
chain reaction (RT-PCR) test result during a hospitalization or within the 14 days before admission (15).
The occupational COVID-19 infection was de�ned as the presence of symptoms, positive for RT-PCR for
SARS-CoV-2, exposure to COVID-19 patient with at least one of the personal protective equipment (PPE)
was absent at least for 14 days and with no history of close contact with any person with known covid-19
infection in the social life. The data of housekeeping personnel, are reviewed by one infection control
physician independently reviewed the medical records of each case to determine whether COVID-19 was
most likely acquired at hospitalization during or in the hospital-based on the timing of symptoms and RT-
PCR tests and potential exposures within or outside the hospital (15). The housekeepers were monitored
for the symptoms and screened for COVID-19 according to Centers for Disease Control and Prevention
(CDC) risk assessment for HCWs (16).
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Ultraviolet robot and cleaning procedure:
X-CLR UV+® (Asotech, İstanbul, Turkey) is a patented air circulating sterilization, and disinfection in
addition to ultraviolet (UV) sterilization and disinfection of the surfaces (image 1). The robot is equipped
with high-power UV lamps (4 x 36 watts) in addition to another high-power UV lamp inside a channel in
which air passes through two HEPA �ltration. The volume of the air volume was 1250 m3/h (image 1).
The rotation of the device on its axis is 2 rev/min. The machine’s arti�cial intelligence automatically
measures the volume of the room that will be cleaned and calculates the time for the sterilization of the
total air in the room. The UV doses for Multiple Log Reductions for Various Spores were calculated within
the published papers concerning harmful organisms (11,17,18)

Cleaning and disinfection procedure:
After a COVID-19 patient was discharged, the UV disinfection robot was placed to the patient's room by a
hospital cleaner. The hospital cleaner existed the room with closing the room door and hang a warning
sign for not entering the room. The UV robot was settled for automatic calculation and starts to work
after 20 seconds of safety pause.

None of the HCWs was allowed to enter the patient's room while the UV robot was working, and warning
signs are put for occupational safety concerns. The hospital cleaners entered the room with full PPE after
the end sign of the UV robot and did the cleaning procedure according to the infection control committee
protocols including �rst mechanical cleaning with 1/100 chlorine solution (600 ppm), then all devices,
goods, beds, walls, surfaces and corner with a disinfectant chlorine solution, then the bath and restroom
were cleaned.

Data was analysed with SPSS Software version 20 (IBM Corporation, Armonk, NY, USA).

Descriptive analyses of patient and working duration were analysed using relative frequencies, numerical
variables using median or mean (depending on whether they show normal distribution) values.
Signi�cance level was taken as p ≤ 0.05.

The study was approved by Institutional review board of Dr. Behçet Uz Children's’ Training and Research
Hospital

Results:
Between 11, March 2020 and 11 December 2020, a total of 301 children with COVID-19 were hospitalized
at the COVID-19 ward. The mean age of the patients with COVID-19 infection was 8.1 ± 5.6 years (range
from 1 month to 17 years). The mean hospital stay was 3.77 ± 2.71 days (range from1 to 20 days) and
total COVID-19 related-care days were 1132 days.
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A total of 9 housekeepers have been working actively during the study period. Among them 7 (77.8%)
were female. and 2 (22.2%) were male. The age was 40.2 ± 7.9 years (range 28 to 52 years). The mean
working time was 9.4 ± 1.6 months (range 5 to 10 months). The total working hours for a month for one
hospital cleaner was 196 to 204 hours per month. The total duration of the UV robot was 491 hours 33
minutes for fans and 473 hours 20 minutes for UV lamps.

During the follow-up period, two of the hospital cleaners had COVID-19 infection. These two
housekeepers were de�ned as de�nitively community-acquired COVID-19 infection. One of them had
close contact with his father with proven COVID-19 infection during the earthquake that happened in the
city. The second housekeeper had de�nitively acquired community-acquired COVID-19 infection
secondary to contact with an individual with COVID-19 at a family meeting held to celebrate the birth of
her grandchild. The remaining housekeepers had no symptomatic COVID-19 infection during the study
period.

Discussion:
In this retrospective cohort study, the housekeepers were monitored for having occupational COVID-19
infection related to their daily practice at COVID-19 ward in addition to the daily practice with UV
disinfection robot. The UV disinfection robot was found to be highly effective to protect housekeepers in
addition to other precautions including PPE. The two-step cleaning procedure using manual cleaning the
patient's room after the UV-robot is a reasonable strategy, while the need for 20 to 30 minutes per room
requires good planning of the cleaning services.

Although the hospital housekeepers are on the frontline, little data was available including their status
during COVID-19 pandemic. Information about caregivers is usually made up of newspaper clippings or
websites (19). Comparing the high-risk procedures, disinfection of the room after the discharge of the
patient is not a high-risk procedure. The current recommendations of some paediatric hospitals
recommended wearing a mask for any of the personal entering patient room within 30 minutes after
discharge, supporting a possible risk for the hospital cleaners (20). According to the CDC, although
uncommon, SARS-CoV-2 appears to be airborne especially in the presence of infectious person producing
respiratory tract droplets for longer than 30 minutes in an enclosed, non-well ventilated room (21).
Regarding this statement, in a daily-day scenario, if a hospital housekeeper who uses an inappropriate
PPE enters the patient’s room after a short time after the discharge of a patient with COVID-19, can get
SARS-CoV-2 virus. The hybrid UV robots, with appropriate HEPA �lters and UV systems in which air
passes through, will be effective to clean the air in addition to the cleaning of the environment will help in
two ways. In our daily hospital practice, the hybrid UV robot was settled to the middle of the room before
any hospital housekeeper enters the patient room for cleaning after the discharge. This strategy of using
UV robot in our clinic prevented hospital housekeepers from having symptomatic COVID-19 infections
exposure outside the hospital during the COVID-19 pandemic.
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Contamination of surfaces that frequent touched in healthcare settings might play role in transmission of
the virus (21). Human coronaviruses were reported to remain infectious on inanimate surfaces at room
temperature for up to 9 days, however, the exact role of this �nding and survival on the hands are not
well-known (22). The fact about aerosol production with highly contagious patients, the degree of viral
load of SARS-CoV-2 might be an important factor. The World Health Organization recommends ensuring
that environmental cleaning and disinfection procedures are followed consistently and correctly. The
conventional environmental surfaces cleaning with water and detergent and applying commonly used
hospital-level disinfectants (such as sodium hypochlorite) are effective and su�cient procedures (23).
Recent studies reported that UV had successfully inactivated the SARS-CoV-2 (13, 29–31) Also, a recent
review, suggested common UV disinfection procedures also inactivated and SARS-CoV-2 virus was highly
UV sensitive, supporting the usage of UV robots in the daily practice as well (12,21). Moreover, the recent
researches had �lled a big gap and reported that current regulatory exposure limit (~ 3 mJ/cm2/hour)
would result in ~ 90% viral inactivation in ~ 8 minutes, 95% in ~ 11 minutes, 99% in ~ 16 minutes and
99.9% inactivation in ~ 25 minutes (7). In our practice, an average of 20–25 minutes of UV robot was
used to ensure the optimal disinfection of the surfaces and the conventional cleaning was performed
after the performance of UV robot.

There are some limitations with the study, the COVID-19 infection was screened with the symptom-based
(according to the CDC criteria) and no routinely serological tests were performed to demonstrate the
asymptomatic infection. Also, the microbiological e�cacy tests for UV on SARS-CoV-2 were not testes,
and the regulations were done according to the previous reports.

During the COVID-19 pandemic, none of the hospital cleaners got hospital-associated COVID-19 infection.
The combination of using PPE properly with strict rules in addition to UV-robot integrated environmental
disinfection, is an important strategy to protect health-care workers. The nearly half on hour per one room
seems to belong especially for the clinics with high turn-over may harbour time problems, however with a
detailed planning and adequate number of UV robots, this problem can be easily solved

Declarations
Data availability statements:

Data is available when required

Declarations:

Ethics approval and consent to participate: The study was approved by Institutional review board
of Dr. Behçet Uz Children's’ Training and Research Hospital. The chief physician had granted the
permission to access the hospital records in the above.

Consent for publication: Not applicable



Page 7/10

Availability of data and materials: The datasets generated and/or analysed during the current study
are not publicly available due [the hospital procedure] but are available from the corresponding
author on reasonable request.

Competing interests: Ilker Devrim had educational grant from BD and Ilker Devrim has educational
webinars for BD. However, all authors have no con�icts of interest about this manuscript

Funding: Not applicable

Authors' contributions: İD and AÇ had analyzed and interpreted the data, and İD and NB were the
contributors in writing the manuscript. All authors read and approved the �nal manuscript.

Acknowledgements: Not applicable

Abbreviations
COVID-19: Coronavirus Disease 2019

HCW: Healthcare worker

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2

UV: Ultraviolet

RT-PCR: Real time – polymerized chain reaction

PPE: Personal protective equipment

CDC: Centers for Disease Control and Prevention

References
1. Devrim İ, Bayram N. Infection control practices in children during COVID-19 pandemic: Differences

from adults. Am J Infect Control. 2020;48(8):933-9.

2. van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson BN, et al. Aerosol
and surface stability of SARS-CoV-2 as compared with SARS-CoV-1. N Engl J Med. 2020;382:1564-7.

3. Wu S, Wang Y, Jin X, Tian J, Liu J, Mao Y. Environmental contamination by SARS-CoV-2 in a
designated hospital for coronavirus disease 2019. Am J Infect Control. 2020;48(8):910-4.

4. Arons MM, Hat�eld KM, Reddy SC, Kimball A, James A, Jacobs JR, et al. Presymptomatic SARS-CoV-
2 Infections and Transmission in a Skilled Nursing Facility. N Engl J Med. 2020;382(22):2081-90.

5. Ong SWX, Tan YK, Chia PY. Air, surface environmental, and personal protective equipment
contamination by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from a
symptomatic patient. JAMA. 2020;323:1610–2. 



Page 8/10

�. Kitagawa H, Nomura T, Nazmul T, Omori K, Shigemoto N, Sakaguchi T, et al. Effectiveness of 222-nm
ultraviolet light on disinfecting SARS-CoV-2 surface contamination. Am J Infect Control. 2020; doi:
10.1016/j.ajic.2020.08.022.

7. Buonanno, M., Welch, D., Shuryak, I. Brenner DJ. Far-UVC light (222 nm) e�ciently and safely
inactivates airborne human coronaviruses. Sci Rep 2020;10(1):10285.

�. Qiao Y, Yang M, Marabella IA, McGee DAJ, Aboubakr H, Goyal S, et al. Greater than 3-Log Reduction
in Viable Coronavirus Aerosol Concentration in Ducted Ultraviolet-C (UV-C) Systems. Environ Sci
Technol. 2020; doi:10.1021/acs.est.0c05763.

9. Raeiszadeh M, Adeli B. A Critical Review on Ultraviolet Disinfection Systems against COVID-19
Outbreak: Applicability, Validation, and Safety Considerations. ACS Photonics. 2020;7:2941–51.

10. Heßling M, Hönes K, Vatter P, Lingenfelder C. Ultraviolet irradiation doses for coronavirus inactivation
- review and analysis of coronavirus photoinactivation studies. GMS Hyg Infect Control. 2020;15:8.

11. Heilingloh CS, Aufderhorst UW, Schipper L, Dittmer U, Witzke O, Yang D, et al. Susceptibility of SARS-
CoV-2 to UV irradiation. Am J Infect Control. 2020;48(10):1273-5.

12. Boyce JM, Donskey CJ. Understanding ultraviolet light surface decontamination in hospital rooms: A
primer. Infect Control Hosp Epidemiol. 2019;40(9):1030-5.

13. Metro operator deploys cleaning robot to �ght the coronavirus. Metro Report International.
https://www.railwaygazette.com/technology-data-and-business/metro-operator-deploys-cleaning-
robot-to-�ght-the coronavirus/ 55995. article. Accessed 24 Dec 2020.

14. Ackerman E. Autonomous robots are helping kill coronavirus in hospitals. IEEE Spectrum. 
https://spectrum.ieee.org/automaton/robotics/medical-robots/autonomous-robots-are-helping-kill-
coronavirus-in-hospitals. Accessed 24 Dec 2020.

15. Rhee C, Baker M, Vaidya V, Tucker R, Resnick A,Morris CA, et al. Incidence of Nosocomial COVID-19 in
Patients Hospitalized at a Large US Academic Medical Center. JAMA Netw Open.
2020;3(9):e2020498.

1�. Appendix 1: Risk Assessment for Healthcare Workers Exposed to Persons with COVID-19. 2020.
https://www.cdc.gov/coronavirus/2019-ncov/downloads/appendix-1-hcw-risk-assessment-tool.pdf.
Accessed 24 Dec 2020.

17. Lindblad M, Tano E, Lindahl C, Huss F. Ultraviolet-C decontamination of a hospital room: Amount of
UV light needed. Burns.2020;46(4):842-9.

1�. The International Ultraviolet Association. IUVA Fact Sheet on UV Disinfection for COVID-19.
https://www.iuvanews.com/stories/pdf/archives/180301_UVSensitivityReview_full.pdf. Accessed 24
Dec 2020.

19. BBC news. Coronavirus: Hospital cleaner dies after contracting COVID-19. 2020.
https://www.bbc.com/news/uk-england-derbyshire-52454019. Accessed 24 Dec 2020.

20. Coronavirus 19 (COVID-19) Infection Prevention Guidelines.
https://www.uab.edu/medicine/peds/images/nEWS/COVID-1903.18.pdf. Accessed 24 Dec 2020.

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=McGee+DAJ&cauthor_id=33263988
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Aboubakr+H&cauthor_id=33263988
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Goyal+S&cauthor_id=33263988
https://www.railwaygazette.com/technology-data-and-business/metro-operator-deploys-cleaning-robot-to-fight-the%20coronavirus/%2055995.%20article
https://spectrum.ieee.org/automaton/robotics/medical-robots/autonomous-robots-are-helping-kill-coronavirus-in-hospitals
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Tucker+R&cauthor_id=32902653
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Resnick+A&cauthor_id=32902653
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Morris+CA&cauthor_id=32902653
https://www.cdc.gov/coronavirus/2019-ncov/downloads/appendix-1-hcw-risk-assessment-tool.pdf
https://www.iuvanews.com/stories/pdf/archives/180301_UVSensitivityReview_full.pdf.%20Accessed%2024%20Dec%202020
https://www.bbc.com/news/uk-england-derbyshire-52454019
https://www.uab.edu/medicine/peds/images/nEWS/COVID-1903.18.pdf


Page 9/10

21. Scienti�c Brief: SARS-CoV-2 and Potential Airborne Transmission.
https://www.cdc.gov/coronavirus/2019-ncov/more/scienti�c-brief-sars-cov-2.html. Accessed 24 Dec
2020.

22. Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of coronaviruses on inanimate surfaces and
their inactivation with biocidal agents. J Hosp Infect. 2020;104(3):246-51.

23. Infection prevention and control during health care when novel coronavirus (nCoV) infection is
suspected. 2020. https://www.who.int/publications/i/item/10665-331495. Accessed 24 Dec 2020.

24. Buchan AG, Yang L, Atkinson KD. Predicting airborne coronavirus inactivation by far-UVC in
populated rooms using a high-�delity coupled radiation-CFD model. Sci Rep. 2020;10(1):19659.

25. Guettari M, Gharbi I, Hamza S. UVC disinfection robot. Environ Sci Pollut Res. 2020; doi1007/s11356-
020-11184-2.

Figures

https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.who.int/publications/i/item/10665-331495
https://doi.org/10.1007/s11356-020-11184-2


Page 10/10

Figure 1

The patented air circulating sterilization, and disinfection in addition to ultraviolet (UV) sterilization and
disinfection of the surfaces. The robot is equipped with high-power UV lamps (4 x 36 watts) in addition to
another high-power UV lamp inside a channel in which air passes through two HEPA �ltration. The
machine’s arti�cial intelligence automatically measures the volume of the room that will be cleaned and
calculates the time for the sterilization of the total air in the room.


