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	Chia et al.
(2020)

Singapore




	Identify potential patient level risk factors for environmental contamination by SARS-CoV-2 by sampling the air and surfaces surrounding hospitalized COVID-19 patients at different stages of illness
	Cross-sectional study
	Allows researchers to observe numerous variables associated with the cause of SARS-CoV-2 infections in hospitals. However, the study design does not allow for conclusions on causation.
	Patients confirmed with SARS-CoV-2 by a PCR-positive respiratory sample.
Air sampling: 6 NIOSH bioaerosol samples placed in each of 3 AIIRs in general ward to collect air samples; 6 samples from each room
Surface sampling: samples collected with pre-moistened macrofoam sterile swabs. 8 to 20 surfaces sampled per room; 5 surfaces high-touch In ICU rooms, ventilator and infusion pumps were sampled. Toilet seat & auto flush bottom were sampled in AIIR rooms in general ward.
Lab methods: RNA extraction; RT PCT assays used to detect SARS-CoV-2 in the samples; thermal cycling
	RT-PCR
	3 AIIRs in ICU, 27 AIIRS GW;
30 patients all positive
	Air sample: 2/3 (66.7%) positive for SARS-CoV-2. Rooms with viral particles in the air, also had surface contamination detected. Rooms with environmental contamination, floor was most likely to be contaminated (65%), then air vent (60%, n=5), bed rail (69%), bedside locker (47%). No surface contamination detected in ICU rooms. Presence for contamination was higher in week 1 of illness. 
	Environmental contamination could be attributable to direct touch contamination by either the patient or HCWs after contact with infected respiratory fluids; presence and concentration of SARS-CoV-2 on surfaces and in air samples correlated with the day of illness and viral loads of COVID patients.

	Elbadawy et al.
(2020)

Saudi Arabia

	Information regarding the spread of the virus on sur- faces and objects is essential for controlling the outbreak 

	Observational study
	This design allowed researchers to observe the environmental contamination in the present time to determine how to best control the outbreak of SARS-CoV-2; however, no intervention was mentioned on cleaning the contaminated surfaces.
	RT-PCR protocol: collected swabs, processed for viral RNA extraction.
Hand swabs: from patients SARS-CoV-2 positive within 2 days & agreed to participate; ER suspected cases, swabs taken and patients’ record were followed up later to select those with PCR positive results and include their swabs.
Questionnaire distributed to 8 patients; 
Hospitals and public swabs: swabs taken from COVID isolation hospital and from outpatients’ hospitals and polyclinics; high-touch surfaces swabbed and sent for RT-PCR
	RT-PCR
	16 patients, 10 ATMs, 3 elevators, 3 supermarket shopping carts, 3 pharmacies, 3 bakery door handles
	Hand hygiene: of 16 positive patients 12.5% positive hand contamination; ICU-all hands negative;
COVID-19 wards & isolation rooms: 20 swabs taken from different location in hospital; 3/20 wards were positive from pharmacy office, lab station where samples processed, & nursing station ICU unit; all swabs from isolation wards and other hospital facilities were negative
Contamination of public facilities: all swabs were negative; expect 1/10 atm swab
Outpatient polyclinics: door handles-general practice & family medicine clinics positive. Dentistry clinics: 2 positive door handles from 5 different offices, two positive dental chairs and sinks
	study confirmed presence of viral RNA surface frequently touched by patients. Low mobility, less activity, and regular disinfection in general in ICU may have less to less contamination. Door handles, also confirmed by various studies, are frequently contaminated. SARS-CoV-2 detected mainly in nonclean areas.

	Guo et al.
(2020)

China

	To determine distribution of SARS-CoV-2 in air and on surfaces in hospital wards.
	Observational study
	The design allows the researchers to investigate the potential risk of aerosols and surfaces contaminated with SARS-CoV-2 to HCWs and patients. The study was able to provide information about the positivity rates of SARS-CoV-2; however, the evidence is from one point in time and may vary across time.
	Used sterile premoistened swabs to sample floors, computer mice, trash cans, sickbed handrails, patient masks, personal protective equipment, and air outlets. Tested air & surface samples for the open reading frame (ORF) 1ab and nucleoprotein (N) genes of SARS-CoV-2 by RT-PCR.
	RT-PCR
	238 surface/air samples
	Almost all positive results concentrated in the contaminated areas (ICU 54/57, 94.7%; GW 9/9, 100%); rate of positivity was higher ICU (54/124, 43.5%), GW (9/114, 7.9%). Rate of positivity was relatively high for floor swab samples (ICU 7/10, 70%; GW 2/13, 15.4%).
Virus can be tracked all over the floor from HCWs, 100% rate of positivity from the floor in the pharmacy, where there were no patients. Half of the samples from the soles of the ICU medical staff shoes tested positive. The highest rates were for computer mice (ICU 6/8, 75%; GW 1/5, 20%), followed by trash cans (ICU 3/5, 60%; GW 0/8), sickbed handrails (ICU 6/14, 42.9%; GW 0/12), and doorknobs (GW 1/12, 8.3%). Collected air in the isolation ward of the ICU and GW and obtained positive test results for 35% (14 samples positive/40 samples tested) of ICU samples and 12.5% (2/16) of GW samples. Air outlet swab samples also yielded positive test results, with positive rates of 66.7% (8/12) for ICUs and 8.3% (1/12) for GWs.
	Findings indicate that virus-laden aerosols were mainly concentrated near and downstream from the patients.
SARS-CoV-2 widely distributed in the air and surfaces in both the ICU and GW, potentially high infection risk for medical staff/ other close contacts. Soles of medical staff shoes might function as carriers.


	Kasloff et al.


Canada
	Aimed to determine the stability of SARS-CoV-2 on experimentally inoculated surfaces of PPE widely encountered by healthcare workers and the members of the general population. 

	Observational study
	The study design allowed researchers to investigate environmental contamination on various materials often used in a hospital during the pandemic; however, one of each material was tested at one point in time.
	Passage 3 stocks of SARS-CoV-2 were prepared in Vero E6 cells; cell culture. RT-PCR: performed on samples collected at T = 1h, 4h, and 1, 7, and 14 dpi to confirm successful elution from all surfaces and to assess difference in residual RNA compared to infectious particles.
	RT-PCR & cell culture
	8 different materials: stainless steel, plastic face shield, nitrile gloves, chemical gloves, Tyvek coveralls, N95 mask, N-100 particulate respirator mask, heavy cotton shirt
	4 h post-deposition on cotton, infectious SARS-CoV-2 virus was drastically diminished, and no longer quantifiable by 24 h. SAR-CoV-2 remained viable for up to 21 days when dried on plastic and particulate respirator procedural masks. Non-porous surfaces showed sustained persistence for prolonged periods of time. Viable SARS-CoV-2 was recovered after 21 days on plastic, 14 days on stainless steel, 7 days on nitrile gloves, and 4 days on chemical resistant gloves. 
Viable SARS-CoV-2 could be recovered from inoculated N95 (mask 1 ) and N-100 (mask 2) surface materials for up to 21 days. Of all materials tested, cotton provided the lowest environmental stability to SARS-CoV-2. Can remain viable for up to 2 weeks at room temperature on Tyvek.
	Finding suggest that SARS-CoV-2 can remain infectious on contaminated PPE for extended periods under ambient environmental conditions. Stability is highly reduced on cotton even within hours of contamination, and encourage use of 100% cotton in infection prevention and control practices where fluid-resistant barriers are not required. Importance of proper handling of personal protective equipment during the use in high-risk settings to minimize the likelihood of fomite transmission, and may assist center in developing guidelines and protocols relating to decontamination and use of PPE in short supply.

	Ong et al.


Singapore
	Hypothesized that despite the increased use of noninvasive ventilatory methods, environmental contamination in the ICU would be lower (1) because most COVID-19 patients typically deteriorate in the second week of illness, during which period viral shedding decreases and (2) because closed-loop ventilatory circuits contain and limit the spread of contaminating droplets or aerosols. 

	Observational study
	This study design allows researchers to study the casual agents; however, controlled experimentation cannot be used. The design is highly variable regarding the quality and quantity of evidence they provide.
	Environmental samples collected using premoistened macrofoam sterile swabs. Same surface swabbed in each sampling site. Clinical data collected from the electronic medical record. Sample RNA extraction was performed using Real-time PCR assays targeting the envelope (E) gene and orf1ab assay were used for the detection of SARS-CoV-2 RNA. Positive swabs by PCR from the common area and staff pantry were further evaluated for virus viability via cell culture. Also, 140 μL cell culture was used for RNA extraction and real time PCR twice per week to monitor changes in target SARS-CoV-2 genes as an indication of successful viral replication.
	RT-PCR & cell culutre
	200 samples from 20 patient rooms and 75 samples from common areas and the staff pantry
	7/20 patients (35%) were intubated and mechanically ventilated, 9/20 (45%) receiving HFNO, and 4/20 (20%) no supp. oxygen or vent support. 3 patients (15%) had AGPs within the 24 hours of sampling.
14 rooms had at least 1 site contaminated; most frequently contaminated sites=bed rail & floor (30%), air outlet vent (25%), and infusion pumps (20%). Presence of environmental contamination not sign. Associated. ICU ward common areas, 6/60 (10%) were positive for SARS-CoV-2: 5 samples from the floor and 1 sample from a desktop computer outside the patient room. the staff pantry, 2/15 (13.3%) were positive: 1 sample from the floor and 1 sample from a refrigerator door handle. All samples were negative on viral cell culture.
	ICU was lower than in general wards. AGPs an increased risk of aerosol transmission and environmental contamination via droplets. Contamination rate low, and no difference in environmental contamination between mechanical ventilation or HFNO compared to those on room air. Found limited contamination of the ICU common areas outside patient rooms. Did not find AGPs to be associated with increased environmental contamination, though only 3 patients underwent AGPs in the 24-hour window prior to sampling, and this small sample size limits conclusive interpretation. 

	Peyrony et al.
(2020)

France

	Aimed to assess the surface and equipment contamination by SARS-CoV-2 of an ED during the COVID-19 outbreak depending on patient care and non-patient care areas. 

	Observational study

	In this design, the researchers do not intervene and rather simply “observes” and assesses the strength of the relationship between an exposure and disease variable, in this case the environmental contamination on surfaces and SARS-CoV-2.
	Surfaces that were directly in contact with patients with those that were more distant, still located in the same room, into an area of approximately 2 m of the patient. Samples obtained before and after decontamination. Samples were obtained from the registration area (from the HCWs side), non-suspected COVID-19 patients waiting room, corridor with personal protective equipment (PPE) storage, staff working rooms, refreshment room, toilets, changing room, research office and medical equipment stockroom. Samples on the surfaces that were the most in contact with or manipulated by HCWs to assess the potential risk for indirect transmission. Virology lab were processed after virus inactivation. Used real-time RT-PCR to detect the presence of SARS-CoV-2 RNA. RNA was extracted within the total nucleic acids isolation and purification.
	RT-PCR
	192 total samples
	10 (5.2%) were positive, Revealed presence of SARS-CoV-2 RNA, the assessment of virus viability by viral culture not realized. Direct contact surface, 5/46 (10.9%) presence of SARS-CoV-2 RNA. Among those surfaces, 3/5 (60%) samples were positive before decontamination & 2/ 41 (4.9%) after decontamination. Indirect contact surfaces, 4/56 (7.1%) positive. Distant surfaces, 2/20 (10%) samples positive before decontamination and 2/ 36 (5.6%) positive. No samples in the non-patient care areas showed SARS-CoV-2 RNA. HCWs PPE sampled 3 times (except for head cover, sampled once) after they took care of patients with COVID-19. All samples were negative except one on the front side of the gown (torso).
	results suggest that the risk of ED HCW infection from surfaces and equipment is low if decontamination procedures are regularly applied.


	Doung-ngern et al.
(2020)

Thailand

	Evaluate the effectiveness of mask-wearing, handwashing, social distancing, and other personal protective measures against SARS-CoV-2 infection in public 

	Retrospective case-control study
	The design looked back in time at exposures of COVID-19 in relation to the outcome of infection. The study design allowed the researchers to look between the cases and controls in the help establish a correlation between exposures and outcomes. 
	The central SRRT performed contact investigations for clusters of greater than or equal to 5 PCR-confirmed COVID cases from the same location within 1-week period.  telephoned contacts and asked details about their contact with a COVID-19 index patient, such as dates, locations, duration, and distance of contact. We asked whether contacts wore a mask during the contact with the index patient, the type of mask, and the frequency of wearing a mask, which we defined as compliance with mask-wearing. Asked whether and how frequently contacts washed their hands while with the index patient. Asked whether contacts performed social distancing and whether they had physical contact with the COVID-19 index patient.
	RT-PCR
	211 cases and 839 controls
	Most (61%; n = 645) asymptomatic contacts included in the study were associated with the boxing stadiums cluster, 36% (n = 374) were related to the nightclub cluster, and 3% (n = 31) were related to the state enterprise office cluster. 890 (84.8%) contacts were considered to have high-risk exposure. ice cluster. 211 (20.1%) tested positive for SARSCoV-2 by April 21, 2020, and were classified as cases; 839 (79.9%) never tested positive and were controls. Of the 211 cases, 195 (92.4%) had high-risk exposures and 150 (71.1%) had symptoms before COVID-19 diagnosis by RT-PCR. The last date that a COVID-19 case was detected was April 9, 2020. Among the 839 controls, 695 (82.8%) had high-risk exposures and 719 (85.7%) were tested by PCR at least once.

	Found the type of mask worn was not independently associated with infection and that contacts who always wore masks were more likely to practice social distancing. Finds support consistent wearing of masks, handwashing, and social distancing to protect against COVID-19.
Our findings provide evidence that mask-wearing, handwashing, and social distancing are independently associated with lower risk for SARS-CoV-2 infection in the general public in community settings in Thailand. observed that wearing masks throughout the period of exposure to someone infected with SARS-CoV-2 was associated with lower risk for infection, but wearing masks only sometimes during the period was not.

	Wei et al.
(2020)

China
	Investigate the environmental contamination of SARS-CoV-2 by COVID-19 patients with prolonged PCR positive status of clinical samples. 

	Experimental study
	This study design allowed researchers to sample environmental contamination after surfaces were cleaned. The sampling after an intervention allowed the researchers to have a high level of control.
	Clinical samples were collected regularly at intervals of two or three days with nasopharyngeal and oropharyngeal swabs and sputum samples collected in patients’ rooms and stool samples collected in toilets. Environment sampling was scheduled on the day of collection of clinical samples.
Sampled air to detect the presence of SARS-CoV-2 in patient rooms, toilets, and a negative pressure room. In patient rooms, air sampling was performed at a time point before any medical activities in the morning and at another point 15 min after swab collection from the patient or the first patient if there were 2 in the room.
Sampled high-touch areas and floors in patient rooms and toilets, which were cleaned/disinfected twice daily. Before first cleaning, high-touch areas in patient rooms (the entire surface of light switches, door handles, bed rails, bedside tables, tables on bed, equipment belts on wall, pillows, drinking bottle handles, and patients’ mobile phones, and 1,200  cm2 (30 cm × 40 cm) surface of bed linens, lockers, and the floor) and in toilets (the entire surface of light switches, door handles, handwashing sink rims, sink and toilet bowls and drains) were sampled using premoistened swabs (Copan).
Sampled PPE: The entire outside surface of gloves, caps, N95 respirators or surgical masks, shoe covers, goggles, and face shields, and approximately 1050  cm2 (30 cm × 35 cm) outside surface of the isolation gowns and protective clothing were sampled using sterile premoistened rayon swabs (Copan) when the HCWs exited patient rooms.
	RT-PCR
	88 samples from high-touch surfaces in patient rooms and toilets; 8 HCWs PPE
	All air samples were negative.
High-touch surface areas: 88 samples were collected but only three sample 3.4%, 3/88, were positive.
55 samples of PPE, all negative.
	The negative results of the surfaces of N95 respirators and face shields in this study suggests that at least at the later stage of COVID-19 SARS-CoV-2-containing aerosol and droplet generated by routine activities are absent or in low quantity and the route of air transmission for SARS-CoV-2 is unlikely.
COVID-19 patients could have prolonged (> 30 day) SARS-CoV-2 PCR positive status for clinical samples. For COVID-19 patients with prolonged viral carriage, the contamination of SARS-CoV-2 on patient surroundings is low, while air and HCWs’ PPE were not found to contain SARS-CoV-2.

	Ye et al.
(2020)

China
	The purposes of this study were to: (1) determine the extent to which the hospital environment becomes contaminated during outbreaks of COVID- 19, (2)identify the highest areas of contamination within hospitals, and (3) identify the most frequently contaminated objects, medical supplies, and used PPE in a typical hospital in Wuhan, China during the ongoing outbreak of COVID-19. 

	Observational study
	This design allowed researchers to observe many surfaces with possible contamination of SARS-CoV-2 to help investigate the potential spread; however, the conclusions cannot be confirmed as causation.
	3 sets of surface samples were collected using swabs across major hospital function zones, hospital equipment/objects and medical supplies, & HCWs used PPE. Swab samples were also collected from control area (admin area and parking lot).
	RT-PCR
	626 surface swab samples
	13.6% were found to be positive for SARS-CoV-2. Significant differences in the percentage of positive samples found across different hospital areas (P <0.01). Most contaminated zones were the ICU that specialized in NCP patients (31.9%), the Obstetric Isolation Ward focusing their care on pregnant women with NCP (28.1%), and the Isolation Ward for NCP patients (19.6%); these were classified as CZIII; CZ II included Outpatient Lobby (16.7%), Emergency Department (12.5%), Office and Preparation Area of the Isolation Ward for NCP Patients (12.2%), OB ward (12.1%), and Clinical Labs (11.5%); CZ I = fever clinics (5.5%); CZ 0 = Admin area and parking lot.
Among examined commonly used hospital objects and med equipment, 13.9% were found positive. Most contaminated objects were self-service printers (20%), desktops/keyboards (16.8%), and doorknobs (16%).
PPE, 12.9% positive; significant differences were found in the percentage of positive samples across the PPE types (P < 0.01); highest positive detection was around hand sanitizer dispensers (20.3%); gloves (15.4%), eye protection or face shields (1.7%).
	Findings suggest that the hospital environment could potentially be a source of virus spread, including HCWs, patients, and visitors.
Direct or indirect contact with these potentially highly contaminated surfaces may account for the first wave of patients into the hospital and the early cases of healthcare associated transmission among HCWs and visitors.
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