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Summary

Background

Identifying the extent of environmental contamioati of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is essential for infecticontrol and prevention. The extent of
environmental contamination has not been fully stigmted in the context of severe coronavirus

disease (COVID-19) patients.

Aim

To investigate environmental SARS-CoV-2 contamoratn the isolation rooms of severe COVID-19

patients requiring mechanical ventilation or hi¢dwaf oxygen therapy.

M ethods

We collected environmental swab samples and aipkenirom the isolation rooms of three COVID-
19 patients with severe pneumonia. Patient 1 ani@rRe2 received mechanical ventilation with a
closed suction system, while Patient 3 received-fimwv oxygen therapy and noninvasive ventilation.
Real-time reverse transcription polymerase chaantren (rRT-PCR) was used to detect SARS-CoV-2;

viral cultures were performed for samples not negain rRT-PCR.

Findings

Of the 48 swab samples collected in the rooms ¢efal and Patient 2, only samples from the
outside surfaces of the endotracheal tubes tesisittve for SARS-CoV-2 by rRT-PCR. However, in

Patient 3's room, 13 of the 28 environmental sasglemites, fixed structures, and ventilation exit
on the ceiling) showed positive results. Air sarspleere negative for SARS-CoV-2. Viable viruses

were identified on the surface of the endotrachdag of Patient 1 and seven sites in Patient mro

Conclusion

Environmental contamination of SARS-CoV-2 can bvewe of viral transmission. However, it might
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be minimized when patients receive mechanical \aitnh with a closed suction system. These

findings can provide evidence for guidelines far safe use of personal protective equipment.

Keywords: COVID-19, SARS-CoV-2, environmental contaminatisayere pneumonia

Introduction

The outbreak of severe acute respiratory syndroomenavirus 2(SARS-CoV-2) infection, which
began in Wuhan, China, has become a global conddra.World Health Organization (WHO)
announced the risk assessment of coronavirus @igeay/ID-19) as very high at the global level,
and currently, COVID-19 is labelled as a pandermcaddition to community transmission, SARS-
CoV-2 has also caused healthcare-associated okshiredospitals, leading to concerns that it is not
only transmitted through direct contact with drapléut also environmental contamination or
airborne transmission in specific circumstanceshsas during procedures generating aerosols [1]. A
study on the Middle East respiratory syndrome cavons (MERS-CoV) reported extensive viable
virus contamination of the air and environment iM&RS outbreak unit [2]. A recent study on

SARS-CoV-2 also suggested the contaminated envigahas a potential medium of transmission [3].

Identifying the exact extent of environmental comtzation and associated potential risk of viral
transmission is essential for infection preventeomd control in hospitals and for the protection of
healthcare workers. While recent guidelines reconunthe use of extended personal protective
equipment (PPE), the strength of recommendatiomvésk, and its safety has not been fully
studied [4]. Furthermore, since SARS-CoV-2 infeatibas clinical manifestations ranging from
asymptomatic infection to acute respiratory digtresyndrome (ARDS) requiring mechanical
ventilation, the degree of air and environmentaltamination may vary depending on the disease

severity and subsequent treatment.



There are several reports on environmental contiom in the isolation rooms of COVID-19
patients [3,5-10]. The patients in these studidsbibed varying disease severities, ranging frorfdmi
symptoms to severe disease requiring intensive éalditionally, some reports showed a higher risk
of environmental contamination in the intensiveecanit (ICU) [7,9]. However, a study on the extent
and risk factors of environmental contaminatiorciitically ill patients who require intensive care

and various aerosol-generating procedures (AG$tjllisacking.

In this study, we investigated virus contaminatigncollecting environmental swab samples and air
samples from negative pressure isolation roomsatepts with COVID-19 manifesting as severe

pneumonia or ARDS.

M ethods
Patients and rooms

Three laboratory-confirmed COVID-19 patients whoquieed high-flow oxygen therapy or
mechanical ventilation and were hospitalized ireiidry care hospital were enrolled in this study.
Environmental samples were collected from the negagiressure isolation rooms of these patients
between 6 March 2020 and 31March 2020. The isolation rooms had 12 air-chammeshour, and
the average pressure gradient between the patent and the anteroom was 2.5 hPa. All patients
received intensive care in these isolation roomthaut being moved to a separate ICU. Each
negative pressure room had an anteroom and aoesthut the restrooms were not being used at the
time of the investigation since the enrolled patewere critically ill and could not move. Nurses
performed daily routine cleaning, but disinfectisras performed only after the patients were
discharged. All patients were symptomatic, andrthesipiratory specimens persistently tested pasitiv
for SARS-CoV-2 by real-time reverse transcriptianiymerase chain reaction (rRT-PCR) up to the

time of environmental sampling. Clinical and miamdbgic data of the patients were also obtained



from the medical records.

Sample collection

SKC BioSampler (225-9595, SKC, Inc., USA) and Swammpler were used for sampling the air in
each patient’s negative pressure isolation roone. §KC BioSampler captures bioaerosols in 20 mL
of phosphate-buffered saline (PBS) by an inertigpaiction mechanism [11-13]. The collection
efficiency of the SKC BioSampler for 100 nm sizedtjeles, which is the known size of SARS-CoV-
2, has been reported as-30% [14]. The Swab sampler, a useful air samplec&pturing airborne
viruses, utilizes a cotton swab that acts as erfftir capturing airborne particles with 99% eféga
for airborne viruses, as per a previous report.[A] sampling was carried out at 1.2 m above floor
level and at a distance of 1.0 m from the patiarthe negative pressure rooms. Air samplers were
operated for 20 min with airflow rates of 12.5 Limand 10 L/min for the SKC BioSampler and Swab
sampler, respectively. The airborne particles ctdlie on the cotton swab were recovered by vortexing
the cotton part of the swab in 1 mL of PBS. The gas were stored at —80 °C shortly after air

sampling till further analysis.

Environmental surface samples from the patientdat®n rooms were obtained using sterile swabs,
which were premoistened with a viral transport maedi All the rooms had the same size, structure,
and facilities. Bedside tables, blood pressurescyiflows, bedsheets, nasal prongs, outside sudfc
the ventilator circuit, tubing, masks, telephortbermometers, keyboards, and fixed structuresen th
room (such as the doorknob, bed rails, floor, wallsxdow, and faucet handles), and grills of the
ventilation exits in the ceiling were swabbed. thié environmental swabs were obtained on the same

day as the air sampling procedure in each patiessn.

Laboratory procedure



Environmental samples were tested with specific-iPRR methods using PowerCheck 2019-nCoV
(Kogene Biotech Inc. Seoul, South Korea) which dtsgthe SARS-CoV-2 RNA-dependent RNA
polymerase (RdRp) and E genes [16]. Quantitati@hteand of the SARS-CoV-2 load were estimated
by the value of the cycle threshold (Ct) of rRT-P@Rpositive test result was defined as a Ct value
<35 for the RdRp and E genes. Viral culture wasqueréd with samples that were not negative on
rRT-PCR to identify the viable virus. Confluent nodeyers of Vero E6 cells in 96-well plates were
infected by 10-fold dilutions of the SARS-CoV-2 supatants from the environmental samples. The
inoculated cultures were grown in a humidified 3Ti€ubator with 5% C@ After 72 hours, areas of
cell clearance with crystal violet staining wereedido demonstrate the cytopathic effect. When the
cytopathic effect was observed, detection of naocketid of SARS-CoV-2 by rRT-PCR in the

supernatant was performed to confirm a successfture.

Ethics statements

This study was conducted in compliance with theituinsonal Review Board of Severance Hospital
(4-2020-0076) regarding the collection of enviromtaé samples from the patients’ rooms and the
clinical data. Written informed consent was obtdirfeom the participants. All the laboratory

experiments were conducted in biosafety level Jlifias in Severance Hospital permitted by the

Korea Center for Disease Control and Prevention.

Results

Clinical and microbiologic char acteristics of the patients

Sample time points in relation to the patientshiclal courses and Ct values of rRT-PCR are
summarized in Table I. Patient 1 was a 71-yeamaodth who presented with severe pneumonia. He

was started on mechanical ventilation on hospitiahiasion, 15 days after the onset of symptoms.
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Environmental sampling was undertaken on hospitgl (HD) 7 when he was febrile with poor

oxygenation, and on that day, chest imaging dematest severe ARDS. Using the patient’s lower
respiratory tract specimen, the Ct value was 282& gene PCR and 24.98 for RdRp gene PCR on
that day. He was receiving regular and frequenotadheal suctioning through a closed suction

system connected to the ventilator.

Patient 2 was a 67-year-old woman with rapidly pesging pneumonia who was started on
mechanical ventilation on HD 2, 5 days after theedrof symptoms. Environmental sampling was
performed on HD 4 when she had a sustained feviér napid deterioration to severe ARDS. Using
the patient’s lower respiratory tract specimens, @ values were as follows: 18.18 for E gene PCR
and 20.51 for RdRp PCR on HD 3 and 23.99 for E ge@& and 26.19 for RdRp PCR on HD 5.
Prone positioning in accordance with the ARDS manaant guidelines was followed from HD 2 to

HD 4, and regular and frequent endotracheal sugtasperformed through a closed suction system.

Patient 3 was a 44-year-old man with underlyingnteal lung cancer and progressive pneumonia
caused by SARS-CoV-2. He was hospitalized 2 dags Hie start of symptoms. Since he had given
advance directives not to be administered mechiameatilation through intubation, high-flow
oxygen therapy via nasal cannula (HFNC) at 60 L/wés started from HD 3 (5 days from the onset
of symptoms). Because of weak breathing duringpslée received noninvasive ventilation (NIV)
using a facial mask at night starting from HD 5viEmnmental sampling was done on HD 13 when he
had a persistent cough with sputum and shortnebeeath and spat out sputum frequently. Using the
patient’s lower respiratory tract specimens, thev&lties were as follows: 16.53 for E gene PCR and
15.32 for RdRp PCR on HD 10 and 24.70 for E genR RGd 24.72 for RdRp PCR on HD 14. He
could not move out of bed due to oxygen therapyyeh@r, he was alert and using bedside tables,
cups, telephone, and remote control for televisibhere was an event during which manual
ventilation was performed once daily for 20 minubetween HD 10 to HD 12 because of loss of

consciousness caused by sudden hypoxemia as thlepnasg had fallen out from his nose.



Environmental contamination of the patient rooms

A summary of the environmental test results fromttiree patients’ isolation rooms is given in Table
II. Of the total 48 swab samples collected fromitizdation rooms of Patient 1 and Patient 2, ohgy t
outside surface of the endotracheal tubes in tha@ eonnected to the ventilator circuit tested passit
for SARS-CoV-2 by rRT-PCR in both cases. SARS-CoW&s not detected by rRT-PCR in other
samples obtained from fomites, fixed structuresl @entilation exits in these rooms. Ct values of
positive samples were as follows: room of Patier8Q195 for E gene PCR and 31.36 for RdRp gene
PCR; and room of Patient 2, 32.33 for E gene PGR3302 for RARp gene PCR. Air samples were
negative in both cases. Viable viruses were dedelsyeviral culture on the outside surface of the

endotracheal tube of Patient 1.

Twenty-eight swab samples were obtained from tb&tion room of Patient 3. Among them, 13
samples obtained from a thermometer; restraindsheEets; cup; nasal prongs; NIV mask; high-flow
oxygen generator; telephone; remote control; axedfistructures including bed rails, floor, and the
grill of an air outlet fan in the ceiling testedsitive on rRT-PCR. The result of rRT-PCR for the ai
sample was negative. Ct values of all PCR-posgamples from the room of Patient 3 were over 30,
except for those from an NIV mask (28.85 for E g&@R, 28.94 for RdRp PCR) and a remote
controller (29.48 for E gene PCR, 29.66 for RARRIPCviable viruses were detected in samples
from a nasal prong, bedside table, floor near #teept, remote control, bed rails, bedsheets, divd N
mask. The results of and locations from which thérenmental samples were taken in the room of

Patient 3 are shown in Figure 1.

Discussion

The main finding of this study was the increasetemixof environmental contamination of SARS-
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CoV-2 in the room of a patient receiving HFNC onNiompared to that in the rooms of patients
receiving mechanical ventilation with a closed sucsystem. Further, we found viable viruses on the
contaminated surfaces. To the best of our knowletlge is the first report on detection of viable

viruses on environmental surfaces, providing evigethat indirect transmission via environmental

contamination is possible.

The primary mechanism of SARS-CoV-2 transmissiovolves droplet spread [1]. International
guidelines warn that airborne transmission of SARSA2 is possible, predominantly when AGPs
are performed [1,4]. Indirect spread might occuewlsurfaces contaminated with viable viruses are
touched, usually by hands, followed by contact witincosal surfaces [17], although it is not clear if

this happens with SARS-CoV-2.

Recent studies on environmental contamination dRSAoV-2 reported the presence of SARS-CoV-
2 nucleic acids on various surfaces or fomites fpatients’ isolation rooms [3,5-9,18]. Some of thes
studies also suggested the possibility of airbdrapsmission due to detection of viral RNA in air
samples. However, none of the studies could deiatle viruses in any sample, which might be
important to substantiate the presence of a trasssibhe virus in the environment [2,17]. In our stud
not only viral RNA but also viable SARS-CoV-2 wasliated by viral culture from samples from the

patients’ isolation rooms.

Among the PCR-positive samples from Patient 3'snrow@iable viruses were detected only on
surfaces within a distance at which the virus cdo#d transmitted by droplets while the patient
remained symptomatic. Although the culture was tiegaviral RNA was also detected on the floor
at a distance of more than 2 m from the patienerevldirect droplet contamination was unlikely. This
indicates the possibility of secondary contaminmatiy PPE of healthcare workers or by aerosols in
specific situations. Guo et al. showed the higk asvirus contamination on the floors of isolation
rooms and shoe soles of PPE. [7] In this cont@dpidary contamination via shoe soles of PPE from
the floor near the patient to the distant floor nfeawve occurred in Patient 3's room. Viral RNA

10



detected in the air outlet fan on the ceiling cadno® ascribed to direct droplet contamination or
secondary contamination by healthcare workers. dRatht raises the possibility of airborne

contamination by the aerosols generated.

SARS-CoV-2 is stable in the aerosolized state [48H previous studies have detected viral RNA in
air samples [5,7,18]. International guidelines hasgecified AGPs as suctioning, intubation,
bronchoscopy, cardiopulmonary resuscitation, preostioning, manual ventilation, and so on, and
recommended the wearing of PPE including N95 maskexquivalent or higher level of respiratory
protection for airborne transmission due to AGR&Q# In this study, NIV was used intermittently,
and manual ventilation using an Ambu-bag was peréal in the isolation room of Patient 3. Both
procedures are listed as AGPs. Therefore, it isiplesthat contamination of distant environmental
surfaces was caused by viral particles emittetiénair during AGPs. Moreover, Patient 3 was treated
with HFNC. Guidelines differ regarding HFNC useG@VID-19 with an evidence gap pertaining to
the probability of aerosol dispersion and the assed infection risk for healthcare workers. The
WHO does not consider HFNC as an AGP, although sstondies have mentioned that HFNC can
lead to the emission of a concentrated jet of agresdiich can spread considerably. Since, HFNC has
no sealed portion or filter, it can generate tuebok of the droplets emitted from the oropharynx du
to the high-flow rate [21-23]. However, it shoulé boted that recent studies have suggested that
symptoms such as coughing and sneezing have astiakeffect on aerosol generation even without
AGPs [22,24]. Patient 3 had persistent and actjwepsoms of severe cough and produced a large
amount of sputum. Consequently, it might be posditht these symptoms, along with AGPs and the
application of HFNC, caused aerosol production eodtaminated distant environmental surfaces.
This finding supports the current recommendatio®BE use in the presence of patients with active

symptoms or during AGPs.

Despite the possibility of airborne transmissiolh,aa samples tested negative for SARS-CoV-2 in

the current study. In two studies reporting on ghesence SARS-CoV-2 in the air, the authors
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collected 5040 L and 9000 L of air from each siibia et al. have suggested that the presence of
SARS-CoV-2 in the air may be highest during thetfiveek of illness [5]. Additionally, Guo et al.
showed that the rate of positivity was the highnestr the air outlets, indicating that the conceiutna

of virus-laden aerosols differed by the air sanmpkite [7]. In our study, only 26@50 L of air was
collected over 20 minutes from each isolation roamg the sampling site in this study was not near
the air outlet. Besides, air sampling was perforinegdatient 3's room on the 15th day after the bnse
of symptoms. These reasons could have contribotéidet absence of SARS-COV-2 in the air in our

study.

In Patient 1 and Patient 2, only the outside serfafcthe endotracheal tube was positive for SARS-
CoV-2 despite severe pneumonia, and the Ct valwes wimilar to those of clinical samples from
Patient 3. The surface of the endotracheal tubelikgly contaminated by oropharyngeal secretions.
However, no evidence of other adjacent or distantirenmental contamination or evidence of
airborne transmission was found. The varying degfeenvironmental contamination among these
patients could be explained by the difference attleatment or procedures performed. Patient 1 and
Patient 2 were started on mechanical ventilatiooufph endotracheal intubation, and a closed suction
system was applied from HD 1 and HD 2, respectjwehereas Patient 3 underwent HFNC, NIV, and
manual ventilation. A plausible explanation forstdifference in environmental contamination and the
presence of viable viruses is the difference iattrent. Previous studies have demonstrated that a
closed suction system reduced environmental conttion by respiratory pathogens. In patients
intubated using a closed suction system, crossaoanation by other bacteria and glove
contamination of healthcare workers were signifilyareduced [25]. Symptoms can be minimized by
sedation, and respiration can be limited withinbkatilator circuit. The closed system is maintdine
even during suction, which can generate aerosais, ia also recommended in the airway
management guidelines for COVID-19 patients [2G&]rr€nt guidelines for critically ill patients with

COVID-19 propose surgical or medical masks for irespry protection during the management of
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patients on mechanical ventilation using a clossttien system if there are no additional aerosol-

generating events [4]. The results of our studypsuthis recommendation.

There are several limitations of this study. Figssince a small number of patients were incluaed i
this study, the results should be cautiously imetgul. Secondly, the time point of environmental an
air sampling was far from the time of symptom ongherefore, we could not investigate the
environmental contamination during the acute phiadection. However, the patients were all
symptomatic with severe pneumonia, and the Ct gatdi¢heir clinical samples were similar to those
of the samples from patients in the study by Chial¢5]. Thirdly, we performed the sampling of
each room at a single time point during the disedaserefore, we did not track the degree of
environmental contamination longitudinally with tlehanges in the treatment. Lastly, since the
duration of air sampling was short, and no AGPsewggrformed at the time of air sampling, no

evidence for airborne transmission was found ig shiidy.

Despite these limitations, we isolated viable SARSA2 from environmental samples; this
heightens concerns regarding transmission fromrenwiental surfaces and aerosolization during
NIV and HFENC. Furthermore, this is the first reptot show that the degree of environmental
contamination can be variable depending on thdcalinprocedures and treatment, regardless of
similar disease severity and viral load. These ifigsl may contribute to the establishment of
guidelines for proper PPE use during the managewfepatients with COVID-19 in the context of

the pandemic and shortage of medical resources.
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Table 1. Sample time points in relation to the @at$’ clinical course and clinical Gtalues

Hospital day
Case Contents
D1 D2 D3 D4 D5 D7 D10 D13 D14
1 Ct value of PCR E 20.24 24.05 26.93 23.28 23.26 27.49
using sputum samples RdRp 22.31 25.73 28.86 24.98 25.05 29.65
Environmental sampling Air/surface Done
Treatment Mechanical ventilation + + + + + + + + +
Closed circuit suction + + + + + + + + +
Symptoms Sputum + + + + + + + + +
2 Ct value of PCR E 22.53 18.18 23.99 3435 27.96 40
using sputum samples  RdRp 24.35 20.51 26.19 36.33 30.49 40
Environmental sampling Air/surface Done
Treatment Mechanical ventilation - + + + + + + - -
Closed circuit suction - + + + + + + - -
Prone positioning - + + + - - - - -
Symptoms Sputum + + + + + + + - -
3 Ct value of PCR E 13.32 13.97 20.11 16.53 24.70
using sputum samples  RdRp 15.76 16.32 2229 15.60 24.72
Environmental sampling Air/surface Done
Treatment HENC - - + + + + + + +
Noninvasive ventilation - - - - + + + + +
Manual ventilation - - - - - - + - -
Symptoms Cough, sputum + + + + + + + + +

"Ct; cycle threshold, PCR; polymerase chain reacRatRp; RNA-dependent RNA polymerase,

HFNC; high-flow oxygen therapy via nasal cannula

"+; Either a mentioned symptom existed or the meetiatreatment was performed

-; Either a mentioned symptom did not exist or thentioned treatment was not performed
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Table Il. List of air and environmental swab sars@ad corresponding rRT-PCBnd culture results

for SARS-CoV-2

Sample Patient 1 Patient 2 Patient 3
Ct value Ct value Ct value
PCR Culture PCR ——  Culture PCR Culture

E RdRp E RdRp E RdRp
Air - ND - ND - ND
Air outlet fan - ND - ND + 33.93 34.99 -
Air inlet fan - ND - ND - ND
;\lEisdiit?;;Egal wbe + 3095 3136 @+ + 3233 3302 - + 3178 3428  +
IV pole - ND - ND - ND
Computer - ND - ND - ND
Medication cart - ND - ND - ND
Window - ND - ND u u u -
Window frame - ND - ND - 34.23 36.04 -
Blind curtain - ND - ND - ND
wall 1 - ND - ND - ND
Wall 2 - ND - ND - ND
Floor near the - - +
patient§ ND ND 30.38 33.07 +
;;gnfgr from the - ND - ND *t 3197 3428 -
Bed rails - ND - ND 30.22 30.13
Bedsheet - ND - ND 31.54 31.99
Pillows - ND - ND ND ND
Faucet handle - ND - ND ND ND
Door knob - ND - ND - ND
Call button - ND - ND - ND
Restraint - ND - ND + 34.08 35.18 -
Blood pressure cuff - ND - ND - ND
2’2:5 mask/NIV - ND - ND + 2885 2894  +
Ventilator - ND - ND - ND
Patient monitor - ND - ND - ND
Bedside table ND ND ND ND U 3309 U +
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High-flow oxygen

generator ND
Telephone ND
Remote controller ND
Thermometer ND
Cup ND

ND

ND
ND
ND
ND

ND

ND
ND
ND
ND

ND

ND
ND
ND
ND

+

+ 4+ + o+

30.56

31.39
29.48
31.56
32.32

33.12

33.42
29.66
32.13
33.55

"rRT-PCR; reverse transcription polymerase chaioti@a, PCR; polymerase chain reaction, Ct;

cycle threshold, RdRp; RNA-dependent RNA polymer&égintravenous, NIV; noninvasive

ventilator, ND; not done, U; undetermined

-: negative

*+; positive

* The floor within 1 m from the patient.

" The floor at a distance of more than 2 m fromphagent.
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Figurelegends

Figure 1. Results of and locations from which theimnmental samples were collected in the room

of Patient 3

Twenty-eight environmental swab samples were obthfrom Patient 3's room. Nasal prongs of
high-flow oxygen generator, door knob, and teleghare not depicted in the figure. Swabs from the
following tested negative on PCR: air inlet fan,gvle, computer, medication cart, blind curtainilwa
1, wall 2, window, window frame, door knob, callttmn, blood pressure cuff, ventilator, and patient
monitor. Swabs from the following tested positiveRCR but negative on viral culture: air outlet,fan
floor far from the patient, restraint, high-flowymen generator, telephone, thermometer, and cup.
Swabs from the following tested positive on culturasal prong, floor near the patient, bed rails,
bedsheets, NIV masks, bedside table, and remoteotlen The solid lines radiating from the large
green circle indicate the angle of observation dsedlustration of the patient's room. PCR;

polymerase chain reaction, IV; intravenous, NIVhimwasive ventilator.
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high-flow oxygen generator, door knob, and teleghare not depicted in the figure. Swabs from the
following tested negative on PCR: air inlet fan,gvle, computer, medication cart, blind curtainilwa
1, wall 2, window, window frame, door knob, callttmn, blood pressure cuff, ventilator, and patient
monitor. Swabs from the following tested positiveRCR but negative on viral culture: air outlet,fan
floor far from the patient, restraint, high-flowymen generator, telephone, thermometer, and cup.
Swabs from the following tested positive on culturasal prong, floor near the patient, bed rails,
bedsheets, NIV masks, bedside table, and remoteotlen The solid lines radiating from the large
green circle indicate the angle of observation dsedlustration of the patient's room. PCR;

polymerase chain reaction, IV; intravenous, NIVhimwasive ventilator.



Table 1. Sample time points in relation to the @at$’ clinical course and clinical Gtalues

Hospital day
Case Contents
D1 D2 D3 D4 D5 D7 D10 D13 D14
1 Ct value of PCR E 20.24 24.05 26.93 23.28 23.26 27.49
using sputum samples  RdRp 22.31 25.73 28.86 24.98 25.05 29.65
Environmental sampling Air/surface Done
Treatment Mechanical ventilation + + + + + + + + +
Closed circuit suction + + + + + + + + +
Symptoms Sputum + + + + + + + + +
2 Ct value of PCR E 22.53 18.18 2399 34.35 27.96 40
using sputum samples  RdRp 24.35 20.51 26.19 36.33 30.49 40
Environmental sampling Air/surface Done
Treatment Mechanical ventilation - + + + , + + - -
Closed circuit suction - + + + + + + - -
Prone positioning - + + + A - - - -
Symptoms Sputum + + + + + + + - -
3 Ct value of PCR E 13.32 13.97 20.11 16.53 24.70
using sputum samples  RdRp 15.76 16.32 22.29 15.60 24.72
Environmental sampling Air/surface Done
Treatment HENC - - + + + + + + +
Noninvasive ventilation - - - - + + + + +
Manual ventilation - = - - - - + - -
Symptoms Cough, sputum + + + + + + + + +

"Ct; cycle threshold, PCR; polymerase chain reac®uRp; RNA-dependent RNA polymerase,

HFNC; high-flow oxygen therapy via nasal cannula

"+; Either a mentioned symptom existed or the meetiatreatment was performed

-; Either a mentioned symptom did not exist or thentioned treatment was not performed



TableIl. List of air and environmental swab samples and corresponding rRT-PCR’ and culture results

for SARS-CoV-2
Sample Patient 1 Patient 2 Patient 3
Ct value Ct value Ct value
PCR Culture PCR ——  Culture PCR Culture

RdRp E RdRp E RdRp
Air - ND - ND - ND
Air outlet fan - ND - ND + 33.93 34.99 -
Air inlet fan - ND - ND - ND
;\lEisdiit?;;Egal wbe + 3095 3136 @+ + 3233 3302 - + 3178 3428  +
IV pole - ND - ND - ND
Computer - ND - ND - ND
Medication cart - ND - ND - ND
Window - ND - ND u u u -
Window frame - ND - ND - 34.23 36.04 -
Blind curtain - ND - ND - ND
Wall 1 - ND - ND - ND
Wall 2 - ND - ND - ND
Floor near the - - +
patient§ ND ND 30.38 33.07 +
gﬁgggr from the - ND - ND t 3197 3428 -
Bed rails - ND - ND 30.22 30.13
Bedsheet - ND - ND 31.54 31.99
Pillows - ND - ND ND ND
Faucet handle - ND - ND ND ND
Door knob - ND - ND - ND
Call button S ND - ND - ND
Restraint - ND - ND + 34.08 35.18 -
Blood pressure cuff - ND - ND - ND
2’2:5 mask/NIV - ND - ND + 2885 2894  +
Ventilator - ND - ND - ND
Patient monitor - ND - ND - ND
Bedside table ND ND ND ND u 33.09 U +
:;ig:g:(")"r oxygen ND ND ND ND * 3056 33.12 -
Telephone ND ND ND ND + 31.39 33.42 -
Remote controller ND ND ND ND + 29.48 29.66 +
Thermometer ND ND ND ND + 3156 32.13 -
Cup ND ND ND ND + 32.32 33.55 -

" IRT-PCR; reverse transcription polymerase chain reaction, PCR; polymerase chain reaction, Ct;

cycle threshold, RdRp; RNA-dependent RNA polymerase, IV intravenous, NIV; noninvasive



ventilator, ND; not done, U; undetermined
-: negative

¥+; positive

$ The floor within 1 m from the patient.

" The floor at a distance of more than 2 m from the patient.





