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ABSTRACT

Background: To evaluate SARS-CoV-2 surface and air contamination during the peak of
the COVID-19 pandemic in London.

Methods: We performed this prospective cross-sectional observational study in an acute
NHS healthcare provider. Air and surface samples were collected from seven clinical areas
and a public area of the hospital. All inpatient wards were fully occupied by patients with
COVID-19 at the time of sampling. An active air sampler was used to collect three or four 1.0
m?3 air samples in each area. Surface samples were collected by swabbing approximately 25
cm? of items in the immediate vicinity of each air sample. SARS-CoV-2 was detected by RT-
gPCR and viral culture using Vero E6 and Caco2 cells; additionally the limit of detection for

culturing SARS-CoV-2 dried onto surfaces was determined.
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Findings: Viral RNA was detected on 114/218 (52.3%) of surface and 14/31 (38.7%) air
samples but no virus was cultured. The proportion of surface samples contaminated with
viral RNA varied by item sampled and by clinical area. Viral RNA was detected on surfaces
and in air in public areas of the hospital but was more likely to be found in areas immediately
occupied by COVID-19 patients (67/105 (63.8%) in areas immediately occupied by COVID-
19 patients vs. 29/64 (45.3%) in other areas (odds ratio 0.5, 95% confidence interval 0.2-0.9,
p=0.025, Chi squared test). The PCR Ct value for all surface and air samples (>30) indicated
a viral load that would not be culturable.

Conclusions: Our findings of extensive viral RNA contamination of surfaces and air across
a range of acute healthcare settings in the absence of cultured virus underlines the potential
risk from surface and air contamination in managing COVID-19, and the need for effective

use of PPE, social distancing, and hand/surface hygiene.
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INTRODUCTION

Since it was identified in Wuhan, China, in late 2019, the severe acute respiratory syndrome
coronavirus (SARS-CoV-2) has rapidly spread around the world, resulting in a coronavirus
disease 2019 (COVID-19) pandemic.[1] Experience from previous SARS and influenza
outbreaks and emerging evidence for SARS-CoV-2 suggests droplet and contact spread as
primary transmission routes.[1, 2] Additionally, there is evidence that airborne spread can

occur during aerosol generating procedures.[1, 2]

In-hospital transmission to patients and healthcare workers was a key feature of SARS-CoV-
1.[1, 3] Hospital-onset COVID-19 infection has been reported, probably due to inadequate
implementation of effective infection prevention and control measures.[4] The dynamics of
transmission in the health care environment are unclear and likely to be multifactorial.
Contaminated surfaces and air are recognised as a key part of the transmission dynamic of
SARS, MERS, influenza, and other organisms in hospitals.[1, 2, 5] Laboratory evidence
suggests that the SARS-CoV-2 virus can survive on dry surfaces and in aerosols for days to
weeks, particularly on non-porous surfaces.[6, 7] Furthermore, SARS-CoV-2 RNA has been
detected on surfaces and in the air in hospitals that are caring for patients with COVID-19.[8-

16]

However, our understanding of the role of surface and air contamination in the transmission
of SARS-CoV-2 is limited. Most studies to date have relied on PCR to detect SARS-CoV-2 on
surfaces and in air, and have not attempted to culture live virus thereby limiting the ability to
interpret the relevance of detection by PCR; most studies published so far have focussed upon
one geographical region (Asia), and included a limited selection of clinical and non-clinical
areas were included with no evidence from operating theatre environments.[8, 9, 11, 12, 14,
15] In mid-April 2020, the UK was experiencing the first wave of the COVID-19 pandemic.

During this period, there was evidence for hospital acquired infections with COVID-19.[17]
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Therefore, to inform and optimise infection prevention and control interventions, we evaluated
surface and air contamination across a range of clinically-relevant locations (including
operating theatres) and public areas during the peak of the COVID-19 pandemic in London,
using both RT-PCR and viral culture to detect SARS-CoV-2. We also performed supporting
laboratory experiments to provide evidence on the viability of SARS-CoV-2 on surfaces, with

associated limits of detection to qualify our findings.

METHODS

Setting

Sample collection for this prospective cross-sectional study was performed between April 2"
and 20" 2020 on selected wards at a large North West London teaching hospital group
comprising five hospitals across four sites with 1,200 acute beds, which prior to the pandemic
undertook 1.2 million episodes of patient contact per year. Most sampling was conducted on
one hospital site during the peak of the COVID-19 pandemic (Supplemental Figure 1) when

most patients were managed in cohort wards.

Clinical areas selected for air and surface sampling
Seven clinical areas and a public area of the hospital were selected to represent a range of
clinical environments within our hospital group. These included:

e Adult emergency department, which included sections dedicated for suspected and
confirmed COVID-19 patients (with 19 cubicles and a 6-bedded resuscitation bay) and
for patients not suspected to have COVID-19 (with a two cubicle-bay, and two four-
cubicle bays).

e A 16-bedded COVID-19 cohorting adult acute admissions unit with four four-bedded

bay.
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e A 32-bedded COVID-19 cohorting adult intensive care unit with four four-bedded bays
and 16 single rooms.

e Theatres during tracheostomy procedures.

e Two adult COVID-19 cohort wards: one 20-bed ward with four four-bedded bays and
four single rooms, and one 19-bed ward with a nine-bedded bay, an 8 bedded-bay and
two single rooms.

e An adult ward area including a 6-bedded bay converted into a negative pressure area
for management of continuous positive airway pressure (CPAP) on patients with
COVID-19.

e The entrance and public area of the main hospital building.

All inpatient wards were fully occupied by patients with COVID-19 at the time of sampling,
apart from the Emergency Department. In the part of the Emergency Department dedicated
for patients with confirmed or suspected COVID-19, two of the cubicles were occupied and
one patient was in the ambulatory wait area at the time of sampling. These areas were
disinfected daily using a combined chlorine-based detergent/disinfectant (Actichlor Plus,
Ecolab), with an additional twice daily disinfection of high touch surfaces using the same

detergent/disinfectant.

In each of these clinical areas, four air samples were collected (five air samples were collected
in the Emergency Department, and three in public areas of the hospital). Surfaces in the
immediate vicinity of each air sample that were considered to be touched frequently by staff
or patients were sampled. These included bed rails, clinical monitoring devices (blood
pressure monitors), ward telephones, computer keyboards, clinical equipment (syringe
pumps, urinary catheters), hand-cleaning facilities (hand washing basins, alcohol gel
dispensers). In each clinical area, sampling was performed in both patient (i.e. bays and single

rooms) and non-patient care areas (i.e.nursing stations and staff rooms). Environmental
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sampling was conducted during three tracheostomy procedures. During the first procedure,
air sampling was performed before and during the procedure; for the other procedures, air

sampling was performed during the procedure only.

Sampling methods

Air sampling was performed using a Coriolis p air sampler (referred to as Coriolis hereafter)
(Bertin Technologies), which collects air at 100-300 litres per minute (LPM). After 10 min
sampling at 100 LPM, a total of 1.0 m3 air was sampled into a conical vial containing 5 mL
Dulbeccos’s minimal essential medium (DMEM). Surface samples were collected by swabbing
approximately 25 cm? areas of each item using flocked swabs (Copan, US) moistened in
DMEM. Temperature, humidity and time of day were recorded at the time of sampling. In all
clinical settings, samples were taken in order from the lowest to highest perceived risk of

SARS-CoV-2 contamination.

Detection and quantification of SARS-CoV-2 viral RNA genome and viral culture

Viral RNA detection and absolute quantification was performed using quantitative real-time
reverse transcription polymerase chain reaction (RT-qPCR). Samples were extracted from
140 pL of the DMEM medium using the QlAamp viral RNA mini Kit according to the
manufacturer’s instructions (Qiagen, Germany). Negative controls (water) were extracted and
included in the PCR assays. SARS-CoV-2 viral RNA was detected using AgPath-ID One-Step
RT-PCR Reagents (Life Technologies) with specific primers and probes targeting the envelop
(E) gene.[18] The number of SARS-CoV-2 virus E gene copies per m? air and copies per swab

were calculated. All samples were run in duplicate.

Viral culture: Vero E6 (African Green monkey kidney) and Caco2 (human colon carcinoma)
cells were used to culture virus from air and environmental samples. The cells were cultured
in DMEM supplemented with heat inactivated fetal bovine serum (10%) and

Penicillin/Streptomycin (10, 000 IU/mL &10, 000 pg/mL). For propagation, 200 pL of samples
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were added to 24 well plates. After 5-7 days, cell supernatants were collected, and RT-gPCR
to detect SARS-CoV-2 performed as described above. Samples with at least one log increase
in copy numbers for the E gene (reduced Ct values relative to the original samples) after

propagation in cells were considered positive by viral culture.

We defined samples where both of the PCRs performed from an air or surface sample
detected SARS-CoV-2 RNA as positive, and samples where one of the two PCRs performed

from an air or surface sample detected SARS-CoV-2 RNA as suspected.

We performed a laboratory experiment to determine the limit of detection for culturing SARS-
CoV-2 dried on surfaces. A dilution series from solution containing 8.25x108 PFU/mL SARS-
CoV-2 (titred by plaque assay in Vero cells) from 102 to 10 (covering Ct values from 26 to
36) was produced in DMEM and 50 pL inoculated in triplicate onto the surface of plastic
(standard keyboard key) or stainless steel (2 x 1 x 0.2 cm) pieces. The inoculated surfaces
were dried in a safety cabinet for 2 hours after which they were visibly dry. They were then
sampled using flocked swabs. Swabs were deposited into 1.5 mL of DMEM for 1 hour. RT-
gPCR was used to determine viability following 7 days of culture as follows. 140 uL was used
for RNA extraction and gPCR immediately (0 days post inoculation, dpi) and after incubation
for 7 days in a 24-well plate with VeroE6 cells (7 dpi). Samples with an increase in copy
numbers for the E gene (reduced Ct values relative to the original samples) after propagation

in Vero E6 cells were considered positive by viral culture.

Statistical analysis

A Chi square test was used to compare the proportion of environmental samples (surfaces or
air) that were positive or suspected for SARS-CoV-2 RNA in areas immediately occupied by
patients with COVID-19 with other areas. The mean concentration of air and surface
contamination in each of the areas was log transformed and then compared by one-way

ANOVA followed by Tukey’s multiple comparisons test.
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Ethics approval

The work was registered locally as an NHS service evaluation (#434).

RESULTS

114/218 (52.3%) of surface samples were suspected (91/218 (41.7%)) or positive (23/218
(10.6%)) for SARS-CoV-2 RNA but no virus was cultured (Table 1). The proportion of surface
samples contaminated varied by item, with suspected or positive RNA samples identified
on >80% of computer keyboards/mice, alcohol gel dispensers, and chairs, and >50% of toilet
seats, sink taps, and patient bedrails (Figure 1). A similar pattern was observed in air samples;
no virus was cultured, but 14/31 (38.7%) of samples were suspected (12/31 (38.7%)) or

positive 92/31 (6.4%)) for SARS-CoV-2 RNA (Table 1).

SARS-CoV-2 RNA was detected in air samples from all eight areas tested with levels ranging
from 10" to 102 genome copies / m? (Table 1); there was no significant difference in mean viral
RNA concentration across the eight areas tested (p=0.826). Similarly, SARS-CoV-2 RNA was
detected in surface samples from all eight areas tested, with levels ranging from 10" to 10*
copies per swab (Figure 2). There was a significant difference in the mean SARS-CoV-2
surface viral load across the eight areas tested (p=0.004), with both Cohort Ward A and the
Temporary CPAP ward showing higher levels of viral RNA; Cohort Ward A (mean = 1.76 log1o
copies/swab) > Adult ICU (mean = 0.0018 log+o copies/swab) (p = 0.015), and the Temporary

CPAP Ward (mean = 1.69 log1o copies/swab) > Adult ICU (p = 0.016).

Several clinical areas where AGPs are commonly performed were sampled. A suspected
positive air sample was collected in the resuscitation bay in the emergency department, where
aerosol generating procedures are commonly performed (although had not been performed

for more than two hours prior to sample collection). In a ward temporarily converted for CPAP,
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SARS-CoV-2 RNA was detected from air within the negative pressure CPAP bay, and outside
the bay. No patient was undergoing CPAP at the time of sampling, but one patient was
undergoing high-flow nasal cannula (HFNC) oxygen therapy. In the adult ICU, 3/4 air samples
were suspected or positive. In operating theatres, 1/3 air samples collecting during three

tracheostomy procedures was positive.

SARS-CoV-2 RNA was detected in surface and air samples in parts of the hospital hosting
staff but not being used for direct patient care, including the staff room in the ICU, the nursing
station outside of the CPAP unit, and in the hospital main entrance and public toilets. However,
positive or suspected air and surface samples were significantly more likely to be found in
areas immediately occupied by COVID-19 patients than in other areas (67/105 (63.8%) in
areas immediately occupied by COVID-19 patients vs. 29/64 (45.3%) in other areas (odds

ratio 0.5, 95% confidence interval 0.2-0.9, p=0.025).

Since viable virus was not cultured from any of the air or surface samples, we performed
laboratory experiments to determine the limit of detection of SARS-CoV-2 dried onto surfaces.
Viable SARS-CoV-2 virus could be cultured from experimentally contaminated dried surfaces
with a Ct value <30; this was consistent for plastic and metal test surfaces (Table 2). In our

study, all surface and air samples from the hospital environment had a Ct value >30.

DISCUSSION

SARS-CoV-2 RNA was detected frequently from surface and air samples but we did not
identify viable virus in any surface or air sample. Furthermore, our simulated laboratory studies
showed that the RNA levels detected on environmental surfaces in the hospital were lower
than the minimum that can be cultured from surfaces two hours after virus is deposited. SARS-
CoV-2 RNA was identified across the eight areas that we tested, including areas of the hospital

not used to care for patients with COVID-19 (e.g. public areas of the hospital). However

10
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surface and air contamination was significantly more frequent in areas immediately occupied

by COVID-19 patients than in other areas.

A direct comparison between our findings and other studies that have evaluated contamination
of surfaces and air with SARS-CoV-2 is not possible due to differences in: environmental
sampling strategy (including which clinical areas were included, which surfaces were sampled,
and where air samples were collected from); experimental methods (including the method for
sampling surfaces and the sampler used for air); the phase of the pandemic during which
sampling was performed; the physical layout of buildings and clinical spaces (including the
efficiency of air handling systems); individual patient characteristics that have been shonwn
to influence shedding of SARS-CoV-2 and other hospital pathogens including the stage and
severity of disease and site of infection;[4, 19] and the patient and staff testing, and cleaning
and disinfection protocols. Nonetheless, our finding of widespread detection of viral RNA on
surfaces (114/218, 52.3%) and to a lesser extent air (14/31, 38.7%) is broadly consistent with
the findings of most others although the proportion of surface and air samples positive for viral
RNA is higher in our study.[8-13] For example, Ye et al. performed PCR detection of surface
contamination in a range of clinical settings in a hospital caring for patients with COVID-19 in
Wuhan, China.[9] Overall, 14% of 626 surface samples were positive for viral RNA, with a
higher proportion of surface samples positive in the ICU (32% of 69 samples). However, other
studies have identified very little or no contamination of surfaces or air.[8, 10] Other studies
have observed higher frequencies of contamination in patient-care vs. non-patient-care
areas,[8, 9, 11] and variation in the frequency of contamination across different clinical areas,
which is in line with our findings.[9, 11] One surprising finding in our study was that the level
of contamination on surfaces in the ICU was lower than in a cohort general ward or in the
temporary CPAP ward, in contrast to other findings.[9] This may be because patients sampled
in the ICU were on closed circuit ventilation systems through cuffed endotracheal tubes, which
may have a lower risk of producing surface and air contamination than other ventilation

systems such as CPAP.
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We did not identify viable virus on any surface or air sample. Few studies have attempted to
culture SAR-CoV-2 from healthcare environments, and no viable virus was detected.[10, 14]
Our laboratory study of the viability of virus dried on surfaces helps to qualify our findings and
the findings of others, suggesting that Ct values of >30 are unlikely to be culturable. Bearing
in mind that the viral RNA detected in the hospital setting might have been deposited more
than two hours previously, we cannot differentiate whether our inability to culture virus from
the samples is explained by the low RNA levels or the length of time since deposition or both.

It is also possible that virus was infectious but not culturable in the laboratory.

Surface contamination was detected on a range of items. Computer keyboards, chairs, and
alcohol dispensers had the highest proportion of positive/suspected SAS-CoV-2 samples.
Other studies have also identified computer keyboards and/or mice as a risk for contamination
with SARS-CoV-2 RNA.[8, 9, 11] Many of the computers that we sampled were in shared staff
clinical areas (such as nursing stations), so this argues for frequent disinfection of these items.
The contamination of alcohol gel dispensers is unsurprising since staff hands activate these
before hand hygiene is performed. However, alcohol gel dispensers should be included in
routine cleaning and disinfection protocols or designed such that they can be activated without

touching.

We sampled several areas where aerosol generating procedures are commonly performed
including the resuscitation bay in the emergency department, ICU, temporary CPAP ward,
and operating theatres during tracheostomies. Positive or suspected air samples were
identified in all of these clinical areas at a level of 10" to 103 copies / m3. There was no
difference in the viral load of the air across the eight areas sampled, which provides some
evidence that AGPs do not produce persistently high levels of air contamination. However, we
did not sample the air over time, and our air sampling method did not differentiate particle size

so we are unable to distinguish droplets from aerosols (< 5 uM). One recent study evaluated

12
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contamination of the air with SARS-CoV-2 in a permanent hospital and in a field hospital in
Wuhan, China.[13] Viral culture was not performed, but viral RNA was identified a low levels
(in the 10"-102 range copies per m?) in patient care areas, and was not detected or detected
in very low levels in public areas. Positive samples were identified in a range of particle sizes,
including those <5 yM, which would typically be considered as aerosols.[2] It seems likely,
therefore, that the positive and suspected air samples identified in our study included a range
of particle sizes spanning 5 uM, particularly in areas where aerosol generating procedures are

common.

Whilst we performed sampling in a temporary CPAP ward, no patient was undergoing CPAP
at the time of sampling. However, one patient was undergoing HFNC during the time of sample,
and air contamination was identified <1 m from this patient. A recent summary of evidence
concludes that HFNC is a lower risk procedure in terms of aerosol generation than CPAP,

which should be a topic for future studies.[20]

We identified contamination of surfaces and air during three tracheostomy procedures.
Several studies and commentaries have evaluated the potential for various surgical
procedures to produce aerosols for patients with COVID-19.[21-23] One study evaluated the
spread of droplets during tracheostomies, although did not include sampling for SARS-CoV-
2.[21] Whilst our methods did not include measurement of particle size, our findings highlight
a potential theoretical risk of transmission of COVID-19 during these procedures. However, a

larger sample size is required to understand this risk

Our study has important strengths and limitations. Strengths include our sampling strategy
encompassing contemporaneous surface and air samples from a range of clinical services
including both patient care and non-patient care areas, specifically, we included operating
theatres and areas dedicated to known and potential AGPs; each sample was tested using

PCR and also viral culture, and we performed laboratory viral culture experiments to quality

13
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our findings; the sampling was conducted during the peak of the pandemic (and so likely
represents a worst-case scenario) in a European hospital group. Limitations include not
collecting patient samples to better understand how our findings links to patient samples,
particularly during tracheostomies and AGPs; no asymptomatic patient or staff testing ongoing
at the time of sampling, which means patients and staff without known COVID-19 could have
been shedding SARS-CoV-2 and this would explain the detection of SARS-CoV-2 RNA in
non-patient care areas; challenges in interpreting the significance of samples with low viral
loads, ; a lack of resolution of particle sizes for contamination of the air; and no longitudinal

sampling was performed so these findings represent a “snapshot”.

Our findings may have implications for future policy and guidelines. Most international
guidelines recommend enhanced surfaces disinfection during the management of COVID-19.
For example, Public Health England recommends enhanced disinfection using a chlorine-
based disinfectant (or a disinfectant with effectiveness against coronaviruses).[24] Our finding
of widespread RNA contamination of clinical areas used to care for patients with COVID-19
supports the need for enhanced disinfection. Social distancing is recommended by most
governments and personal protective equipment (PPE) is recommended during contact with
patients with COVID-19 plus higher levels of PPE for performing aerosol generating
procedures. Whilst we did not measure particle sizes during our air sampling, our findings
highlight a potential role for contaminated air in the spread of COVID-19. Our finding of air
contamination outside of clinical areas should be considered when making respiratory PPE

recommendations in healthcare settings.[25]

Whilst SAR-CoV-2 RNA was detected within healthcare environments, further research linking
patient, staff and environmental samples is required to better understand transmission routes.
Longitudinal environmental and clinical sampling across healthcare settings is required to
understand risk factors associated with viral shedding and transmission. Our findings can be

used to parameterise mathematical models of COVID-19 transmission. Finally, our methods

14
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can be used to assess the potential risk associated with various procedures including some
surgical and other procedures such as CPAP and nebulisation of medications. Findings from
these studies may prompt changes to PPE recommendations for specific procedures, and the
implementation of various innovative tools and approaches to reduce viral shedding (such as

“helmet CPAP”).[26-28]

Whilst SARS-CoV-2 RNA was detected in clinical and non-clinical areas, no viable virus was
recovered. These results are in line with other studies which have identified viral RNA but no
viable SARS-CoV-2 within healthcare environments. Our findings of extensive viral RNA
contamination of surfaces and air across a range of acute healthcare settings in the absence
of cultured virus underlines the potential risk from surface and air contamination in managing
COVID-19, and the need for effective use of PPE, social distancing, and hand/surface

hygiene.
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Table 1. PCR results from surface and air samples.

SURFACE SAMPLES AIR SAMPLES
Total| positive %positive | suspect %suspect positive or % positive Result Conce.ntratl;'o n Notes
suspect or suspect (copies/m®)
Cohort ward A Staff room 6 0 0.0 2 33.3 2 33.3 Negative
Nurse station 6 1 16.7 3 50.0 4 66.7 Negative
Toilet B (outside the patients' bay) 6 0 0.0 2 33.3 2 33.3 Negative
Cohort bay B 6 3 50.0 2 33.3 5 83.3 Positive 7048
Cohort ward B Staff room 4 0 0.0 0 0.0 0 0.0 Negative
Patients' toilet (in the ward) 7 0 0.0 1 14.3 1 14.3 Suspect 464
Male bay 12 1 8.3 4 33.3 5 4.7 Suspect 1335
Male bay (side room) 8 2 25.0 5 62.5 7 87.5 Suspect 163
Adult acute admission unit Ward managers office 5 1 20.0 2 40.0 3 60.0 Negative
Nurse station 7 0 0.0 5 71.4 5 71.4 Positive 404
Patient bay 2 8 0 0.0 2 25.0 2 25.0 Negative
Patient bay 1 10 0 0.0 8 80.0 8 80.0 Negative
Adult emergency department 'Green' majors 10 1 10.0 5 50.0 6 60.0 Negative
Nurse station 4 2 50.0 0 0.0 2 50.0 Negative
Ambulatory waiting 3 2 66.7 1 33.3 3 100.0 Negative
Patient assessment cubicles 3 0 0.0 1 33.3 1 33.3
Male toilet (next to the nurse station) 2 0 0.0 1 50.0 1 50.0
Resus bay (last patient > 2 hours) 10 0 0.0 4 40.0 4 40.0 Suspect 35
Hospital public areas QEQM main entrance 7 1 14.3 4 57.1 5 71.4 Suspect 1574
Male toilet at QEQM main entrance 1 14.3 3 42.9 4 57.1 Suspect 1545
Lift area QEQM ground floor 10 0 0.0 4 40.0 4 40.0 Negative
Temporary CPAP ward Nurse station 5 1 20.0 2 40.0 3 60.0 Suspect 1922
CPAP unit 19 2 10.5 12 63.2 14 73.7 Suspect 31 < 1m from 2 patients
Negative > 2 m from patients
PPE doffing area 5 0 0.0 2 40.0 2 40.0 Negative
Adult ICU Staff room 10 0 0.0 6 60.0 6 60.0 Suspect 249
Nurse station inside ICU 6 1 16.7 0 0.0 1 16.7 Negative
Bay area 1 0 0.0 5 45.5 5 45.5 Suspect 164
Side room bay area 8 2 25.0 4 50.0 6 75.0 Suspect 307
Theatres Theatres 13 2 15.4 1 7.7 3 23.1 Negative Before tracheostomy
Negative During tracheostomy
Suspect 1163 During tracheostomy
Negative During tracheostomy
Total 218 23 10.6 91 41.7 114 52.3 2/31 (6.4%) positive; 12/31 (38.7%) suspect
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Table 2: Viability of SARS-CoV-2 dried onto steel or plastic surfaces from a dilution series; viability determined through RT-PCR from cultures
immediately after drying, 0 days post inoculation (dpi) with Vero E6 cells compared with after culture (7 dpi). Means and standard deviations of

Ct values are shown.

Steel surface Plastic surface
Inoculum (PFU) After drying (Ct) After culture (Ct) After drying (Ct) After culture (Ct)
41.25 26.23 £ 0.30 12.65 + 0.51 Pos 25.95+ 0.06 11.16 £ 0.19 Pos
4.125 29.27 £ 0.04 12.86 + 0.01 Pos 29.51+£0.29 12.58 + 1.47 Pos
0.4125 32.54 £ 0.06 36.48 + 1.80 Neg 32.67 £ 0.07 37.39 £ 0.21 Neg
0.04125 39.22+5.13 41.33 + 3.45 Neg 36.55 +0.23 39.76 £ 4.61 Neg
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Figure 1. Proportion of environmental samples suspected or positive by item sampled. The

number of the x axis represented the number of each item sampled.
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Figure 2. SARS-CoV-19 E gene copy number from surface swabs. The quantity of E gene copy number per swab is shown. Suspect samples

= blue dots; positive samples = red dots; negative samples = black dots.
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Supplemental Figure 1: Trends in daily number of inpatients with COVID-19; the grey box indicates when surface and air samples were

collected
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