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Background: The coronavirus disease 2019 (COVID-19) continues to spread around the
world. In addition to community-acquired infections, nosocomial infections are also a
major social concern. The likelihood of environmental contamination and transmission of
the virus based on disease severity is unknown.
Methods:We collected nasopharyngeal, environmental and air samples from patients with
COVID-19 admitted to the National Centre for Global Health and Medicine between Jan-
uary 29th and February 29th, 2020. The patients were classified by severity of disease. The
collected samples were tested using severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) real-time reverse transcription polymerase chain reaction (real-time RT-
PCR).
Results: SARS-CoV-2 was not detected in a subset of 11 air samples. Of the 141 environ-
mental samples collected from three patient bays and two single rooms, four samples
tested positive for SARS-CoV-2 by real-time RT-PCR. Detections were made on the surface
of a stethoscope used in the care of a patient with severe disease, on the intubation tube
of a patient classified as critical (and on ventilator management), and on the surface of a
gown worn by the nurse providing care.
Conclusions: Regardless of the patients’ disease severity, SARS-CoV-2 was detected on
very few environmental surfaces. However, detection of SARS-CoV-2 on stethoscopes used
Toyama, Shinjuku-ku,
1; fax: þ81 3 6228 0738.
go.jp (K. Nakamura).

Elsevier Ltd on behalf of The Healthcare Infection Society. This is an open access article
ivecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.infpip.2020.100098&domain=pdf
mailto:keinakamura@hosp.ncgm.go.jp
www.sciencedirect.com/science/journal/25900889
www.elsevier.com/locate/ipip
https://doi.org/10.1016/j.infpip.2020.100098
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.infpip.2020.100098


K. Nakamura et al. / Infection Prevention in Practice 2 (2020) 1000982
in the care of multiple patients and on the surface of gowns worn by clinical staff indicates
that medical devices may be linked to the spread of infection.

ª 2020 The Authors. Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The initial reports of coronavirus disease 2019 (COVID-19)
came from Wuhan City, China in December 2019. COVID-19
continues to spread throughout the world as of early April
2020. [1] An outbreak of COVID-19 occurred in Japan in Feb-
ruary 2020. Human-to-human transmission of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has already
been reported both in hospitals and in the community. [2e4] It
was suggested that environmental contamination with Middle
East Respiratory Syndrome coronavirus (MERS-CoV) was asso-
ciated with nosocomial infection. [5] Environmental and air
contamination with SARS-CoV-2 has been reported, [6,7] but
there are few reports of environmental contamination by
severity of disease.

Investigating environmental contamination according to
disease severity may reveal the mode of transmission of
infection in each clinical scenario. If links between likelihood
of transmission and disease severity are identified, and given
situations of limited medical resources (e.g., personal pro-
tective equipment [PPE]), disease severity may be a guide to
allocation of those resources.
Methods

Patients with SARS-CoV-2 PCR-positive infections who were
admitted to the National Centre for Global Health and Medicine
from January 29th to February 29th, 2020 were classified by
disease severity to determine whether room contamination
varied with severity. Previous studies defined COVID-19 as
moderate if the lung was involved and severe if it required
adjunctive oxygen therapy. [6] However, in this study, the
severity of each patient was defined as follows; mild disease
was defined as upper respiratory infection (URI) and fever.
Patients with moderate disease were defined as those with URI,
fever and pneumonia, while patients with severe disease had
URI, fever, pneumonia and also required supplemental oxygen
therapy. Critical patients were defined as those with URI,
fever, pneumonia and requiring supplemental oxygen on a
ventilator. Patients with COVID-19 ranging from mild to severe
were admitted to a four-bed negative pressure bay in a general
ward, while critical patients were admitted to a single negative
pressure room in a general ward and then transferred to a
single negative pressure room in an isolation ward. We inves-
tigated contamination by collecting air samples and swabbing
environmental surfaces in three bays, a single negative pres-
sure room in a general ward and a single negative pressure
room in an isolation ward associated with seven patients. The
samples were tested by real-time reverse transcription poly-
merase chain reaction (real-time RT-PCR) and viral RNA load
was quantified.

This study was reviewed and approved by the Ethics Com-
mittee of the Centre Hospital of the National Centre for Global
Health and Medicine (Approval No. NCGM-G-003491-00) on the
condition that a document that declares an opt-out policy by
which any possible patient and/or relatives could refuse to be
included in this study was uploaded on the Web page of the
Centre Hospital of the National Centre for Global Health and
Medicine.
Sample collection

To examine the possibility of airborne transmission of SARS-
CoV-2, we collected 11 air samples in three negative pressure
bays (Bay 1 to Bay 3), a single negative pressure room in a gen-
eral ward (Room 1) and a single negative pressure room in an
isolation ward (Room 2) using an MD8 airscan sampling device
(Sartorius, Goettingen, Germany) and sterile gelatin filters (80
mm diameter and 3 mm pores; Sartorius). We placed the device
on the floor about 1.5meterse2meters away from the patient’s
head. Air was sampled twice, at a speed of 50 L/minute for 20
minutes, in the negative pressure rooms and its associated
restrooms. [5] The filters were dissolved aseptically and stored
at -80 �C until they were analysed. Cotton swabs premoistened
with viral transport medium (VTM) were used to swab surfaces
aseptically. The following types of surfaces were swabbed in
each bay and room, where applicable: (1) fomites (e.g., smart
phones, tablets, masks, stethoscopes, blood pressure cuffs,
intubation tubes, infusion pump, pillows, TV remote controls,
bed remote controls, syringes, patient clothes, personal data
assistants, personal computers, computer mouse, personal
protective equipment [PPE; e.g., gown, face shield with mask],
consent form paper, patient palm, towel under the intubation
tube, front and back of patient G’s wife’s mask, pulse oximeter
probe); (2) fixed structures in the bays and rooms and associated
restrooms (e.g., door knobs, bed guardrails, over tables, touch
screen of ventilator, monitor, nurse call buttons, TV, curtains,
toilet seats, hand soap dispensers, window sill, exhaust port,
door sensor); and (3) the ventilation exits on the ceilings in the
negative pressure bays and rooms. Cotton swabs with poly-
styrene shafts (FB57835, Fisher Scientific, Hampton, NH, USA)
were moistened with VTM and then rubbed across a maximum
area of 4 � 5 cm2 in three different directions, applying even
pressure. Immediately after sampling, swabs in VTMwere put in
the refrigerator before being stored at -80 �C. This sampling
method was validated in a prior study. [8] Environmental sam-
ples from all rooms (except Room 2) were collected after 6e8
hours of daily room cleaning and disinfection. Room 2 was
cleaned and items were disinfected at least once a day. While it
was unclear how many hours had passed since cleaning, sam-
pling in Room 2 was done in the late evening. The disinfectant
solution contained potassium peroxymonosulfate and sodium
dodecylbenzene sulfonate.
Laboratory procedures

Respiratory specimen samples and air and environmental
swab samples were sent to the National Institute of Infectious
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Table I

Sampling time points in patient illness and viral RNA load

Disease

severity

Patient Bay or room Day of illness when

samples were

collected

Presence of symptoms

during sampling

Symptoms Viral RNA load of patient

(Copies/mL)
Viral RNA load of environmental

samples (copies/swab)

MILD A Bay 1 5 Asymptomatic Fever 172284.72 (day 2 sputum),
3759.82 (day 5 sputum)

undetectable

MODERATE B Bay 2 9 Yes Cough, fever,
sputum production,

fatigue

762912.44 (day 6 sputum),
8719.48 (day 10 sputum)

undetectable

C 7 Asymptomatic Cough, fever 1297.50 (day 4 sputum),
151.63 (day 8 sputum)

undetectable

SEVERE D Bay 3 8 Yes Cough, fever,
shortness of breath

6989.78 (day 6 sputum),
15.02 (day 10

nasopharyngeal)

2.96 x 103 (Shared
Stethoscope Membrane)

E 16 Yes Cough, fever,
shortness of breath

49.10 (day 16
nasopharyngeal)

F Bay 2; admission 9 days after
patient B and C were

admitted

9 Yes (Breathing 8L of
oxygen through a

mask)

Cough, fever,
shortness of breath

22780 (day 8 sputum),
4488 (day 8

nasopharyngeal)

undetectable

CRITICAL G Room 1; moved to Room 2 on
the 9th day after admission

10, 17 Yes (mechanical
ventilation)

Cough, fever,
shortness of breath,

fatigue

15986 (day 10 sputum),
24.85 (day 18 sputum)

4.62 x 105 (day 10: intubation
tube), 4.41 x 103 (day 17:

intubation tube),
4.78 x 103 (day17: nurse’s upper

front
part of gown)
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Figure 1. Bays 1, 2, and 3, each with 4 beds. The floor plan of a four-person negative pressure room into which Patient A and A’s wife,
Patients B, C, and F, and Patients D and E were admitted. The solid line radiating from the large blue oval indicates the angle of
observation used to illustrate the room.
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Diseases, Tokyo, Japan, for real-time RT-PCR of SARS-CoV-2.
Real-time RT-PCR for SARS-CoV-2 was performed using the
QuantiTect Probe RT-PCR Kit (Qiagen, Hilden, Germany) with
the following probe and primer sets; WuhanCoV-N1f 50-
GGCCGCAAATTGCACAAT-30, WuhanCoV-N1r 50-CCAATGCGCGA-
CATTCC-30, and WuhanCoV-N1pr-fam 50-FAM-CCCCCAGCGCTT-
CAGCGTTCT-TAMRA-30 targeting nucleoprotein gene
(29175e29235 in MN908947.3) for analysis of respiratory sam-
ples; NIID_2019-nCOV_N_F2 50-AAATTTTGGGGACCAGGAAC-30,
NIID_2019-nCOV_N_R2 50-TGGCAGCTGTGTAGGTCAAC-30, and
NIID_2019-nCOV_N_P2 50-FAM-ATGTCGCGCATTGGCATGGA-
TAMRA-30 targeting nucleoprotein gene (29125e29282 in Gen-
Bank accession MN908947.3) for environmental samples.
Figure 2. Single patient Room 1. The floor plan of the single negativ
radiating from the large blue oval indicates the angle of observation
Results

One patient (A) had a mild case of COVID-19, two patients (B
and C) had moderate disease, three patients (D, E and F) had
severe disease, and one patient (G) was in critical condition.
We conducted an environmental survey in patient A’s room
(Bay 1), which he entered with his wife (who had no detectable
SARS-CoV-2 infection). Patients B and C were hospitalised in
Bay 2 and had been in the same bay for 6 days prior to the
environmental study. Patients D and E were admitted to Bay 3
and had been in the same room for 7 days prior to the envi-
ronmental study. Patient F, who had severe disease, entered
Bay 2 nine days after patients B and C were admitted; all three
e pressure room where patient G was hospitalized. The solid line
used to illustrate the room.



Figure 3. Single patient Room 2. The floor plan of the single negative pressure isolation room and in which patient G was admitted after
transfer. The solid line radiating from the large blue oval indicates the angle of observation used to illustrate the room.
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had been in the same room for 1 day before the environmental
study. Patient G entered Room 1 three days before the envi-
ronmental study; he was moved to Room 2 eight days after he
entered Room 1 and we conducted an environmental survey
two days after the move. In addition, there were 1e2 nurses
stationed in Room 2 at all times.

Respiratory samples

SARS-CoV-2 real-time RT-PCR results at the time of sampling
of all seven patients were positive. The viral RNA loads of each
patient are shown in Table I.

Air samples

All air samples were negative for SARS-CoV-2.

Environmental samples

Of the 141 swab samples collected from the three bays and
two single rooms, four samples tested positive for SARS-CoV-2
by real-time RT-PCR (Figures 1e3). The first positive sample
was collected from the Bay 3 (occupied by patients with severe
disease), from the membrane surface of a stethoscope used in
the care of patients D and E (viral RNA load: 2.96 x 103 copies/
swab). The second positive sample was collected from the
room of patient G, from the intubation tube on day 10 of
admission (viral RNA load: 4.62 x 105 copies/swab). The
remaining two positive samples were also collected from the
room of the critical patient (G). One positive sample for SARS-
CoV-2 (viral RNA load: 4.41 x 103 copies/swab) was from the
intubation tube of patient G (on day 17 of admission), and the
other (viral RNA load: 4.78 x 103 copies/swab) was from a
nurse’s PPE (upper front part of gown; Figure 3).

Discussion

The disease severity among patients with COVID-19 was
classified into four categories (mild, moderate, severe, and
critical) and airway, environmental surface, and air samples
from rooms occupied by patients in each of these categories
were examined. Previous studies have shown that SARS-CoV-2
environmental contamination is low. [9,10] Even in this study,
the environmental contamination of SARS-CoV-2 was low. Out
of 141 environmental samples, SARS-CoV-2 was detected on
four items, including intubation tubes, a stethoscope, and a
gown worn as PPE.

One of the most important findings demonstrated by this
study was that SARS-CoV-2 was detected on the surface of a
stethoscope and a gown. A prior study from Singapore showed
that SARS-CoV-2 was detected on a stethoscope. [6] The
stethoscope surface was used in direct contact with patients
and may have been easily contaminated, as well as a potential
route of transmission. Gown contamination was not reported in
the prior study, [6] however, SARS-CoV-2 was detected on one
of two nurses’ gowns sampled in our study. These results sug-
gest that medical devices that come into direct contact with
patients can be easily contaminated and that PPE should be
properly removed, and medical devices should be kept as clean
as possible to prevent contact infections.

The second important finding was that SARS-CoV-2 was not
detected in the environment of patients who had higher viral
RNA load in the lower respiratory tract and more significant
respiratory symptoms. For example, SARS-CoV-2 was not
detected inside the oxygen mask of patient F (viral RNA load
was 22780 Copy/ml in lower airway specimens), from whom
environmental contamination was anticipated.

Thus, there was no association between the patients’ viral
RNA load or symptoms and environmental contamination. This
finding is not consistent with those of previous studies [6,11] in
which there was a correlation between environmental con-
tamination and patients’ symptoms/viral load in lower respi-
ratory specimens. There were two implications. Firstly, critical
care patients are handled by the staff frequently and in very
close proximity (increasing risk for contamination). Addition-
ally, critically ill patients have many IV catheters, endo-
tracheal tubes, etc, again frequently handled by staff and the
endotracheal tubes can become dislodged providing oppor-
tunity for contamination. Also, it is very difficult to clean the
environment around these patients well in view of all the
equipment. Secondly, patients who are less ill can be self-
sufficient and require less equipment, IV, etc and therefore
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easier to maintain a clean environment. Therefore, it is
important to cohort patients/staff, use disposable equipment
where possible, and not to change PPE (other than hand
hygiene) when cohorting COVID-19 patients in order not to
breech and increase risk for contamination.

The third important finding was that SARS-CoV-2 was
undetectable in all air samples (taken with an air sampler) and
in all rooms ventilation exit surface environments. This was
also shown in the study from Singapore. [6] However, the
results of other SARS-CoV-2 studies have suggested airborne
infection, [7] and this is supported by prior research that has
shown aerosol and airborne transmission of MERS-CoV and the
severe acute respiratory syndrome (SARS) coronavirus. [5,12]
Further, an in vitro study showed that SARS-CoV-2 survived for 3
days in an experimental environment where artificial aerosols
were generated. [13] There are three major implications of
these data. As noted in the previously published study, the air
taken from the hospital room was only a sample, allowing for
the possibility that the virus was present but not captured.
Another important consideration is that the patients who
generated the aerosols may not have been doing so at the time
of sampling. In other words, SARS-CoV-2 may not have been
detected because the air survey was conducted 3 days after
endotracheal intubation, which may have been an aerosol-
generating event. It is also possible that some COVID-19
patients produce contaminated aerosols and others do not;
additional studies are needed to explore the possibility of air-
borne transmission of SARS-CoV-2.

There are three limitations in this study. Firstly, this study
includes a lack of testing of viral viability through culture after
sampling. Without viral culture, it was unclear whether the
detected virus was viable. Secondly, the air sampling was done
in a negative pressure room, potentially reducing the concen-
tration of the virus in the air to below the level of detection.
Thirdly, the SARS-CoV-2 may have gone undetected due to
frequent cleaning.
Conclusions

We investigated environmental surfaces and air con-
tamination in SARS-CoV-2 patient bays and rooms by disease
severity, and our findings show that environmental con-
tamination by SARS-CoV-2 did not increase with increasing
patient severity. SARS-CoV-2 was detected only on the surface
of the stethoscope shared by two severe disease patients, the
intubation tube of a critical patient who was on a ventilator
and the gown of a nurse who cared for the patient. These
results suggest that SARS-CoV-2 infection can occur in the
environment and medical equipment around the SARS-CoV-2
patient, and therefore, it is necessary to properly clean the
environment and medical equipment, and to appropriately don
and doff PPE. Air contamination by SARS-CoV-2 was not con-
firmed in this study but the negative pressure environment may
have affected the results, and further studies on air con-
tamination are needed.
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