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Introduction: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
has spready globally. This report describes the person-to-person transmission of the virus
in a hospital setting.
Presentation of case: A 63-year-old man with pneumonia and a 70-year-old man without
symptoms were admitted to a tertiary hospital with SARS-CoV-2 infection. Both men were
accompanied by their wives, who stayed with their husbands during their hospitalisation.
The wives of Patient 1 and Patient 2 tested positive and negative for SARS-CoV-2,
respectively. Of the environmental samples tested, 1/21 and 0/25 from the rooms of
Patient 1 and Patient 2, respectively, tested positive for SARS-CoV-2. Patient 1’s wife
appeared to have acquired infection during her husband’s hospitalisation.
Discussion: The study had several limitations, including methodology inconsistencies.
Additionally, a viral culture was not performed to demonstrate the viability of the virus
identified in the environmental sample. Finally, the wife of Patient 1 stayed on the Dia-
mond Princess cruise ship for 4 days before being transferred to the hospital and may have
been infected on the ship and not while in the hospital.
Conclusion: Our study suggests that airborne transmission of SARS-CoV-2 may be limited.
However, owing to the abovementioned limitations, the results should be interpreted with
caution.
© 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/).
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The severe acute respiratory syndrome coronavirus 2 (SARS-
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Figure 1. Plan of the hospital rooms of Patients 1 and 2. (A) A
single room where Patient 1 and his spouse stayed; and (B) A large
room with 4 beds where Patient 2 and his spouse stayed.

International Concern, and released interim guidelines on
patient management [2]. Community transmission of SARS-
CoV-2 is occurring across the globe [3—5]; however, there is
still much more to learn about how SARS-CoV-2 spreads [6].
While we took care of SARS-CoV-2-infected patients who were
transferred from the Diamond Princess Cruise Ship quarantined
at Yokohama Port in Japan, there were 2 occasions where a
SARS-CoV-2 polymerase chain reaction (PCR)-negative spouse
had to accompany a SARS-CoV-2 PCR-positive patient. We
assessed the potential for SARS-CoV-2 transmission from person
to person in a hospital setting by means of repeat testing of two
patients hospitalised with confirmed SARS-2-CoV infection,
their wives, and environmental samples from their rooms.

Methods
Case summaries

The patients had tested positive for SARS-CoV-2 PCR,
and had been transferred from the Diamond Princess Cruise

Ship to the National Centre for Global Health and Medicine in
Tokyo.

Patient 1

Patient 1 was a 63-year-old man with pneumonia. Sampling
of respiratory specimen and environment was conducted on
Day 13 from diagnosis when he was on mechanical ventilation.
He was admitted to a general ward of our hospital due to SARS-
CoV-2 pneumonia on Day 7, and was intubated on Day 10 from
diagnosis. He had been staying in a single room in our hospital
(Figure 1A), and used the toilet by himself before intubation.
His 65-year old wife, who did not have any symptoms and was
negative for SARS-CoV-2 before admission, refused to stay
apart from her husband. Thus, she stayed with Patient 1 in a
single room during the day, and stayed alone in the room next
door at night. The healthcare providers advised her to wear a
mask at all times and to wash her hands frequently, and did not
allow her to provide any direct patient care. She developed
mild cough on Day 12 from her husband’s diagnosis, and was
tested for SARS-CoV-2 on Day 13.

Patient 2

Patient 2 was an asymptomatic 70-year-old man with Alz-
heimer’s disease. His score on the Mini-Mental State Examina-
tion during admission was 25/30. He was admitted 3 days after
diagnosis. The nasopharyngeal and environmental sampling
was done on admission (Day 3). He had been staying in a large
room with 4 beds (Figure 1B). He was mobile and used the
toilet. His 58-year-old wife, who did not have any symptoms
and was negative for SARS-CoV-2 before admission, needed to
stay with Patient 2 due to his dementia. The healthcare pro-
viders advised Patient 2 and his wife to wear masks at all times
and to wash their hands frequently, and did not allow her to
provide any direct patient care. She developed mild cough on
Day 13 from her husband’s diagnosis, and was tested for SARS-
CoV-2 on the same day.

The rooms for Patient 1 and Patient 2 were designed to
manage patients with tuberculosis, lacked anterooms, and had
negative pressure ventilation.

This study was reviewed and approved by the Ethics Com-
mittee of the Center Hospital of the National Center for Global
Health and Medicine 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 Center Hospital of the National Center
for Global Health and Medicine.

Sample collection

Air was sampled using an MD8 airscan sampling device
(Sartorius, Goettingen, Germany) and sterile gelatin filters (80
mm diameter and 3-um pores; Sartorius). Air was sampled
twice at a speed of 50 L/minute for 20 minutes in the negative-
pressure room and its associated bathrooms [7]. The filters
were dissolved aseptically and stored at —80°C until analysed.
Dacron swabs, premoistened with viral transport medium
(VTM), were used to swab surfaces aseptically. The following
types of surface were swabbed: fomites (including smart
phones, masks, stethoscopes, blood pressure cuffs, intubation
tube, pillows and TV remote controllers); (2) fixed structures in
the rooms and their associated bathrooms (including door
knobs, bed guardrails, over tables, a ventilator touch screen,



Table |

A summary of the patients’ case status, real-time RT-PCR results of respiratory and environmental samples in the 2 SARS-CoV-2-infected patients

Sample Patient data Environmental data
source Case status at time of environmental Days after diagnosis and real-time RT-PCR* results of respiratory samples Environmental Number of positive  Viral load
sampling Day 1 Day 6 sampling real-time RT-PCR
from samples/
total number of
samples
Patient Pneumonia on mechanical ventilation positive positive (at the time of sampling) Air 0/2 4.62 x 10°/ml
1 Fomites 1/6
Fixed structure 0/11
Patient asymptomatic negative positive Ventilation exits 0/2
1’s
wife
Patient asymptomatic positive positive (at the time of sampling) Air 0/2
2 Fomites 0/7
Fixed structure 0/14
Patient asymptomatic negative negative Ventilation exits 0/2
2’s
wife

Real-time RT-PCR, real-time reverse transcription-polymerase chain reaction.
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monitoring devices, nurse call buttons, televisions, curtains,
toilet seats, and hand soap dispensers); and the ventilation
exits on the ceilings in the negative-pressure rooms. Cotton
swabs with polystyrene shafts (FB57835) were moistened with
VTM and then rubbed across a maximum area of 4 x 5 cm? in
three different directions, applying even pressure. Immedi-
ately after sampling, swabs in VTM were put in the refrigerator
before being frozen at —80°C. This sampling method had been
validated during a previous study [8]. All the environmental
samples were collected 6—8 hours after once-daily cleaning
and disinfection of the rooms. Surface swabbing was focused
especially on surfaces such as ventilator exits and the tops of
television sets, which are easily missed during daily cleaning

[7].
Laboratory procedures

Respiratory specimen samples, air and environmental swab
samples were sent to the National Institute of Infectious Dis-
eases, Tokyo, Japan, for real-time reverse transcriptase poly-
merase chain reaction (RT-PCR) testing for SARS-CoV-2. Real-
time RT-PCR was performed using Quantitect probe one-step
RT-PCR kit (Qiagen, Hilden, Germany) with following probe
and primer sets: WuhanCoV-N1f 5'-GGCCGCAAATTGCACAAT-3/,
WuhanCoV-N1r 5-CCAATGCGCGACATTCC-3’, and WuhanCoV-
N1pr-fam 5-FAM-CCCCCAGCGCTTCAGCGTTCT-TAMRA-3' tar-
geting nucleoprotein gene (29175—29235 in MN908947.3) for
analysis of respiratory samples; NIID_2019-nCOV_N_F2 5'-
AAATTTTGGGGACCAGGAAC-3/,  NIID_2019-nCOV_N_R2 5'-
TGGCAGCTGTGTAGGTCAAC-3’, and NIID_2019-nCOV_N_P2 5'-
FAM-ATGTCGCGCATTGGCATGGA-TAMRA-3" targeting nucleo-
protein gene (29125—29282 in GenBank accession MN908947.3)
for environmental samples.

Results

A summary of the two patients’ case status; the real-time
RT-PCR results of respiratory samples from the two patients
and their wives; and the RT-PCR results of environmental
samples from the two patients’ rooms is shown in Table I.
Patient 1’s wife tested negative for SARS-CoV-2 on Day 1 and
positive on Day 13 after her husband’s diagnosis. Patient 2’s
wife tested negative for SARS-CoV-2 on Days 1 and 13 after her
husband’s diagnosis. Of the environmental samples tested, 1 of
21, and 0 of 25 samples from the rooms of Patients 1 and 2,
respectively, tested positive for SARS-CoV-2.

Respiratory samples

Patients 1 and 2 both tested positive for SARS-CoV-2 using
real-time RT-PCR. The viral RNA loads were 3.86 x 10° copies/
mL and 3.76 x 10° copies/mL, respectively. Patient 1’s wife
tested positive for SARS-CoV-2 using real-time RT-PCR on Day 7
of her husband’s hospitalisation, while Patient 2’s wife
remained negative on Day 10 of her husband’s hospitalisation.

Air samples

To examine the possibility of airborne transmission of SARS-
CoV-2, 4 samples air in the patients’ rooms were collected and
tested for SARS-CoV-2 using real-time RT-PCR. Both rooms were

occupied by the patients during the sampling. Intubation was
performed for patient 1 three days before the sampling.
Patient 2 was asymptomatic when the sampling was con-
ducted. All air samples were negative for SARS-CoV-2.

Environmental samples

Of the 42 environmental samples collected from fomites,
fixed structures in the rooms and the attached bathrooms, and
the ventilation exits on the ceilings of the negative-pressure
rooms, only the intubation tube of Patient 1 tested positive
for SARS-CoV-2 (viral RNA load: 4.62 x 10° copies/swab).

Discussion

One of the most important findings of this study is that of 46
environmental samples tested, SARS-CoV-2 was detected from
only one sample: Patient 1’s intubation tube. This suggests that
there was minimal environmental contamination by SARS-CoV-
2. This finding is in direct contrast to that of another study
conducted in Singapore, which found extensive environmental
contamination of the space occupied by non-intubated
patients with mild SARS-CoV-2 upper respiratory tract infec-
tion [9]. This suggests that intubation prevented environmental
contamination, and that the environment of asymptomatic
patients does not become contaminated. For more compre-
hensive infection prevention and control, further studies are
required to further explore the risk of environmental con-
tamination in other clinical settings, including non-intubated
patients with severe respiratory symptoms; patients on
mechanical ventilators; patients treated with extra-corporeal
membrane oxygenation.

The second important finding is that during the period in
which Patient 1 was receiving mechanical ventilation, his wife
tested positive for SARS-CoV-2, while Patient 2’s wife remained
negative during her husband’s hospitalization. At the time of
sampling of Patient 1’s environment, SARS-CoV-2 was not
detected from the environmental surfaces that his wife was
likely to touch, such as smart phone, mask, TV remote con-
troller, door knobs, bed guardrails, over tables, nurse call
buttons, curtains, toilet seats, and hand soap dispensers.
However, the environmental sampling was done 3 days after
Patient 1’s intubation, so the possibility of environmental
contamination prior to his intubation cannot be determined.
Therefore, route of transmission from Patient 1 to his wife is
unclear.

The third important finding was that air samples and the
surface samples of the ventilation exits were negative for SARS-
CoV-2 though aerosol-generating procedures such as suctioning
and intubation were performed in Patient 1’s room. This
implied that the aerosol-generating procedures did not always
create a risk of airborne transmission. There is evidence sup-
porting aerosol/airborne transmission of Middle East respira-
tory syndrome coronavirus and the severe acute respiratory
syndrome coronavirus [7,10]. Further more detailed studies are
required to assess the possibility of airborne transmission of
SARS-CoV-2 so that appropriate infection prevention and con-
trol measures can be implemented in resource-limited
settings.

This study had several limitations. First, viral culture was
not performed to demonstrate viability of the virus identified in
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the environmental sample. Second, due to operational limi-
tations during an outbreak response, the methodology was
inconsistent in terms of timing of respiratory and environ-
mental sampling. Lastly, Patient 1’s wife, who initially tested
negative for SARS-CoV-2, stayed in the Diamond Princess Cruise
Ship for 4 days before transferring to our hospital. Therefore,
there were three possibilities for it. The first one was that she
was infected with SARS-CoV-2 in the last 4 days of her stay in
the ship, and not while she was staying in the hospital. The
second one was that both husband and wife were infected with
SARS-CoV-2 with a longer incubation period in the wife. The
last one was that a single negative throat swab did not exclude
the disease, due to low sensitivity, so the wife’s initial test may
have been a false negative result.
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