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The novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has
caused an outbreak of COVID-19 (2019
coronavirus infectious disease) that has
led to a global public health crisis. The
spread of SARS-CoV-2 can be rapid, but
there is still considerable controversy
about its main route of transmission
[1,2]; that is, whether transmission is
by contact or through the air [2,3].
Recently the WHO (World Health
Organization) released a document that
recognized the possibility of aerosol
transmission of SARS-CoV-2 for indoor
environments and enclosed spaces [4].
The purpose of the present study was
to evaluate the airborne transmission of
SARS-CoV-2 through a field investiga-
tion of its occurrence in the air and other
samples collected from health facilities in
Wuhan, China.

To characterize the distribution of
SARS-CoV-2 in selected microenviron-
ments, 123 indoor and outdoor air sam-
ples were collected from various loca-
tions in the Jinyintan, Hongshan Square
Cabin and Union hospitals in Wuhan,
China from 16 February to 14 March,
2020. The locations of the sampling sites
and descriptions of the microenviron-
ments where the samples were taken are
summarized in Fig. S1 and Table S1. We
used a qRT-PCR (quantitative reverse
transcription real-timefluorescencepoly-
merase chain reaction) kit targeting the

Orf1ab gene to quantify the genome copy
numbers of the SARS-CoV-2 (Materials
and Methods are in the Supplementary
Data online). Eight of 38 aerosol sam-
ples (21.1%) from intensive care units
(ICUs) and one of six aerosol samples
(16.7%) from computerized tomography
(CT) rooms were positive for viral RNA
(Fig. 1, Table S1).The range of virus con-
centrations in the positive aerosol sam-
ples was 1.11 × 103 to 1.12 × 104

RNA copies m−3. The relatively high
virus RNA detection rates in the ICU
ward and CT room where patients’ ac-
tivities were concentrated are consistent
with a previous study [5]. The aerosol
samples from other areas of the hos-
pitals, including medical staff rest areas
and corridors, were all negative, which
may have been due to good ventilation
and clean air in those areas. We found
positive viral RNA in 20% and 10% of
the outdoor air samples collected 10 m
from the doors of inpatient and out-
patient buildings, respectively (Fig. S1),
with concentrations ranging from 0.89
to 1.65 × 103 RNA copies m−3. All vi-
ral RNA positive aerosol samples were
subjected to cell culture to determine
whether viable virus could be recov-
ered from them. The viral nucleic acid
tests were negative after three passages
of Vero-E6 cells inoculated in a blind
test. Similarly, no viable virus was iso-
lated from SARS-CoV-2 PCRpositive air

samples in a study conducted at
Nebraska, USA [3].

To determine whether surgical masks
helped prevent patients from spreading
SARS-CoV-2 in exhaled air, we collected
23 surgical masks from patients who had
a range of health conditions, from crit-
ically to severely to mildly ill, and then
tested the masks for the presence of vi-
ral RNA (Fig. S2). The qRT-PCR re-
sults showed that 39.1% (9 of 23) of the
masks were positive, and positive detec-
tion rates ranged from 30% to 50% for
the three types of patients (Fig. S2A).
Viral RNA varied from 5.71 × 103 to
1.90 × 107 copies/mask (Fig. S2B).
These results indicate that exhaled breath
can be an important source for SARS-
CoV-2, and thepositive rates for themask
samples were relatively high (Fig. S2)
compared with the aerosol (Fig. 1) or
surface samples (Fig. S3). All positive
masks were subjected to cell culture
and inoculated with Vero-E6 cells af-
ter blind passage for three generations.
One mask from a critically ill patient
detected positive, suggesting that the
mask did indeed block the release of vi-
able virus in the air exhaled from the
patient.

To evaluate the role of masks in pre-
venting the spread of viruses to healthy
persons, we tested 10 filters from res-
pirators and 40 masks from healthy re-
searchers working in the P3 laboratory.
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All respirator filter samples were positive
for SARS-CoV-2 RNA while the masks,
which were positioned downstream of
the respirators, were all negative, indicat-
ing that the respirator filters effectively
blocked the transmissionof virus through
the air. Indeed, thenegative results for the
masks suggest that the respirators pro-
vide a high level of filtration efficiency
and protection for airborne virus parti-
cles and that the air inhaled by the re-
searchers who wore them was not con-
taminated with the virus.

We also collected environmental sam-
ples near COVID-19 patients in the hos-
pitals, and of these, five surface swabs
(cabinet, patient’s bedrail, door han-
dle and patient monitor) out of 24
(20.8%) from the ICU were positive for
SARS-CoV-2, with viral RNA (Fig. S3A)
ranging from 1.52 × 103 to 4.49 ×
103 copies/swab (Fig. S3B). Our results

show that efficient disinfection is criti-
cal for nosocomial infection control and
protection of medical staff. Positive virus
RNAwas found for surface samples from
a cabinet (2 of 2, 100%), an ill patient’s
bedrail (1 of 2, 50%), a door handle (1
of 2, 50%) and a patient monitor (1 of
2, 50%). However, after rigorous disin-
fection, no viral RNA was detected in a
second batch of samples from the same
places.

In our study, the SARS-CoV-2 RNA
positive masks from patients (exhaled
from infected patient), ambient air
(transmission medium) and respirators
(inhaled by healthy persons) compose
a transmission chain from emission to
transport to acquisition of the virus,
and this is indirect evidence that, at
least under some circumstances, SARS-
CoV-2 may spread through the air. It is
noteworthy that aerosol transmission
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Figure 1.Detection of SARS-CoV-2 in the aerosol samples inWuhan hospitals, China. Aerosol sam-
ples from various locations were collected over 30 min with centrifugal bioaerosol samplers. qRT-
PCR targeting the Orf1ab gene of the SARS-CoV-2 was performed using One Step PrimeScriptTM

RT-PCR kits. (A and C): the numbers of qRT-PCR positive and negative aerosol samples from (A)
indoors or (C) outdoors are shown as filled and open bars, respectively; the dashed line represents
the qRT-PCR positive rates of the aerosol samples; (B and D): copy numbers of SARS-CoV-2 RNA
in aerosols from (B) indoors or (D) outdoors. A standard curve (Y = 47.951 − 3.44 × log (copy
numbers)) generated from the in vitro transcribed RNA was used to calculate the copy numbers of
SARS-CoV-2 RNA.

of SARS-CoV-2 has been reported in
several cases involving family gatherings
in various Chinese cities [6,7], a restau-
rant in Guangzhou, China [8] and a
choir rehearsal in the USA [9]. Sia et al.
demonstrated that SARS-CoV-2 trans-
mitted efficiently from inoculated ham-
sters to naive hamsters via aerosols [10].

Our results indicate that masks can
play an important role in preventing pa-
tients fromexhaling virus particles and re-
ducing the chances that healthy people
will be infected.Therefore, the wearing of
masks should be encouraged for prevent-
ing the spread of COVID-19, and other
measures, such as improvements to venti-
lation and air disinfection, also should be
adopted for enclosed and semi-enclosed
spaces.

SUPPLEMENTARY DATA
Supplementary data are available atNSR online.
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