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A

Biosafety cabinet in a biosafety level 3 facility

120 cm

Sealed with adhesive tape
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Our data will help medical workers understand the proper use and performance of masks and

determine whether they need additional equipment to protect themselves from infected patients.

SEOTF -2k, ERREEELR~R 7O RERAELEREZERL, BRELE-BEILH RS
37-DIBMORERBMNEPE S M T 5 DI&ID,

IMPORTANCE Airborne simulation experiments showed that cotton masks, surgical masks, and
N95 masks provide some protection from the transmission of infective SARS-CoV-2
droplets/aerosols; however, medical masks (surgical masks and even N95 masks) could not

completely block the transmission of virus droplets/aerosols even when sealed.
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FIG 2 Mask protective efficiency against SARS-CoV-2 droplets/aerosols. The nebulizer was charged
with virus suspension (5 X 105 PFU [A to E], 1 X 108 PFU [F and G], 1 X 105 PFU [H], and
1 X 104 PFU [I]) to generate droplets/aerosols and exhaled continuously to simulate a mild cough
at a flow speed of 2 m/s for 20 min. Face masks were attached to the mannequin heads, and the viral
loads and infective virus that passed through the masks were measured by use of a plaque assay and
quantitative real-time reverse transcription PCR (qRT-PCR), respectively. The N95 masks were
evaluated using the following two conditions: the mask fit naturally along the contours of the

mannequin’s head, or the edges of the N95 masks were sealed with adhesive tape.
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e next tested the protective efficacy of masks when the amount of exhaled virus was increased. The
viral load was augmented to 108 PFU and exhaled by the spreader; then the uptake of the virus
droplets/aerosols was measured when various types of masks were attached to the receiver. As with

the lower viral load (5 X 105 PFU) shown in Fig. 2B, the N95 mask sealed with adhesive tape



showed approximately 90% protective efficacy (see Fig. 2F and G for a comparison of two N95
products). When the amount of exhaled virus was reduced to 105 PFU or 104 PFU, infectious viruses
were not detected, even in the samples from the unmasked receiver (Fig. 2H and I). Viral RNA was
detected in all samples; however, due to the quantitative decrease, there was no difference in

protective efficacy among all of the masks, including the sealed N95 masks.
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Our data will help medical workers understand the proper use and performance of masks (e.g., the
importance of fitting masks and avoiding their reuse) and to determine whether they need additional
protective equipment (e.g., a negative-pressure room or positive-pressure masks) to protect

themselves from infected patients.
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United States

Coronavirus Cases:

Deaths:

https://www.worldometers.info/coronavirus/country/us/
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Many governments have made nose and mouth covering or face masks compulsory for schoolchildren.
The evidence base for this is weak.1,2 The question whether nose and mouth covering increases
carbon dioxide in inhaled air is crucial. A large-scale survey3 in Germany of adverse effects in
parents and children using data of 25 930 children has shown that 68% of the participating children

had problems when wearing nose and mouth coverings.
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The normal content of carbon dioxide in the open is about 0.04% by volume (ie, 400 ppm). A level
of 0.2% by volume or 2000 ppm is the limit for closed rooms according to the German Federal

Environmental Office, and everything beyond this level is unacceptable.4
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Methods

We measured carbon dioxide content in inhaled air with and without 2 types of nose and mouth
coverings in a well-controlled, counterbalanced, short-term experimental study in volunteer
children in good health (details are in the eMethods in Supplement 1). The study was conducted
according to the Declaration of Helsinki and submitted to the ethics committee of the University

Witten/Herdecke.
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All children gave written informed consent, and parents also gave written informed consent for
children younger than 16 years. A 3-minute continuous measurement was taken for baseline carbon
dioxide levels without a face mask. A 9-minute measurement for each type of mask was allowed: 3
minutes for measuring the carbon dioxide content in joint inhaled and exhaled air, 3 minutes for
measuring the carbon dioxide content during inhalation, and 3 minutes for measuring the carbon

dioxide content during exhalation.
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Results

The mean (SD) age of the children was 10.7 (2.6) years (range, 6-17 years), and there were 20 girls
and 25 boys. Measurement results are presented in the Table. We checked potential associations
with outcome. Only age was associated with carbon dioxide content in inhaled air (y = 1.9867 -
0.0555 X x;r = —0.39; P = .008; Figure). Hence, we added age as a continuous covariate to the

model. This revealed an association (partial n2 = 0.43; P < .001).
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Contrasts showed that this was attributable to the difference between the baseline value and the
values of both masks jointly. Contrasts between the 2 types of masks were not significant. We
measured means (SDs) between 13 120 (384) and 13 910 (374) ppm of carbon dioxide in inhaled
air under surgical and filtering facepiece 2 (FFP2) masks, which is higher than what is already

deemed unacceptable by the German Federal Environmental Office by a factor of 6.
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This was a value reached after 3 minutes of measurement. Children under normal conditions in
schools wear such masks for a mean of 270 (interquartile range, 120-390) minutes.3 The Figure
shows that the value of the child with the lowest carbon dioxide level was 3-fold greater than the
limit of 0.2 % by volume.4 The youngest children had the highest values, with one 7-year-old child’s

carbon dioxide level measured at 25 000 ppm.
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Discussion

The limitations of the study were its short-term nature in a laboratory-like setting and the fact that
children were not occupied during measurements and might have been apprehensive. Most of the
complaints reported by children3 can be understood as consequences of elevated carbon dioxide
levels in inhaled air. This is because of the dead-space volume of the masks, which collects exhaled
carbon dioxide quickly after a short time. This carbon dioxide mixes with fresh air and elevates the
carbon dioxide content of inhaled air under the mask, and this was more pronounced in this study

for younger children.
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This leads in turn to impairments attributable to hypercapnia. A recent review6 concluded that there
was ample evidence for adverse effects of wearing such masks. We suggest that decision-makers
weigh the hard evidence produced by these experimental measurements accordingly, which suggest

that children should not be forced to wear face masks.
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Abstract

Stringent COVID-19 control measures were imposed in Wuhan between January 23 and April 8§,
2020. Estimates of the prevalence of infection following the release of restrictions could inform post-
lockdown pandemic management. Here, we describe a city-wide SARS-CoV-2 nucleic acid screening

programme between May 14 and June 1, 2020 in Wuhan.

T

20204 1 H 23 H» 5 4 A8 HE cofl, ®# T COVID-19 Dt L WHEIKED & & sz, HIR
R DBRPREREZMET 2L T, vy 2 Xy v oy T Iy 7EBIIEITEI LN TE
%, 22T, 2020658 14H»5 6 A1 Hichir <, RETHTbh7ATHL24TD SARS-CoV-
2BBBR ) —=v X Tu s LIconTikR 3,

All city residents aged six years or older were eligible and 9,899,828 (92.9%) participated. No new
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symptomatic cases and 300 asymptomatic cases (detection rate 0.303/10,000, 95% CI 0.270-
0.339/10,000) were identified. There were no positive tests amongst 1,174 close contacts of
asymptomatic cases. 107 of 34,424 previously recovered COVID-19 patients tested positive again
(re-positive rate 0.31%, 95% CI 0.423-0.574%). The prevalence of SARS-CoV-2 infection in

Wuhan was therefore very low five to eight weeks after the end of lockdown.
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Virus cultures were negative for all asymptomatic positive and repositive cases, indicating no “viable

virus” in positive cases detected in this study.
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The asymptomatic positive cases were mainly domestic and unemployed residents (24.3%), retired
older adults (21.3%), and public service workers (11.7%) (Fig. 1).
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Fig. 1: The occupation distribution of asymptomatic positive
cases (%).

Hﬂﬂl“%‘ B Housework or unemployment
ML f D ™ The emeritus and retirees

2,0.7% RRY-EIUARE Service workers in public place

4,1.3% IRSmE Industrial labourer
b R = Cadres staff
ARSmE = Agricultural labourer
ey B Student
L = Teacher
EfATYT

= Medical staff
WiEAT9T W Transportation service personnel

oe B Others

Note: Others included the self-employed, military personnel, and so on.
(Source data are provided as s Source Data file.).



Discussion

The citywide nucleic acid screening of SARS-CoV-2 infection in Wuhan recruited nearly 10 million
people, and found no newly confirmed cases with COVID-19. The detection rate of asymptomatic
positive cases was very low, and there was no evidence of transmission from asymptomatic positive
persons to traced close contacts. There were no asymptomatic positive cases in 96.4% of the

residential communities.
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Previous studies have shown that asymptomatic individuals infected with SARS-CoV-2 virus were
infectious3, and might subsequently become symptomatic4. Compared with symptomatic patients,
asymptomatic infected persons generally have low quantity of viral loads and a short duration of
viral shedding, which decrease the transmission risk of SARS-CoV-25. In the present study, virus
culture was carried out on samples from asymptomatic positive cases, and found no viable SARS-
CoV-2 virus. All close contacts of the asymptomatic positive cases tested negative, indicating that

the asymptomatic positive cases detected in this study were unlikely to be infectious.
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