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Letter to the Editor

Characteristics of SARS-CoV-2 exhaled by COVID-19 "
patients

Dear editor

In this Journal, Zheng and colleagues recently described high
concentrations of SARS-CoV-2 virions in aerosols exhaled by pa-
tients with Omicron variant infection.! In this study, we analyzed
the viral load progression and size distribution of SARS-CoV-2 in
exhaled breath from COVID-19 patients. Our findings may provide
a better understanding of the characteristics of SARS-CoV-2 in ex-
haled breath.

SARS-CoV-2 has resulted in a global corona virus disease pan-
demic and may become a long-term global pandemic disease. Un-
derstanding the transmission of SARS-CoV-2 is critical for taking
effective infection prevention and control measures to minimize
the spread. The transmission of SARS-CoV-2 predominantly oc-
curs through the respiratory tract.? The respiratory transmission
of SARS-CoV-2 is caused by inhalation of virus-containing aerosols
(<5 pm) or droplets (>5 pm), which could be mainly from the ex-
haled breath of COVID-19 patients. It was reported that exhaled
breath could represent a more suitable for assessing the infectiv-
ity of COVID-19 patients.> The detection of SARS-CoV-2 in exhaled
breath samples would be a promising biological matrix to examine
the transmission of SARS-CoV-2 as well as its risk of contagion.*
However, the detailed characteristics of SARS-CoV-2 in exhaled
breath from COVID-19 patients have also not been concluded.

This study aimed to analyze the viral load progression and size
distribution of SARS-CoV-2 in exhaled breath from COVID-19 pa-
tients. Here, serial exhaled breath specimens (n = 33) were taken
at 1, 3, 5, 7,9, 11, and 13 days post hospitalization (dph) from
five COVID-19 patients. Another 3 exhaled breath specimens were
also collected into gelatin filters to detect the SARS-CoV-2 parti-
cle size distribution. All specimens were collected without patient
informed consent and stored at -80°C until extraction. SARS-CoV-
2 RNA detection was determined by real-time quantitative reverse
transcription polymerase chain reaction (qQRT-PCR).

We found that the viral loads of exhaled breath specimens from
the 5 patients declined with increasing duration of illness after
patient hospitalization (Fig. 1A-E), and three of the five patients
exhaled ten million SARS-CoV-2 particles per hour (107 viral RNA

https://doi.org/10.1016/j.jinf.2022.07.017

copies) at 1 dph (Fig. 1C-E). In exhaled breath, SARS-CoV-2 was
mainly found to include two size ranges, one in the 2.1-4.7 um re-
gion and the other in the >4.7 pm region (Fig. 1F). The >4.7 pm
particles, which were in the large particle size range, mainly came
from respiratory droplets, accounting for 87.13% of the total virus,
and the 2.1-4.7 um particles, which were in the small particle size
range, mainly came from aerosols (<5.0 pm), accounting for 10.79%
of the total virus (Fig. 1G).

The COVID-19 patients exhaled ten million virus particles per
hour, which was 9 times higher than 1050 viral RNA copies that
previously reported.” Sequence analysis the SARS-CoV-2 virus in
this study was the Delta strain. It has been reported that the Delta
and Omicron variants showed a stronger transmissibility than the
other SARS-CoV-2 variants.%” Our study showed that patients in-
fected with the Delta variant exhaled more SARS-CoV-2 particles,
another study found Omicron patients also exhaled ten million
virus particles per hour,! which could be an important reason
why the Delta and Omicron variants were more transmissible than
other variants.

SARS-CoV-2 can be transmitted through direct contact and
aerosols,® but there are still some controversial viewpoints about
droplet transmission.” SARS-CoV-2 has been detected in aerosol
regions (<5 pm) in the air of ward,'® suggesting SARS-CoV-2
was transmitted via aerosols in air. To date, there is no con-
crete evidence to prove the droplet transmission of SARS-CoV-2.
In this study, we found that SARS-CoV-2 was mainly concentrated
in droplets in exhaled breath, indicating that respiratory droplets
might be a major transmission route in the exhaled breath of
COVID-19 patients. SARS-CoV-2 is mainly distributed in aerosols
in the air, but it is mainly distributed in droplets in the ex-
haled breath. The droplet particles between air and exhaled breath
showed no significant difference (Fig. S1), the reason why SARS-
CoV-2 mainly distributed in droplets in exhaled breath needs fur-
ther study.

For the first time, we reported SARS-CoV-2 particle size dis-
tribution characteristics in the exhaled breath of COVID-19 pa-
tients and found SARS-CoV-2 was mainly distributed in respira-
tory droplets (>4.7 pm). Respiratory droplets transmission of SARS-
CoV-2 in exhaled breath of COVID-19 patients should be con-
cerned.

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Viral load progression and size distribution of SARS-CoV-2 in exhaled breath. (A-E) viral load progression of exhaled breath samples from 5 selected COVID-19 patients
over 13 days. Viral RNA copies per 5 min exhaling. (F) Size distribution of virus directly expelled during 30 min of breathing from 3 COVID-19 patients. (G) Percentage of

virus particles in four sizes of SARS-CoV-2 exhaled by the 3 patients.
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