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

patients 
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ear editor 

In this Journal, Zheng and colleagues recently described high 

oncentrations of SARS-CoV-2 virions in aerosols exhaled by pa- 

ients with Omicron variant infection. 1 In this study, we analyzed 

he viral load progression and size distribution of SARS-CoV-2 in 

xhaled breath from COVID-19 patients. Our findings may provide 

 better understanding of the characteristics of SARS-CoV-2 in ex- 

aled breath. 

SARS-CoV-2 has resulted in a global corona virus disease pan- 

emic and may become a long-term global pandemic disease. Un- 

erstanding the transmission of SARS-CoV-2 is critical for taking 

ffective inf ection prevention and control measures to minimize 

he spread. The transmission of SARS-CoV-2 predominantly oc- 

urs through the respiratory tract. 2 The respiratory transmission 

f SARS-CoV-2 is caused by inhalation of virus-containing aerosols 

 ≤5 μm) or droplets ( > 5 μm), which could be mainly from the ex-

aled breath of COVID-19 patients. It was reported that exhaled 

reath could represent a more suitable for assessing the infectiv- 

ty of COVID-19 patients. 3 The detection of SARS-CoV-2 in exhaled 

reath samples would be a promising biological matrix to examine 

he transmission of SARS-CoV-2 as well as its risk of contagion. 4 

owever, the detailed characteristics of SARS-CoV-2 in exhaled 

reath from COVID-19 patients have also not been concluded. 

This study aimed to analyze the viral load progression and size 

istribution of SARS-CoV-2 in exhaled breath from COVID-19 pa- 

ients. Here, s erial exhaled breath specimens ( n = 33) were taken 

t 1, 3, 5, 7, 9, 11, and 13 days post hospitalization (dph) from 

ve COVID-19 patients. Another 3 exhaled breath specimens were 

lso collected into gelatin filters to detect the SARS-CoV-2 parti- 

le size distribution. All specimens were collected without patient 

nformed consent and stored at -80 °C until extraction. SARS-CoV- 

 RNA detection was determined by real-time quantitative reverse 

ranscription polymerase chain reaction (qRT–PCR). 

We found that the viral loads of exhaled breath specimens from 

he 5 patients declined with increasing duration of illness after 

atient hospitalization ( Fig. 1 A–E), and three of the five patients 

xhaled ten million SARS-CoV-2 particles per hour (10 7 viral RNA 
ttps://doi.org/10.1016/j.jinf.2022.07.017 

163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights r
opies) at 1 dph ( Fig. 1 C–E). In exhaled breath, SARS-CoV-2 was 

ainly found to include two size ranges, one in the 2.1–4.7 μm re- 

ion and the other in the > 4.7 μm region ( Fig. 1 F). The > 4.7 μm

articles, which were in the large particle size range, mainly came 

rom respiratory droplets, accounting for 87.13% of the total virus, 

nd the 2.1–4.7 μm particles, which were in the small particle size 

ange, mainly came from aerosols ( < 5.0 μm), accounting for 10.79% 

f the total virus ( Fig. 1 G). 

The COVID-19 patients exhaled ten million virus particles per 

our, which was 9 times higher than 10 6.0 viral RNA copies that 

reviously reported. 5 Sequence analysis the SARS-CoV-2 virus in 

his study was the Delta strain. It has been reported that the Delta 

nd Omicron variants showed a stronger transmissibility than the 

ther SARS-CoV-2 variants. 6 , 7 Our study showed that patients in- 

ected with the Delta variant exhaled more SARS-CoV-2 particles, 

nother study found Omicron patients also exhaled ten million 

irus particles per hour, 1 which could be an important reason 

hy the Delta and Omicron variants were more transmissible than 

ther variants. 

SARS-CoV-2 can be transmitted through direct contact and 

erosols, 8 but there are still some controversial viewpoints about 

roplet transmission. 9 SARS-CoV-2 has been detected in aerosol 

egions ( ≤5 μm) in the air of ward, 10 suggesting SARS-CoV-2 

as transmitted via aerosols in air. To date, there is no con- 

rete evidence to prove the droplet transmission of SARS-CoV-2. 

n this study, we found that SARS-CoV-2 was mainly concentrated 

n droplets in exhaled breath, indicating that respiratory droplets 

ight be a major transmission route in the exhaled breath of 

OVID-19 patients. SARS-CoV-2 is mainly distributed in aerosols 

n the air, but it is mainly distributed in droplets in the ex- 

aled breath. The droplet particles between air and exhaled breath 

howed no significant difference (Fig. S1), the reason why SARS- 

oV-2 mainly distributed in droplets in exhaled breath needs fur- 

her study. 

For the first time, we reported SARS-CoV-2 particle size dis- 

ribution characteristics in the exhaled breath of COVID-19 pa- 

ients and found SARS-CoV-2 was mainly distributed in respira- 

ory droplets ( > 4.7 μm). Respiratory droplets transmission of SARS- 

oV-2 in exhaled breath of COVID-19 patients should be con- 

erned. 
eserved. 
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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. 

E

i

p

E

t

F

F

M

D

A

t

t

t

S

f

R

 

 

1  

c

thics statement 

Regarding the ethical requirements of human subjects, all spec- 

men collections were obtained with the informed consent of the 

atients. None of the specimens recorded patient identifiers. The 

thics and Scientific Review Committee of Sierra Leone approved 

he study. 

unding 

This research was supported by the National Natural Science 

oundation of China ( 82150202 and 320 0 0134 ) and the National 

ajor Research and Development Program ( 2020YFC0840800 ). 

eclaration of Competing Interest 

The authors declare no competing interests 

cknowledgments 

The authors would like to give our sincere thanks to the hospi- 

al staff that supported us in recruiting the patients and collecting 

he specimens. The authors are most grateful to all SARS-CoV-2 pa- 

ients for participating in this study. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.jinf.2022.07.017 . 

eferences 

1. Zheng J, Wang Z, Li J, et al. High amounts of SARS-CoV-2 in aerosols exhaled by
patients with Omicron variant infection. J Infect 2022 . 

2. Leung NHL, Chu DKW, Shiu EYC, et al. Respiratory virus shedding in exhaled 
breath and efficacy of face masks. Nat Med 2020; 26 :676–80 . 

3. Malik M, Kunze AC, Bahmer T, Herget-Rosenthal S, Kunze T. SARS-CoV-2: viral 

loads of exhaled breath and oronasopharyngeal specimens in hospitalized pa- 
tients with COVID-19. Int J Infect Dis 2021; 110 :105–10 . 

4. Ryan DJ, Toomey S, Madden SF, et al. Use of exhaled breath condensate (EBC) 
in the diagnosis of SARS-COV-2 (COVID-19). Thorax 2021; 76 :86–8 . 

5. Ma J, Qi X, Chen H, et al. Coronavirus disease 2019 patients in earlier stages
exhaled millions of severe acute respiratory syndrome coronavirus 2 per hour. 

Clin Infect Dis 2021; 72 :e652–4 . 
e31 
6. Campbell F, Archer B, Laurenson-Schafer H, et al. Increased transmissibility and 

global spread of SARS-CoV-2 variants of concern as at June 2021. Euro Surveill 
2021; 26 . 

7. Torjesen I. Covid-19: Omicron may be more transmissible than other variants 

and partly resistant to existing vaccines, scientists fear. BMJ 2021; 375 :n2943 . 
8. Richard M, Kok A, de Meulder D, et al. SARS-CoV-2 is transmitted via contact 

and via the air between ferrets. Nat Commun 2020; 11 :3496 . 
9. Fennelly KP. Particle sizes of infectious aerosols: implications for infection con- 

trol. Lancet Respir Med 2020; 8 :914–24 . 
0. Liu Y, Ning Z, Chen Y, et al. Aerodynamic analysis of SARS-CoV-2 in two Wuhan

hospitals. Nature 2020; 582 :557–60 . 

Liu Lina 1 

College of Veterinary Medicine, Jilin University, Changchun, Jilin, 

China 

Zhang Fangfang 1 

The Fifth Medical Center, Chinese PLA General Hospital, Beijing, 

China 

Stephen Sevalie 1 

No. 34 Military Hospital, Wilberforce, Freetown, Sierra Leone 

Zhang Dawei 

The Fifth Medical Center, Chinese PLA General Hospital, Beijing, 

China 

Liu Jun, Guo Zhendong, Zhang Chunmao, Gao Yuwei ∗

Tropical Infectious Disease Prevention and Control Center, 

Wilberforce, Freetown, Sierra Leone 

Chen Weiwei ∗

The Fifth Medical Center, Chinese PLA General Hospital, Beijing, 

China 

Zhao Zongzheng ∗

Tropical Infectious Disease Prevention and Control Center, 

Wilberforce, Freetown, Sierra Leone 

∗Corresponding authors. 

E-mail addresses: gaoyuwei@gmail.com (G. Yuwei), 

ww302@126.com (C. Weiwei), 329517286@qq.com (Z. Zongzheng) 
1 These authors contributed equally to this work. 

https://doi.org/10.13039/501100001809
https://doi.org/10.13039/501100012164
https://doi.org/10.1016/j.jinf.2022.07.017
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00424-8/sbref0010
mailto:gaoyuwei@gmail.com
mailto:cww302@126.com
mailto:329517286@qq.com

	Characteristics of SARS-CoV-2 exhaled by COVID-19 patients
	Ethics statement
	Funding
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


