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Aerosols may be at the core of COVID-19 transmission 

Daniil Gorbatenko 

 

Before the COVID-19 pandemic, the question whether the large droplet or aerosol 

transmission route is the predominant one had already been a subject of controversy in the 

research on another viral respiratory disease - influenza. It has also quickly arisen with 

respect to the arguably more dangerous viral newcomer.  

 

The two crucial differences between the aforementioned transmission routes lie in the 

behavior of the respective physical carriers of the virus and their capacity to spread the virus 

directly to the lower respiratory tract. Large droplets are too heavy to remain suspended in the 

air and follow a ballistic trajectory before either falling to the ground or landing on an object. 

They are too large to reach the lungs. Aerosols (or droplet nuclei) can become airborne, or 

continue of floating in the air long after their release. Some of them are so small that they can 

be carried into the lower respiratory tract. 

 

The predominant hypothesis with regard to SARS-CoV-2 spread has been that it happens 

primarily through large droplets. The key evidence for this conclusion is that the virus clearly 

spreads much more readily to the close contacts of the infected compared to the casual 

contacts. SARS-CoV-2 also infects the upper respiratory tract much better than the similar 

dangerous SARS and MERS coronaviruses.  

 

However, the fact that a certain respiratory virus infects the nose and throat well and sems to 

frequently spread through close contacts does not settle the issue because the same is true of 
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the better studied influenza. Importantly, some recent research on how it spreads has 

questioned the idea that large droplets are at the heart of its transmission. 

 

Large droplets and aerosols in influenza 

 

The 2013 review of evidence on influenza transmission routes by Killingley and Nguyen-

Van-Tam cast doubt on the primacy of the large droplet route in influenza transmission.1 

Among other things, they stressed the finding that it takes a much smaller dose of the virus to 

infect people using inhaled aerosols than intranasal inoculation. The authors also noted that 

coupled with the need for the potential target of infection to inhale large droplets at exactly 

the right time, the higher required infectious dose of large droplets had made some authors 

cast a strong doubt on their importance.  

 

Secondly, a recent large human challenge study by Nguyen-Van Tam, Killingley, Enstone et 

al.2 involved two groups of volunteers. The first group (the donors) was inoculated through 

the nose by the researchers, while the second was supposed to be infected by the donors. 

Remarkably, despite presumably highly suitable conditions for transmission (a closed space 

with low humidity), the donors collectively managed to infect only one of their targets. 

 

The researchers noted that the deliberately infected participants did not produce as much of 

infectious aerosols as symptomatic people in a natural infection setting had been found to. 

After excluding other factors, the researchers put forward two potential explanations for the 

lack of success at transmitting. First, the experimental space may have been insufficiently 

poorly ventilated for transmission. Secondly, and most intriguingly, Nguyen-Van Tam, 
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Killingley, Enstone et al. surmised that a minority of the infected with significant lung 

involvement may be behind most of transmission. 

 

The hypothesis that infectious aerosols are primarily generated in the lower respiratory tract 

is supported by the study conducted by Yan, Grantham, Pantelic et al.3 They looked into the 

presence of the infectious virus and viral RNA copies in the nasopharyngeal (NP) swabs and 

exhaled aerosols of community-acquired influenza cases from a college campus. 

 

Infectious virus was observed in 39% of the fine aerosols generated by the cases. Importantly, 

infectious virus was found in fine aerosols generated during the sessions without any coughs.  

Yan et al. also found that the viral RNA in NP swabs was not correlated with the number of 

coughs, that the viral RNA in coarse aerosols was weakly correlated with cough frequency 

and that what was the best correlated with it was the viral RNA in fine aerosols, even though 

cough is primarily the source of coarse aerosols. There was no correlation between the 

observed sneezes and the RNA in exhaled aerosols. 

 

Of course, one may object that SARS-CoV-2 is not influenza. It is a larger virus, has a larger 

genome, is RNA-positive, and so on. However, whether it is the large droplets or aerosols 

that predominate in transmission mostly seems to depend on the physical mechanisms rather 

than on what the virus does if it succeeds to release its components into a cell. Nonetheless, it 

is certainly important to look at the evidence on the potential importance of aerosols in 

COVID-19.   

 

Evidence of the crucial role of the aerosol route in Covid-19 
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The key line of evidence in favor of a large role of aerosol transmission in COVID-19 relates 

to the sheer scale of some superspreader events in tight spaces. Large religious gatherings in 

South Korea, Malaysia and France, a call center in South Korea, cruise ships, war ships, 

prisons, meat-packing plants, aprés-ski bars, perhaps, many hospitals, and of course, nursing 

homes. What seems to unite those contexts is that the virus rapidly spread to a lot of people at 

the same indoor space, and it is hard to imagine that the effect could have been due to large-

droplet spread through close-range interactions. 

 

Another suggestive finding is that children below 10 years of age seem to be responsible for 

little if any transmission, despite having measurable nasal viral loads that are not dramatically 

different from those of adults.4 Meanwhile, the aerosol hypothesis has no trouble accounting 

for the lower infectiousness of children, since the lower respiratory tract involvement is 

probably required for significant infectious aerosol generation, and children seem to have 

milder forms of the disease that probably mostly involve the upper respiratory tract. 

 

Another boost for the aerosol hypothesis is provided by the study of the spread of COVID-19 

in Gangelt.5 It is the area with some of the highest incidence in Germany, and the reason for 

this is believed to be the initial superspread during carnival festivities at a large hall. 

Crucially, the researchers found that those who participated in the superspread event were 

more likely to both be infected and have more severe symptoms than the secondary contacts. 

It seems easier to account for these facts with the aerosol hypothesis is we assume that the 

hall at which the superspreader event took place was less well-ventilated than most other 

indoor spaces where transmission took place in Gangelt. 

 

Potential objections 
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Of course, certain objections to the aerosol hypothesis could be and have been made. If 

SARS-CoV-2 is primarily spread by people with lung involvement, why is it so much more 

contagious that SARS and MERS that are mostly contained to the lungs? The potential 

answer may be given by the findings by Sun et al.6 In particular, they discovered that SARS-

CoV-2 infection resulted in a much earlier host cellular and immune responses than those by 

SARS-CoV and MERS-CoV. If alveolar inflammation is behind infectious aerosol 

production, the early immune response to SARS-CoV-2 seems to account for its higher 

infectiousness. Pre-symptomatic people with lung involvement would be able to transmit the 

virus early, whereas in SARS and MERS, transmission capability would coincide with the 

highly symptomatic stage of the infection.   

 

Another potential objection to the aerosol thesis may be raised by the study of COVID-19 

spread at a restaurant in Guandong where several clients were infected along the trajectory of 

the airflow from the air conditioning system.7 The researchers concluded that the evidence 

was more consistent with the large droplet hypothesis. However, they themselves 

acknowledged that the evidence that they present is not incompatible with the aerosol 

hypothesis. As Killingley and Nguyen-Van-Tam noted in the aforementioned influenza 

transmission evidence review with regard to similar research on influenza, studies like this 

are not suitable for distinguishing between the large droplet and aerosol routes.  

 

Finally, it could be argued that the evidence that at least part of COVID-19 transmission is 

due to asymptomatic or pre-symptomatic carriers is hard to square with the hypothesis that 

the aerosols generated in the lungs drive spread. However, the lung scans of many 
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asymptomatic passengers on The Diamond Princess have shown significant lung 

involvement.8 The average age of the passengers was a lot higher than the society average 

 

 

Conclusions 

 

While it will probably be infeasible to conduct human challenge studies in COVID-19 in the 

near future, the potential that most of the spread is via the aerosol route creates an urgent 

need for studying the SARS-CoV virus and RNA in exhaled aerosols of those with a 

community-acquired infection, along the lines of the study by Yan, Grantham, Pantelic, et al. 

discussed above. 

 

If the aerosol route is indeed behind most of the spread (especially of the severe forms of 

disease), this would require a complete switch of focus from various social distancing 

policies to boosting ventilation and (or) relative humidity in indoor spaces in tackling 

COVID-19.   
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