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Abstract 
 
It is well recognized that COVID-19 or SARS-CoV-2 virus could be spread through touch 
and large droplets. However, we may have under-estimated the disease transmission by 
small droplets or aerosols that contain SARS-CoV-2 virus. Social distancing in public 
transport vehicles, such as airplanes, is not feasible. It is also not possible to wear masks 
in restaurant.  This paper recommended wearing masks in airplanes and use partition 
screens in the middle of a table in a restaurant to reduce the infection caused by SARS-
CoV-2 virus. Advanced ventilation systems, such as personalized ventilation and 
displacement ventilation, are strongly recommended for transport vehicles and buildings. 
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COVID-19 or SARS-CoV-2 has infected over four million people and has taken 280,000 
lives as of May 9, 2020. The pandemic has also halt the economy in the world. Everyone 
is seeking advice how to have a new normal life. This short article is to assist the public 
in protecting themselves in the new normal life by proposing a few measures in transport 
vehicles and buildings. 
 
We started in 2004 studying airborne infectious disease transmission through the FAA 
Center of Excellence for Airliner Cabin Environment Research (ACER) under 
congressional mandate through public law 108-76. The author, Qingyan Chen, served as 
a co-founding principal director for ACER from 2004 to 2010. ACER consisted of a group 
of professionals representing different disciplines, such as mechanical engineers, public 
health scientists, chemists, materials engineers, environmental engineers, and electrical 
engineers. One of the key research projects was “Infectious Disease Transmission in 
Airliner Cabins” led by Chen (Chen et al., 2012). Given the experience and expertise, 
Chen has become a go-to source for commentary and advice by media in the past few 
weeks on how to curb the spread of SARS-CoV-2, particularly on transport vehicles and 
buildings. Our work has been quoted by top-tier media such as Aljazeera, AP, BBC, 
Business Insider, BuzzFeed, Cheddar.tv, CNN, Fast Company, Forbes, Fox News, Los 
Angeles Times, Sydney Morning Herald, The Washington Post and USA Today. Our 
effort was to offer our thoughts on what all of us need to do to keep SARS-CoV-2 at bay. 
 

1) Airborne spread of SARS-CoV-2 virus 
 
Experts so far cannot agree if SARS-CoV-2 transmission could be airborne (Lewis, 2020), 
via small droplets or aerosols, although research has shown the risk. Early studies found 
that all the masks used by SARS-CoV-2 patients in some hospitals, contained SARS-
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CoV-2 virus. Recent study (Liu et al., 2020) found SARS-CoV-2 virus RNA in indoor air 
of two hospitals. It is very difficult to sample air and detect the virus as the concentration 
is generally low. This proved that droplets from coughing, speaking and even breathing 
contain the virus. However, many believe that SARS-CoV-2 transmission is only by touch 
and large droplets.  
 
If large droplets contain the virus, the small ones should, too. The only difference is that 
large droplets may contain more virus than small ones. Small droplets, or aerosols, can 
be airborne and could make someone sick if the person is exposed in an indoor space 
for a long time. Now other studies (Bourouiba, 2020) have also shown that droplets can 
be transported to a distance beyond two meters (six feet) and that small droplets can be 
airborne for a few seconds to a few hours, depending on the droplet size (Gupta et al., 
2012). 
 

2) Practical measures to reduce SARS-CoV-2 infection 
 
If SARS-CoV-2 virus is airborne, it would be similar to SARS virus (van Doremalen et al., 
2020). Our SARS study found that during a four-hour flight, about 20 % of passengers 
would be infected if one SARS patient is on the plane (Olsen et al., 2003) and SARS virus 
was airborne. By assuming that the patient still produced the same amount of virus and 
did not wear a mask but everyone else on the plane wore an N95 mask, our research 
showed that none of the passengers would become sick. Such a scenario is unlikely real, 
but it indicates the importance of wearing a mask. With everybody wearing a mask, social 
distancing could be reduced, although we would need more research to provide a 
concrete answer as to how much. Thus, we would recommend people wearing masks in 
all public indoor spaces, such as public transport vehicles, schools, offices, factories, 
stores, etc. 
 
Of course there are indoor spaces one can not wear a mask, such as restaurants and 
bars. It would be important to change ventilation systems or to install Plexiglas screens 
in the middle of a table or between customers. Figure 1 shows the droplet cloud that may 
contain SARS-CoV-2 virus with and without a screen in the middle of a table in a 
restaurant. The screen helps a lot in reducing the possible infection caused by droplet 
cloud coughed out by the person across the table.  
 
In addition to masks and screens, advanced ventilation systems such as personalized 
ventilation systems (You et al., 2018) and displacement ventilation (Shi et al., 2020) are 
also effective in migrating the infection risk. By using airplane cabin as an example, clean 
air could be supplied at a lower temperature than the cabin air from individual air supply 
units underneath of the seats in front row as shown Fig. 2(a) (You et al., 2018). The 
buoyancy force from a passenger’s body would generate a thermal plume that can bring 
the clean air from the lower part of the cabin to the breathing zone of the passenger. The 
contaminated air breathed out by the passenger would move to the upper part of the cabin 
due to the thermal plume and be extracted at the ceiling level. Figure 2(b) illustrates that 
the personalized ventilation system does not mix air in the cabin. Every passenger inhales 
in clean air and the contaminated air exhaled out by the passenger is removed though 
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outlets without mixing. This system can greatly reduce infection risk. Unfortunately, such 
a system has not been used by any commercial airplane manufacturers but it could be 
used in the near future to mitigate SARS-CoV-2 risk. 
 
Similar concept can be used for buildings where seats may not be fixed. For example, 
Fig. 3 shows a classroom uses displacement ventilation. Cool air is supplied from the four 
corners of the room at low air velocity. The warm bodies of the students in the room can 
generate thermal plumes that bring the clean air from the lower part of the room to the 
breathing zone. The thermal plumes will further bring the CO2 exhaled out by the students 
to the upper part of the room and eventually extracted at the ceiling outlet. The concept 
is different from mixing ventilation we normally see in buildings. The air with displacement 
ventilation does not mix so that the risk of inhaling airborne infectious disease virus from 
a neighboring student can be greatly reduced. Displacement ventilation has been used in 
buildings in the United States and we have developed a design guide for it (Chen and 
Glicksman, 2003). 
 
For an air traveler, virus transmission occurs not only in an airplane cabin but in the entire 
door-to-door process, including taking public transport from home to airport, checking in 
at an airport counter, being screened for safety, waiting in a lounge, boarding an airplane, 
deplaning, picking up checked luggage, and taking public transport to your destination. 
Social distancing is important, but it is impossible in some cases, such as in a bus, a 
subway train, or an airplane cabin. Thus, it is critical to wear a mask from door to door. 
 
Because we stay in offices, factories, schools, etc. for a long time, everyone should wear 
a mask to reduce infection risk although the SARS-CoV-2 virus concentration in indoor 
air may not be very high. Long time exposure under low virus concentration impose 
considerable risk. In addition, air-conditioning systems should run with 100 % outside air 
to prevent possible cross contamination between spaces, since outdoor air is unlikely to 
contain SARS-CoV-2 virus.  
 
This paper used an airplane, a restaurant, and a classroom to illustrate our idea, it is not 
universal. Business owners should carefully examine whether their business is vulnerable 
to the four possible infection routes of SARSCoV-2: 1) direct contact, or indirect contact 
through fomite (for example, via a cup); 2) large droplets; 3) small airborne droplets, and 
4) fecal-oral transmission. The four routes of transmission, and respective solutions, 
depend very much on business type. 
 
In conclusion, SARS-CoV-2 virus could be airborne so it is challenging to prevent one 
from infection. Wearing mask would help as it can reduce the exposure to SARSCoV-2 
virus in air. Advanced ventilation systems should also be used to further migrate the 
infection risk.  
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                                                                  (b) 
Figure 1. Transport of droplet cloud coughed out by a diner to the other diner across a 
table: (a) without a screen and (b) with a screen. 
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(c)                                                         
Fig. 2 Schematic of the personalized ventilation system: (a) air flow from the lower part to 
the ceiling level of an aircraft cabin; 
Normalized distribution of small droplets with 1 um by a passenger sit on an aisle seat. 

 
Figure 3. A classroom with displacement ventilation that does not mix air so it can 
minimize infectious disease transmission. 
 
 
 


