
One way Covid-19 can be transmitted is through the air. There are other ways, but this note is only about 
airborne virus, for which a general picture is emerging which may help in decisions about easing lockdown.1 
This picture has no bright lines that define zones of  absolute safety. “Safer” is a quality that is becoming 
available, but “safe” is not. We still know too little about the virus itself, its interactions with human bodies 
and its natural history to allow ourselves any guarantees about safety. What follows provides indications about 
good practice, not conclusions or recommendations.
The vehicles for air transport of  virus are the numerous tiny drops of  water each person exhales all the time. 
The amounts vary, larger in sneezes and coughs but still in the thousands per second of  loud speech, and in 
the hundreds even for each normal breath. The sizes vary a great deal, too. The smaller ones settle out more 
slowly but can carry much less virus. The numbers vary greatly between people and also between activities. 
One study2 estimates that one minute of  speaking generates 1000 virus-carrying drops that stay aloft for 8 
minutes or more. Take this as a representative amount for our purposes. (Coughs and sneezes are much 
bigger sources, but at least call attention to themselves and allow immediate isolation to be insisted on.) 
The challenge from this so-called “aerosol” is that its tiny particles will be carried right along with indoor 
airflows, reaching wherever the flows go.  Indoors, each breath from a contagious person adds new aerosol 
particles to the space. Some settle onto surfaces, some simply become inactive, and ventilation removes 
however many are carried into the outlet. Over a little time, removal becomes great enough to balance the 
ongoing supply,  and the room air acquires a relatively steady average concentration of  virus-bearing particles. 
Depending on details—where people and air inlets and outlets are, location of  furniture, whether people 
move about, amount of  shouting or singing, and so on—the actual concentrations inhaled by different 
workers, visitors, and other occupants may differ, but the average tells one the typical level to be dealt with.  
Putting the mentioned estimate (1000 exhaled particles per minute) together with typical workplace 
ventilation rates indicates that an occupant in a room with an infected person inhales 2-3 virus particles per 
minute in the steady state.3 Studies of  previous diseases are clear that it typically takes many more than a 
single viral particle to get past the body’s defenses and achieve infection. It is still unknown how effective 
SARS-CoV-2 virus is, but for previous coronaviruses, the number is in the hundreds, which in turn means 
exposure times of  one hour or more would give a good chance of  infection, maybe 5-10%. 
For air travel, the same approach suggests a longer allowable time—three hours or so. Yes, longer. Aircraft 
ventilation is much more active than any office or meeting space; though 50% of  cabin air is typically reused, 
it is very well filtered; air travels mostly sideways, not up and down the plane, so one is only sharing air with 
people in nearby rows. Nevertheless, an infected person is continually exhaling small amounts of  virus, which 
mixes with cabin air, so a low concentration is steadily present within a couple of  rows of  such a person.
These estimates get confirmation from several relatively well-described Covid-19 “hot spot” episodes in the 
last few months (Seattle-area choir4, Guangzhou restaurant5, Seoul call center6)—multiple cases occurring in 
air conditioning zones shared for an hour or more with an infected person, but not occurring elsewhere in 
the same large room (restaurant) or floor (call center). Some indirect support comes from household cases. 
Data gathering has been uneven but it seems that “attack rates” are high but far below 100%—perhaps 30% 
for spouses and 15-20% for all household contacts.7,8 This is quite serious, but it also shows that even 
extended close presence, with all its possibilities for transmission, can spare a good many more people than 
get infected.
There is also one well-traced aircraft episode: 15 infected passengers boarded a five-hour flight (Singapore-
Hangzhou), on which only one of  the other 320 passengers got the disease.9 The exposure time was longer 
than my guideline and the disease transmission less than my estimate, which is encouraging. One wants risk 
estimates to err on the safe side.
N95 masks do make a difference in the settings considered here: they reduce the number of  particles inhaled 
by a factor of  20, so tolerable exposure times are 20 times longer. This particularly puts air travel in quite a 
different light.10

To condense this all into a single sentence: Sharing air with a contagious person for an hour or so in a well 
ventilated office or public space (or three hours on a plane) makes infection a possibility to take seriously, 
even with ordinary masks.  
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All the links in aerosol transmission are probabilistic, and so is the result. Many will not get infected from 
extended shared air, but quite a number will. The difference between “safe” and “safer” weighs in here: there 
is no totally risk-free exposure time, so the question for users and decision-makers is what risk is acceptable.

This estimate has reassuring and concerning sides. A background reassurance is that this note only deals with 
chance of  infection from a contagious person already present in the room. The chances of  such a person 
being there are in fact small—with about 650,000 currently active cases in a US population of  330 million, 
and most active cases isolated, the proportion is well under 0.1%. Most office floors, retail outlets, lecture 
halls and so forth will have no contagious person present. Caution about shared air still makes sense, but it is 
a second line of  protection. 
The estimate itself  reassures in that brief  contacts like passing in the street or short visits to shops or offices 
are quite unlikely to infect one through the air, even if  someone in these encounters is infectious. Those who 
deal with the public can be somewhat reassured, too: if  a contagious person is present only briefly, the 
resulting aerosols will be removed by normal ventilation and not lead to long exposure time.
The estimate raises a concern, though, about most indoor work, study, entertainment and long distance travel, 
because such activities up to now have called for an hour or two (or many more) of  shared space by 
participants. In addition, confined spaces like restrooms can have elevated concentrations after use by an 
infected person until ventilation has a chance to clear them.
Moreover, aerosol exposure is not much reduced by distancing or ordinary masks in indoor, steady-state 
conditions. Face shields remain useful in settings where direct exposure to coughs or sneezes may happen but 
typical ventilation spreads aerosol particles everywhere in a space, and they are not well caught by ordinary 
masks. (N95 is a different story, as mentioned above.) Perhaps experience gained with virtual gathering during 
the lockdown will spur innovation toward briefer or differently ventilated gatherings in all the key activities 
that have been dependent on extended physical presence. For now, masks and distancing remain helpful as 
general practices, but reducing indoor exposure time needs to be a primary strategy.11 
A final reassurance—outdoors is good! No surprise, but here’s a number: a just-perceptible breeze (1 m/sec) 
moves 10-15 times more air past a single body than any conventional office ventilation, dispersing and 
diluting aerosols by that additional factor or more.12 This means opening windows and getting cross drafts 
can be a good idea, too. It is not frivolous to think that walks in the park and time on balconies may become 
more frequent occasions of  both work and play.
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