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How could a virus spread during direct interactions?



How could a virus spread in the space where an infected person has been?



about physical distancing, hand washing, and other precautions.

If we knew the answers to these questions, it might help us to better 
understand the advice we’ve been hearing,



How breath spreads out from a person

What the breath is like

How long the breath lasts in the air

How long a virus might live in the 
breath in the air

How much virus might live in the breath

How much virus is required to infect 
someone

To answer these questions we need to know about several things:



HOW BREATH SPREADS 
OUT



How does the breath – the ‘breath cloud’ – spread out from a person?

Two aspects:

Shape of ‘breath cloud’

Direction of  ‘breath cloud’



Are you talking, laughing, coughing, sneezing, covering your mouth?

These change the shape of the breath cloud.



Research Findings

Talking: Medium cloud 
(typically < 2 meters), many 
different shapes. 

Coughing and sneezing: 
Long narrow cloud (several 
meters, estimates vary).

Covering mouth when 
coughing/sneezing: small 
cloud (typically < 2 meters), 
shape and size really depend 
on how you cover your mouth.

See references 1,2,3,4,7,14, 20,21 and 22 for articles and scientific papers with more detail.



Video: Breath clouds of two people talking (second half of video)   

https://www.youtube.com/watch?v=gElHX1AIIOY

(click link below)

https://www.youtube.com/watch?v=gElHX1AIIOY


Video: Breath cloud of one person talking, coughing, covering mouth  

https://en.wikipedia.org/wiki/File:Qualitative-Real-Time-Schlieren-and-Shadowgraph-Imaging-
of-Human-Exhaled-Airflows-An-Aid-to-Aerosol-pone.0021392.s001.ogv

(click link below)

https://en.wikipedia.org/wiki/File:Qualitative-Real-Time-Schlieren-and-Shadowgraph-Imaging-of-Human-Exhaled-Airflows-An-Aid-to-Aerosol-pone.0021392.s001.ogv
https://en.wikipedia.org/wiki/File:Qualitative-Real-Time-Schlieren-and-Shadowgraph-Imaging-of-Human-Exhaled-Airflows-An-Aid-to-Aerosol-pone.0021392.s001.ogv


Video: Simulation of breath cloud created when people exercise.

(click link below)

https://www.youtube.com/watch?v=99yx2wScgJA

https://www.youtube.com/watch?v=99yx2wScgJA


WHAT THE BREATH CLOUD 
IS LIKE



What is the breath like?

Two main aspects:

Amount of spit blobs in breath

Size of spit blobs in breath



Research Findings

Talking:  size of blobs varies from 
some very small (< 5 microns) up to 
to many medium (> 50 microns) 
and a few large. 

Coughing and sneezing: Size of 
blobs varies from many very small 
(< 5 microns) to many medium and 
some very large ( > 500 microns)

BUT lots of variability in size 
and number depending on the 
person!

See references 7,8, 14, 18, 19, 20 and 21 for articles and scientific papers with more detail.



HOW LONG BREATH LASTS 
IN THE AIR



How long do the spit blobs in the cloud last in the air?

This depends on the 
size of the blobs.



Small, medium and large 
blobs (10 up to > 1000 
microns) fall to the ground 
and other surfaces 
relatively quickly (< 15 
minutes, probably).

The bigger they are, the 
faster they fall.

See references 2,7 and 8 for articles and scientific papers with more detail.



Very small blobs (< 10 
microns) stay in the air for 
longer.

Dust particles of this size 
can stay in the air for 1 or 
more hours, depending on 
conditions.

People are still researching 
how this works for spit 
blobs.

See references 2, 7, 8 and 9 for articles and scientific papers with more detail.



In a few minutes of just 
talking, a room full of 10 
people might produce:

about 7600 spit blobs of 
all different sizes, most 
of which would fall to the 
floor or other surfaces in a 
few minutes.

50 or more very small 
blobs that would float 
around for a while.

See Extra Slide 1 for the details of these calculations.



When people cough or 
sneeze the situation really 
changes.

It’s possible for a single 
sneeze to produce 
> 100 000 spit blobs.

These spit blobs are of 
many different sizes, 
including many more very 
small blobs that could float 
in the air for some time and 
more very large blobs.

See references 19, 20, 21, 22 and 23 for articles and scientific papers with more detail.



https://edhub.ama-assn.org/jn-learning/video-player/18357411

Video: Slow motion sneeze, showing spit blobs

(click link below)

https://edhub.ama-assn.org/jn-learning/video-player/18357411


VIRUS LIFE OUTSIDE OF 
THE BODY



Current estimates are 
that the COVID-19 virus 
can stay alive for a 
while in spit blobs.

3 hours or more in spit 
blobs in the air. Half 
the virus is dead 
after ~ 1.5 hours.

Up to 3 days on some 
surfaces. Amount of 
virus on surfaces also 
decreases as time 
passes.

See Extra Slide 2 for more information and reference 6 for a scientific paper with more details.



HOW MUCH VIRUS IN 
BREATH?



The size of a single COVID-19 virus is 
on the order of 0.1 microns in 
diameter.

Most spit blobs range from 5 microns 
to > 500 microns in diameter.

If the viruses could fill up the blobs, 
there might be a lot of viruses in a 
blob, but viruses don’t take up all the 
space. 

So how much virus is actually in 
spit blobs?

See references 15 and 16 for articles and scientific papers with more detail.

COVID-19 virus diagram: MSBinte altaf / CC BY-SA (https://creativecommons.org/licenses/by-sa/4.0)



How much virus?

People with influenza might have 
100 000 – 10 000 000 viruses 
per mL of infected bodily fluid.
 
COVID-19 seems to be similar.

In the case of COVID-19, a drop of 
spit the size of a typical drop of 
water (0.05 ml) might have 5000 
– 500 000 viruses in it.

See references 11 and 12 for articles and scientific papers with more detail.



How much virus?
The spit blobs that come out 
of our mouth are typically 
much much smaller than a 
full drop of water.

The largest spit blobs that 
come out of our mouth (for 
example, when we cough) 
might be 1/100th the size of a 
typical drop of water.

How many COVID-19 viruses 
could be in these spit blobs? 

See Extra Slide 3 for the details of these calculations.



How much virus?
A medium spit blob (100 
microns in diameter) from 
an infected person might 
contain none - 5 viruses.

15 000 very small spit 
blobs (5 microns in 
diameter) might contain 
none – 5 viruses.

A very large spit blob 
(1000 microns in diameter) 
might contain 500 – 5000 
viruses.

See Extra Slides 4 and 5 for the details of these calculations.



HOW MUCH VIRUS TO 
INFECT SOMEONE?



Except in very unusual 
cases, a single virus 
of a disease is not 
enough to infect 
someone.

But how many 
viruses are enough?

See reference 17 for an informal internet Q&A about single virus infection.



How much virus to infect someone?

There are many aspects involved:

Where the virus enters the body

How the virus enters the body

The condition of the person’s body

What the virus is like

Maybe other things (like temperature)



How much virus to infect someone?

We still don’t know how many 
individual viruses a specific 
person would need to be 
exposed to in order to become 
infected with COVID-19.

It depends on many individual 
things.

This is probably why we are 
getting so much conflicting 
advice about what to do! 



PUTTING THE PICTURE 
TOGETHER



Most of the virus that leaves the 
body will fall to the ground and 
other surfaces relatively quickly.

The virus will fall within several 
meters of the person.

The virus can get on people’s 
hands if they touch the 
surfaces upon which spit blobs 
have landed.

The virus might also land 
directly on someone’s mouth, 
nose and eyes.

 



A small amount of the living 
virus will come out in very small 
spit blobs when people breathe 
and talk. Many more will come 
out if they sneeze or cough.

These very small blobs can float 
around in the air with a bit of 
living virus in them for longer.

The amount of living virus in 
the very small blobs will get 
smaller and smaller over time.



In situations where there are 
many people in a space over 
time, many many spit blobs 
will be produced. 

Most of these blobs will first 
go into the air and then fall 
onto surfaces after several 
minutes.

They will remain on the 
surfaces with some living virus 
in them for some time.



Some very small spit blobs 
will also float in the air, taking 
longer to settle. 

The number of very small spit 
blobs in the air will rise over 
time. 

Some of these very small spit 
blobs will also contain a small 
amount of virus.



If 10 infected people just 
talked (no coughing) in a 
room for 30 minutes:

More than 100 000 spit blobs 
could be produced that could 
contain up to roughly 2 million 
living viruses across all blobs.

Most of these blobs would fall to 
surfaces, where the virus would 
live for a while.

A small bit of virus would float in 
the air for a while, too.

See Extra Slides 6 and 7 for the details of these calculations.



If those 10 people also 
sneezed and coughed 
sometimes, the picture 
changes a lot.

Research is ongoing, but it’s 
possible a single sneeze or 
cough might expel > 200 000 
viruses into the air, inside 
quite a bit of liquid.

Many very small spit blobs (and 
some virus) from this sneeze or 
cough would continue to float 
in the air for some time.

See Extra Slide 8 for the details of these calculations.



Would all of this be enough 
to infect the people in the 
room? Maybe not, but 
maybe. 

At the very least, you can 
see why conferences would 
be a problem!

Importantly, washing with 
soap and water can destroy 
living viruses that land on 
surfaces and get picked up 
on hands.

See references 24 and 25 for articles and scientific papers with more detail.



All of this shows why physical distance, hand washing
 and avoiding groups helps limit spread.

Read on for more detailed references.
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mentioned in [1] and [2] and [14] on the fluid dynamics of sneezing. Lots of interesting detail. This is consistent 
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Publication Date: March 2020
Title: Turbulent Gas Clouds and Respiratory Pathogen EmissionsPotential Implications for Reducing 
Transmission of COVID-19
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https://math.mit.edu/~bush/wordpress/wp-content/uploads/2016/02/Sneeze-2016.pdf
https://jamanetwork.com/journals/jama/fullarticle/2763852
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Notes: HH is hand-hygene. From the article: "Marked antiviral efficacy was noted for all 4 HH protocols, on the 
basis of culture results (14 of 14 had no culturable H1N1; P<.002) and PCR results (P<.001; cycle threshold 
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actual difference was only 1–100 virus copies/µL. There was minimal reduction in H1N1 after 60 min without HH."

Article ID: 25
Publication Date: January 2011
Title: The Effect of Handwashing with Water or Soap on Bacterial Contamination of Hands
Link: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3037063/
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found after no handwashing in 44% of samples. Handwashing with water alone reduced the presence of bacteria 
to 23% (p < 0.001). Handwashing with plain soap and water reduced the presence of bacteria to 8% (comparison 
of both handwashing arms: p < 0.001). The effect did not appear to depend on the bacteria species."

https://academic.oup.com/cid/article/48/3/285/304169
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3037063/


Extra Slide 1
Question: How many very small spit blobs would be produced by a person, on 
average, during a few minutes of talking?

Reference [7] studied people slowly counting to 100 out loud. Assumption - this would 
take a few minutes.

A person produced, on average, 760 spit blobs during this time. 

So 10 people would produce 7 600 blobs.

The same amount of talking also produced 4.28 blobs under 10 microns on average. 

To be conservative, round up to 5 very small blobs on average per person. 10 people 
would produce 50 very small blobs.

 



Extra Slide 2
Question: How long does the virus live outside of the body?

Reference [6] provides information on how long the virus lives outside the body, in an 
experimental setting.

The virus starts to die when it leaves the body, so the amount of living virus in any given 
spot (e.g. in a spit blob sitting in a surface) decreases over time.

Plastic: viable virus was found up to 72 hours. Almost all virus was gone at this point.
Stainless steel: viable was found up to 72 hours. Almost all virus was gone at this point.
Copper: viable virus not found after 4 hours.
Cardboard: viable virus not found after 24 hours.

 



Extra Slide 3
Question: How big is a very large spit blob, relative to a drop of water?

Estimates vary, but a typical drop of water is roughly 0.05 ml.

Blobs of spit in breath clouds are rarely larger than 1000 microns in diameter, based on 
reference [7].

A large spit blob of 1000 microns in diameter has a volume of 4/3 * PI * (1000/2)^3 
= 523 598 776 cubic microns.

1 ml = 10^12 cubic microns. A large spit blob =  523 598 776/10^12 = 0.0005 ml

One drop of water is 0.05 ml, so one very large spit blob is blob is 1/100th (0.0005/0.05) 
of a drop of water.

 



Extra Slide 4
Question: How many viruses are in a medium spit blob 100 microns in 
diameter?

References [11] and [12] suggest between 10^4 and 10^7 viruses/ml of infected fluid.  
Reference [12] says there’s typically 10^6 viruses/ml of infected spit blob.

1 ml = 10^12 cubic microns, so there will be 10^6 viruses/10^12 cubic microns 
= 10^-6 viruses/cubic micron.

A medium spit blob of 100 microns in diameter has a volume of 4/3 * PI * (100/2)^3 
= 523599 cubic microns.

523599 cubic microns * 10^-6 viruses/cubic micron = 0.52 viruses/medium spit blob ~= 1 
virus/medium spit blob. And since 10^6 (typical from [12]) to 10^7 (maximum in [11&12]) 
is a factor of 10, this estimate might also go up by a factor of 10 giving a maximum of 5 
viruses per medium sized blob.



Extra Slide 5
Question: How many viruses in a very small spit blob 5 microns in 
diameter?

References [11] and [12] suggests typically 10^-6 viruses/cubic micron (see Extra Slide 3 
for more detail).

A very small spit blob of 5 microns in diameter has a volume of 4/3 * PI * (5/2)^3 
= 66 cubic microns.

66 cubic microns * 10^-6 viruses/cubic micron = 66 * 10^-6 viruses/very small spit blob.

66 viruses / 1 000 000 very small spit blobs = 1 virus / 15151.5 very small spit blobs

~ 1 virus per 15 000 very small spit blobs. Or, if we consider the upper value for viral load 
in reference [12], ~ 10 virus per 15 000 very small spit blobs



Extra Slide 6
Question: How many spit blobs would be produced if 10 people talked 
in a room for 30 minutes?

According to reference [7], one person produces an average of 760 spit blobs after talking 
for a few minutes (counting out loud to 100 slowly and clearly).

10 people would produce 7 600 spit blobs in the same period of time.

If we assume that it takes 3 minutes to count out loud to 100, then these people would 
produce 76 000 spit blobs in 30 minutes. If we assume that counting out loud to 100 takes 2 
minutes, they would produce 114 000 spit blobs in 30 minutes.

So round it to an even 100 000 spit blobs.



Extra Slide 7
Question: How many viruses would be contained within the spit blobs 
produced by 10 people talked in a room for 30 minutes?

Based on extra slide 6, people would produce approximately 100 000 spit blobs in this time.

Based on reference [6], 60% (60 000) will be between  50 and 200 microns in diameter. 37% 
(37 000) will be smaller, and 3% (3 000) will be larger. 

For the sake of this rough calculation, we’ll assume that medium droplets typically have 5 
viruses in them, small droplets typically have 5 viruses in 15 000 droplets, and larger viruses 
typically have 500 viruses in them.

60 000 *  5 + (37 000 / 15 000) * 5 + 3 000 * 500 = 1 800 123 ~ 2 000 000 



Extra Slide 8
Question: How many viruses are released when someone coughs or 
sneezes?

I could find very little hard data on this exact question. It appears to be an ongoing area of 
research. 

Reference [18], a popular science article, states 200 000 000 viruses per sneeze.

Reference [7] attempted to weight the amount of liquid released during coughing, but 
encountered methodological difficulties. Nonetheless, the estimate is on the order of 10 mg.

Assuming the density of spit blobs is roughly the same as water, this would be = 10 ml of 
liquid. According to reference [12], viral load is between 10^4 and 10^7 viruses/ml.

In this case, one cough would produce between 10^5 and 10^8 viruses. We might assume, 
from [20], that sneezes would be roughly comparable. This is roughly consistent with [18].  
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