
The history of transmission of respiratory pathogens: 

from the miasma theory to the WHO paradigm shift
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Myth 1: ‘aerosols are droplets with a diameter of 5 mm or less’

Myth 2: ‘all particles larger than 5 mm fall within 1-2 m of the

source’

Myth 3: ‘if it is short range, it cannot be airborne’

Myth 4: ‘if the basic reproductive number, R0, is not as large as

for measles, then it cannot be airborne’

Myth 5a. ‘If it is airborne, surgical masks (or cloth face coverings)

will not work’

Myth 5b: ‘the virus is only 100 nm (0.1 mm) in size so filters and

masks will not work’

Myth 6: ‘unless it grows in tissue culture, it is not infectious’



9 July 2020 – https://www.who.int/news-

room/commentaries/detail/transmission-of-

sars-cov-2-implications-for-infection-

prevention-precaution

30 April 2021 – Scientific brief, WHO –

Airborne transmission is one of the modes

of transmission COVID19

23 December 2021- Airborne transmission is

an important mode of transmission -

https://www.who.int/news-room/questions-

and-answers/item/coronavirus-disease-

covid-19-how-is-it-transmitted

Airborne transmission of SARS-CoV-2 can occur during medical

procedures that generate aerosols (“aerosol generating

procedures”).(12) WHO, together with the scientific community, has

been actively discussing and evaluating whether SARS-CoV-2 may also

spread through aerosols in the absence of aerosol generating

procedures, particularly in indoor settings with poor ventilation.

Outside of medical facilities, … short-range aerosol transmission,

particularly in specific indoor locations, such as crowded and

inadequately ventilated spaces over a prolonged period of time with

infected persons cannot be ruled out. However, the detailed

investigations of these clusters suggest that droplet and fomite

transmission could also explain human-to-human transmission within

these clusters. Further, the close contact environments of these

clusters may have facilitated transmission from a small number of

cases to many other people (e.g., superspreading event), especially

if hand hygiene was not performed and masks were not used when

physical distancing was not maintained.

We know that the disease is caused by the SARS-CoV-2 virus, which

spreads between people in several different ways.

•Current evidence suggests that the virus spreads mainly between

people who are in close contact with each other, for example at a

conversational distance. The virus can spread from an infected

person’s mouth or nose in small liquid particles when they cough,

sneeze, speak, sing or breathe. Another person can then contract the

virus when infectious particles that pass through the air are inhaled

at short range (this is often called short-range aerosol or short-

range airborne transmission) or if infectious particles come into

direct contact with the eyes, nose, or mouth (droplet transmission).

•The virus can also spread in poorly ventilated and/or crowded indoor

settings, where people tend to spend longer periods of time. This is

because aerosols can remain suspended in the air or travel farther

than conversational distance (this is often called long-range aerosol

or long-range airborne transmission).

•People may also become infected when touching their eyes, nose or

mouth after touching surfaces or objects that have been contaminated

by the virus.

https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precaution
https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-covid-19-how-is-it-transmitted


… the risk of SARS-CoV-2 infection via the fomite transmission route is low, and generally less than 1 in 10,000, which means that each contact with a contaminated surface has less than a 1 in 10,000 chance

of causing an infection. 5 April 2021, https://www.cdc.gov/coronavirus/2019-ncov/more/science-and-research/surface-transmission.html

On Friday 18 September 2020 the CDC posted information on its website that for the first time said covid-19 could be

spread through “respiratory droplets or small particles, such as those in aerosols, produced when an infected person

coughs, sneezes, sings, talks, or breathes. These particles can be inhaled into the nose, mouth, airways, and lungs and cause

infection. This is thought to be the main way the virus spreads.”

It added, “There is growing evidence that droplets and airborne particles can remain suspended in the air and be breathed in

by others and travel distances beyond 6 feet (for example, during choir practice, in restaurants, or in fitness classes). In

general, indoor environments without good ventilation increase this risk.”

On Monday 21 September the CDC removed the information about aerosols and distances greater than 6 feet (1.8 m) and

replaced it with previous information that warned only about droplets and advised people to stay 6 feet apart.

Infectious exposures to respiratory fluids carrying SARS-CoV-2 occur in three principal ways (not mutually exclusive):

1.Inhalation of air carrying very small fine droplets and aerosol particles that contain infectious virus. Risk of

transmission is greatest within three to six feet of an infectious source where the concentration of these very fine

droplets and particles is greatest.

2.Deposition of virus carried in exhaled droplets and particles onto exposed mucous membranes (i.e., “splashes and

sprays”, such as being coughed on). Risk of transmission is likewise greatest close to an infectious source where the

concentration of these exhaled droplets and particles is greatest.

3.Touching mucous membranes with hands soiled by exhaled respiratory fluids containing virus or from touching

inanimate surfaces contaminated with virus.

https://www.cdc.gov/coronavirus/2019-ncov/more/science-and-research/surface-transmission.html
https://www.cdc.gov/coronavirus/2019-ncov/more/science-and-research/surface-transmission.html






Airborne transmission of SARS-CoV-1

Why were papers like this forgotten?

The main reason is that because they

were based on retrospective cases, they

were published some time after the end

of the epidemic.
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• For most of human history, the dominant paradigm was that many

diseases were carried by the air, often over long distances and in a

phantasmagorical way. This miasmatic paradigm was challenged in the

mid to late 19th century with the rise of germ theory, and as

diseases such as cholera, puerperal fever, and malaria were found

to actually transmit in other ways.

• Motivated by his views on the importance of contact/droplet

infection, and the resistance he encountered from the remaining

influence of miasma theory, prominent public health official Charles

Chapin in 1910 helped initiate a successful paradigm shift, deeming

airborne transmission most unlikely. This new paradigm became

dominant.
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• The lack of understanding of aerosols led to systematic errors in the interpretation of research evidence on
transmission pathways. For the first five decades, airborne transmission was considered of negligible or minor
importance for all major respiratory diseases, until a demonstration of airborne transmission of tuberculosis
(which had been mistakenly thought to be transmitted by droplets) in 1962.

• The contact/droplet paradigm remained dominant, and only a few diseases were widely accepted as airborne
before COVID-19: those that were clearly transmitted to people not in the same room. The acceleration of
interdisciplinary research inspired by the COVID-19 pandemic has shown that airborne transmission is a major
mode of transmission for this disease, and is likely to be significant for many respiratory infectious diseases.
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During the infectious stage of the disease, an infected person can generate particles containing

the pathogen, along with water, and respiratory secretions. Such particles are here described

as ‘infectious respiratory particles’.

These infectious particles are then carried by expired airflow, exit the infectious person’s

mouth and/or nose when they breathe, talk, sing, spit, cough or sneeze and are released into

the surrounding air.

The IRPs exist in a wide range of sizes (from sub-microns to millimetres in diameter) and travel

in the air in a turbulent puff cloud (exhaled mixture of gases from the lungs and respiratory

particles). The IRPs are carried by the puff cloud and remain concentrated until the cloud

reduces sufficiently in momentum to enable the IRP dispersal by the background indoor air

turbulence.
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After IRPs are emitted from an infectious person, they progressively diminish in infectivity over a time frame specific to the

pathogen. The modes in which viable IRPs then travel to, enter, and can potentially infect another individual can broadly be

described as occurring in the following three ways:

i) Airborne transmission/ inhalation: Occurs when IRPs expelled into the air as described above and enter, through inhalation, the

respiratory tract of another person. This form of transmission can occur when the IRPs have travelled either short or long

distances from the infectious person. The portal of entry of an IRP with respiratory tract tissue during airborne transmission can

theoretically occur at any point along the human respiratory tract, but preferred sites of entry may be pathogen-specific. It should

be noted that the distance traveled depends on multiple factors including pathogen, particle size, mode of expulsion and

environmental conditions (such as setting, ventilation, etc.).

ii) Direct deposition: Occurs when IRPs expelled into the air following a short-range semi-ballistic trajectory, then directly

deposited on the exposed facial mucosal surfaces (mouth, nose or eyes) of another person, thus, enter the human respiratory tract

via these portals and potentially cause infection.

iii) Contact transmission (added for completeness): Contaminated surfaces are created when IRPs expelled into the air are settled on

a surface, or when an infected person transfers infectious respiratory secretions by touching their own mouth, nose or eyes and

then the surface or shaking hands. Infectious pathogens on the contaminated surfaces are then transferred to another person who

touches that contaminated surface and then their own mouth, nose or eyes. This is commonly known as indirect contact

transmission. In addition, direct contact transmission can occur when an infectious person directly transfers infectious pathogens

from their own respiratory tract, not via IRPs, to another person by being in direct contact with that person (e.g. via a handshake),

who then directly transfers the IRPs into their own mouth, nose or eyes. Other preferred labels for this mode of transmission are

indirect and direct deposition. This form of transmission does not directly involve the transmission of pathogens to humans

through the air, so is not considered part of the ‘through the air’ descriptors covered by this document, but is included for

completeness.
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Source: Developed by A. Mana and L. Bourouiba, adapted from LC, Tang JW (2021); Bourouiba L (2016,2020,2021).
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