The history of transmission of respiratory pathogens:
from the miasma theory to the WHO paradigm shift
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DEATH TOLL
[HIGHEST TO LOWEST]

200M

Black Death (Bubonic Plague)
1347-1351

The plague criginated
in rats and spread to
humans via infected fleas.

The outbreak wiped

out 30-50% of Europe's

population, It took more than

200 years for the continent’s
| population to recover.
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1817.1923 735.737 1700

56M
Smallpox 40-50M
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Spanish Flu
1818-1918

Smallpox killed an estimated 90% of
Native Americans. In Europe during the
1800s, an estimated 400,000 people
were being killed by smallpox annually.
The first ever vaccine was created to
ward off smallpox.
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17th Century Asian Flu
Great Plagues 19571958
1600
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Yellow Fever Ebola

LATE 1800s 2014-20186

30-50M
Plague of Justinian

541-542

The death toll of this plague
is still under debate as new
evidence Is uncovered, but
many think it may have
helped hasten the fall of
the Roman Empire.
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Bacillus

Coronavirus Bacteria

Source: https://abcdust.net

Red blood cell

influenza SARS-CoV-2
0.1 pum 0.12 um

rhinovirus adenovirus

0.03 pm 0.1 um
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World Health Organization. Infection prevention and control of epidemic
and pandemic prone acute respiratory infections in health care, 2014.
Online at:
https://www.who.int/publications/i/item/infection-prevention-and-
control-of-epidemic-and-pandemic-prone-acute-respiratory-infections-
in-health-care

PANDEMIC AND
EPIDEMIC DISEASES

Infection prevention and
control of epidemic- and
pandemic-prone acute
respiratory infections

in health care

WHO Guidelines




Droplet transmission

The spread of an infectious agent caused by the dissemination of droplets. Droplets are
primarily generated from an infected (source) person during coughing, sneezing and talking.
Transmission occurs when these droplets that contain microorganisms are propelled (usually
< 1 m) through the air and deposited on the conjunctivae, mouth, nasal, throat or pharynx
mucosa of another person. Most of the volume (>99%) comprises large droplets that travel
short distances (< 1 m) and do not remain suspended in the air. Thus, special air handling
and ventilation are not required to prevent droplet transmission (5).

Infectious respiratory aerosols

Respiratory aerosols that contain infectious particles. Aerosol size is determined by the force
and pressure involved in the generation of the particles. The final size depends on the nature
of the fluid containing the organisms, the force and pressure at emission, the initial size of
the aerosol, environmental conditions (e.g. temperature, relative humidity and airflow), the
time spent airborne, and the size of the organisms within a droplet. The distance travelled
and the length of time particles remain suspended in the air is determined by the types of
organism, particle size, settling velocity, relative humidity and airflow. Large particles
typically remain suspended in the air for a limited period of time and settle within 1 m

(3 feet) of the source. Smaller particles evaporate quickly; the resulting dried residues settle
from the air slowly, and remain suspended in the air for variable lengths of time. The
definitions and classification of the different types of infectious respiratory aerosols are
evolving, and the implications for IPC measures are not yet clear. However, for the purpose
of this document, infectious respiratory aerosols are classified into:

*  droplets —respiratory aerosols > 5 um in diameter; and

*  droplet nuclei — the residue of dried respiratory aerosols (<5 um in diameter) that
results from evaporation of droplets coughed or sneezed into the atmosphere or by
aerosolization of infective material.



1 April 2020

Dr. Tedros Adhanom Ghebreyesus
Director General

World Health Organization
Avenue Appia 20

1211 Geneva, Switzerland

Dear Dr. Tedros Adhanom Ghebreyesus,

We, scientists from around the world, who have worked for many years on the characteristics
and mechanisms behind the transport of droplets expired by humans, and on airflow patterns
in buildings, appeal to you to recognize the significance of the airborne spread of
SARS-CoV-2 (COVID-19) and advocate for preventive measures to mitigate this.

The current advice from the WHO is to wash your hands and maintain a social distance of
about 1.0 m. However, these measures do not adequately protect the population from the
small virus-carrying particles exhaled by infected people, and inhaled by others who share the
same not-well-ventilated environments. These particles can travel tens of meters and remain
airborne for prolonged periods.

Health care wnrkere are amono thnge whn hest adhere ta the recommendatinng and are well



FACT CHECK: COVID-19is NOT airborne

| The virus that causes COVID-19 is mainly transmitted through droplets
| generated when an infected person coughs, sneezes, or speaks. These

droplets are too heavy to hang in the air. They quickly fall on floors
or surfaces.

You can be infected by breathing in the virus if you are within 1 metre of a
person who has COVID-19, or by touching a contaminated surface and then =

touching your eyes, nose or mouth before washing your hands.

________
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239 Experts With One Big Claim: The

Coronavirus Is Airborne

The W.H.O. has resisted mounting evidence that viral particles
floating indoors are infectious, some scientists say. | he agency

maintains the research is still inconclusive.
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Available online at www.sciencedirect.com
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Review

Dismantling myths on the airborne transmission of

severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2)

J.W. Tang?, W.P. Bahnfleth®, P.M. Bluyssen, G. Buonanno“, J.L. Jimenez ¢,
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A.K. Melikov', W.W. Nazaroff ™, P.V. Nielsen ", R. Tellier °, P. Wargocki ',
S.J. Dancer” %~



Differences between clinicians, aerosol scientists and the general public in understanding of airborne terminology

Term Clinicians Aerosol scientists General public
Airborne Long-distance transmission, Anything in the air Anything in the air
such as measles; requires an
N95/FFP2/FFP3 respirator (or
equivalent) for infection
control
Aerosol Particle <5 um that mediates Collection of solid or Hair spray and other
airborne transmission; liquid particles of any personal/cleaning
produced during aerosol- size suspended in a gas products
generating procedures and also
requires an N95 respirator
Droplet Particle >5 um that falls rapidly Liquid particle What comes out of an

Droplet nuclei

Particle

to the ground within a distance
of 1—2 m from source; requires
a surgical mask for infection
control

Residue of a droplet that has
evaporated to <5 um;
synonymous with “aerosol’

Virion

A related term, ‘cloud
condensation nuclei’,
refers to small particles
on to which water
condenses to form cloud
droplets

Tiny solid or liquid "blob’
in the air

eyedropper

Never heard of!

Like soot or ash




Myth 1. "aerosols are droplets with a diameter of 5 um or less’

Myth 2: ‘all particles larger than 5 um 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, RO, is not as large as
for measles, then it cannof 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 um) 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 1mportant 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 1in 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 wused 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 1is
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 wvirus.


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
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News
Covid-19: CDC publishes then withdraws information on aerosol transmission

BMJ 2020 ;370 doi: https://doi.org/10.1136/bmj.m3739 (Published 24 September 2020)
Cite this as: BM/ 2020;370:m3739

On Friday 18 September 2020 the COC posted information on its website that for the first time said covid-13 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.”

|t 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 B 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 COC removed the information about aerosols and distances greater than b feet (1.8 m) and
replaced it with previous information that warned only about droplets and advised people to stay B feet apart.

.. the risk of SARS-CoV-2 infection via the fomite transmission route is low, and generally less than | in 10,000, which means that each contact with a contaminated surface has less than a | in 10,000 chance
of causing an infection. 3 April 2021, https://www.cdc.qov/coronavirus/2 013-ncov/more/science-and-research/surface-transmission.himl

Scientific Brief: SARS-CoV-2 Transmission

Updated May 7, 2021 Languages > Print

Summary of recent changes

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

Coronavirus Disease 2019 and Airborne Transmission:
Science Rejected, Lives Lost. Can Society Do Better?

Lidia Morawska,' William Bahnfleth,” Philomena M. Bluyssen,’ Atze Boerstra,” Giorgio Buonanno,’ Stephanie J. Dancer,® Andres Floto,”

Francesco Franchimon,® Charles Haworth,® Jaap Hogeling,' Christina Isaxon,'"® Jose L. Jimenez,'? Jarek Kurnitski,"”* Yuguo Li,'* Marcel Loomans,"
Guy Marks,'® Linsey C. Marr,"” Livio Mazzarella,'® Arsen Krikor Melikov," Shelly Miller,”” Donald K. Milton,?' William Nazaroff,” Peter V. Nielsen,”
Catherine Noakes,?* Jordan Peccia,”®” Xavier Querol,”® Chandra Sekhar,”” Olli Seppianen,”® Shin-ichi Tanabe,”® Raymond Tellier,>® Tham Kwok Wai,?
Pawel Wargocki,® and Aneta Wierzhicka®'

7

This is an account that should be heard of an important struggle: the struggle of a large group of experts who came together at the
beginning of the COVID-19 pandemic to warn the world about the risk of airborne transmission and the consequences of ignoring
it. We alerted the World Health Organization about the potential significance of the airborne transmission of SARS-CoV-2 and the
urgent need to control it, but our concerns were dismissed. Here we describe how this happened and the consequences. We hope
that by reporting this story we can raise awareness of the importance of interdisciplinary collaboration and the need to be open to
new evidence, and to prevent it from happening again. Acknowledgement of an issue, and the emergence of new evidence related to
it, is the first necessary step towards finding effective mitigation solutions.
Keywords. airborne transmission; airborne infection spread; coronavirus; COVID-19; SARS-CoV-2 virus.




[t is a tragic situation for our society that scientific fact is not
timely adopted in public health decision making. We recognize
that, when setting policy, decision-makers must weigh numer-
ous considerations: scientific, economic, social, ethical, and
others. However, science must not be sidelined in the process,
which unfortunately is the case in many other decisions critical
to the well-being of our society. We believe that, as a society,
we can and should do much better and we recommend how
to do it.



Airborne fransmission of SARS-CoV-1

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Evidence of Airborne Transmission
of the Severe Acute Respiratory Syndrome Virus
Ignatius T.S. Yu, M.B., B.S., M.P.H., Yuguo Li, Ph.D., Tze Wai Wong, M.B., B.S,,

Wilson Tam, M.Phil., Andy T. Chan, Ph.D., Joseph HW. Lee, Ph.D.,
Dennis Y.C. Leung, Ph.D., and Tommy Ho, B.Sc.

ABSTRACT

BACKGROUND

There is uncertainty about the mode of transmission of the severe acute respiratory syn-
drome (SARS) virus. We analyzed the temporal and spatal distributions of cases in a

large community outbreak of SARS in Hong Kong and examined the correlaton of these

data with the three-dimensional spread of a virus-laden aerosol plume that was modeled
using studies of airflow dynamics.

CONCLUSIONS

Airborne spread of the virus appears to explain this large community outbreak of SARS,
and future efforts at prevention and control must take into consideration the potential
for airborne spread of this virus.

Why were papers like this forgotten?

The main reason is that because they
were based on refrospective cases, they
were published some fime after the end
of the epidemic.
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What were the historical reasons for the resistance to
recognizing airborne transmission during the COVID-19
pandemic?

PREVENTIVES

CHOLERA!
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BE TEMPERATE IN EATING & DRINKING!
wIroid Raw Vegetables and Unripe Fruit !
Abstain from COLD WATER, when heat
ed, and above all from Jirdent rits,
and if habit have rendered them indispens-
able, take much less
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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/droplef
iInfection, 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 fransmission 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.



William Wells

(1887-1963)
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First children's TB sanatorium in Turkey during the Ottoman
times (1898) and from the Republic era in Turkey in 1950s.
Note how the children are put in the balcony in beds
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Science

INFECTIOUS DISEASE

A paradigm shift to combat
indoor respiratory infection

Building ventilation systems must get much better

By Lidia Morawska, Joseph Allen, William Bahnfleth, Philomena M. Bluyssen, Atze Boerstra,
Giorgio Buonanno, Junji Cao, Stephanie J. Dancer, Andres Floto, Francesco Franchimon, Trisha
Greenhalgh, Charles Haworth, Jaap Hogeling, Christina Isaxon, Jose L. Jimenez, Jarek Kurnitski,
Yuguo Li, Marcel Loomans, Guy Marks, Linsey C. Marr, Livio Mazzarella, Arsen Krikor Melikov,
Shelly Miller, Donald K. Milton, William Nazaroff, Peter V. Nielsen, Catherine Noakes, Jordan
Peccia, Kim Prather, Xavier Querol, Chandra Sekhar, Olli Seppanen, Shin-ichi Tanabe, Julian W.
Tang, Raymond Tellier, Kwok Wai Tham, Pawel Wargocki, Aneta Wierzbicka, Maosheng Yao



Flexible ventilation systems, dependent on the building’s purpose

Ventilation airflow rates must be controlled by the number of occupants in the space and their activity.

Design occupancy Demand controlled
Ventilation is set for Ventilation is adjusted according
maximum occupancy. to the number of occupants and their
activities to save energy.
415 =L

T.-E ) ZE#

\ y,
Improved air distribution Personalized ventilation
Different system designs can decrease exposure Clean air is supplied where needed to further
and save energy. reduce exposure and energy use.
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The COVID-19 pandemic has revealed
how unprepared the world was to respond
to 1t, despite the knowledge gained from
past pandemics. A paradigm shift 1s needed
on the scale that occurred when Chadwick’s
Sanitary Report in 1842 led the British gov-
ernment to encourage citles to organize
clean water supplies and centralized sewage
systems. In the 21st century, we need to es-
tablish the foundations to ensure that the air
In our buildings 1s clean with a substantially
reduced pathogen count, contributing to the
building occupants’ health, just as we expect
for the water coming out of our taps.



Global technical consultation report
on proposed terminology
for pathogens that transmit

through the air

) World Health
-2 Organization




ARIA (DEMO)

Airborne Risk Indoor Assessment

Airborne Risk Indoor Assessment

in the context of SARS-CoV-2 A Home [ 4% Inhalation mechanism | Systematic review results
\ )

Method and application
o Context - Geographical location and date

The location and time enable to estimate outdoor
temperature and humidity which can affect the
natural indoor ventilation.

Context - Geographical location and
date

Please provide the date and location of the event/activity

1. Emission rate

If these information are not available, Geneva specific data will be used

Date
09/11/2022 [}

Location
Country
No country selected 24 3. Exposure (concentration)
City
No city selected v

P € don'tkno Next >

4. Cumulative (absorbed) dose

- S “ -
. % O Senm=? 5. Probability of infection
¥ . ) ) (L. transmissionisk profie)
e <
< N 2
e . /)
e v. -
. .
= e y o
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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 parficles 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 info
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.



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 fravel to, enter, and can potenfially infect another individual can broadly be
described as occurringin the following three ways:

i) Airborne transmission/ inhalation: Occurs when IRPs expelled into the air as described above and enter, through inhalation, the
respiratory fract of another person. This form of transmission can occur when the IRPs have fravelled either short or long
distances from the infectious person. The portal of enfry of an IRP with respiratory fract tissue during airborne transmission can
theoretically occur at any point along the human respiratory ftract, but preferred sites of entry may be pathogen-specific. It should
be noted that the distance fraveled depends on multiple factors including pathogen, particle size, mode of expulsion and
environmental conditions (such as setting, ventilation, etc.).

i) 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 potfentially cause infection.

iii) Contact transmission (added for completeness): Contaminated surfaces are created when IRPs expelled info the air are setftled 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 /ndirect contact
transmission. In addition, direct contact fransmission 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 fransmission are
indirect and direct deposition. This form of fransmission does nof directly involve the ftransmission 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.



Mode of Typical Route of transfer to Respiratory tract | Respiratory Schematic depiction
transmission distance from another human entry mechanism | tract entry

the source portal
THROUGH THE AIR
Airborne Any distance Through the air Inhalation Anywhere
transmission/ (suspended in air or along the
inhalation moving via air flows) respiratory

tract

Direct deposition

Short

Through the air (semi-
ballistic trajectory)

Deposition on
the mucosa

CONTACT*

indirect contact

Any distance

Not through the air,
although IRPs may reach
an intermediate object
through the air

Indirect transfer
(via touching on
intermediate
object)

Direct contact

Short

Not through the air

Direct transfer
(via touch,
usually with
hands)

eyes™

* Note that the mucosa of the eyes are not part of the human respiratory tract but are a portal of entry to the respiratory system

¥ Note that this mode of transmission to another human does not involve a ‘through the air’ route but is included here for completeness
Depictions above assume the human(s) on the left is/are the infectious person(s) and the human on the right is the recipient of the IRP



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