iiiiiiii
llllllll
llllllll

Global technical consultation report
on proposed terminology

for pathogens that transmit
through the air

V@\‘) World Health
&3 Organization

INQ000492325_0001



INQ000492325_0002



Global technical consultation report
on proposed terminology

for pathogens that transmit
through the air

;;;\\ World Health

&Y Organization

INQ000492325_0003



Global technical consultation report on proposed terminclogy for pathogens that transmit through the air

ISBN 978-92-4-008918-1 (electronic version)
ISBN 978-92-4-008919-8 (print version)

© World Health Organization 2024

Some rights reserved. This work is available under the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 1GO licence
(CCBY-NC-SA 3.01GO; https://creativecommons.org/licenses/by-nc-sa/3.0/igo).

Under the terms of this licence, you may copy, redistribute and adapt the work for non-commercial purposes, provided the

work is appropriately cited, as indicated below. In any use of this work, there should be no suggestion that WHO endorses any
specific organization, products or services. The use of the WHO logo is not permitted. If you adapt the work, then you must license
your work under the same or equivalent Creative Commons licence. If you create a translation of this work, you should add

the following disclaimer along with the suggested citation: “This translation was not created by the World Health Organization
(WHO). WHO is not responsible for the content or accuracy of this translation. The original English edition shall be the binding and
authentic edition”

Any mediation relating to disputes arising under the licence shall be conducted in accordance with the mediation rules of the
World Intellectual Property Organization (http://www.wipo.nt/amc/en/mediation/rules/).

Suggested citation. Global technical consultation report on proposed terminology for pathogens that transmit through the air.
Geneva: World Health Organization; 2024. Licence: CC BY-NC-SA 3.0 1GO.

Cataloguing-in-Publication (CIP) data. CIP data are available at https://iris.who.nt/.

Sales, rights and licensing. To purchase WHO publications, see https://www.who.nt/publications/book-orders. To submit
requests for commercial use and queries on rights and licensing, see https://www.who.int/copyright.

Third-party materials. If you wish to reuse material from this work that is attributed to a third party, such as tables, figures

or images, it is your responsibility to determine whether permission is needed for that reuse and to obtain permission from the
copyright holder. The risk of claims resulting from infringement of any third-party-owned component in the work rests solely with
the user.

General disclaimers. The designations employed and the presentation of the material in this publication do notimply the
expression of any opinion whatsoever on the part of WHO concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate
border lines for which there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they are endorsed or recommended
by WHO in preference to others of a similar nature that are not mentioned. Errors and omissions excepted, the names of
proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by WHO to verify the information contained in this publication. However, the
published material is being distributed without warranty of any kind, either expressed or implied. The responsibility for the
interpretation and use of the material lies with the reader. In no event shall WHO be liable for damages arising from its use.

Design and layout by Sophie Guetaneh Aguettant.

INQ000492325_0004



Statement of support

This report is the result of an extensive collaborative effort and reflects shared agreement of the terminology between WHO
and the esteemed four public health agencies:

- Africa Centres for Disease Control and Prevention;
- Chinese Center for Disease Control and Prevention;
- Furopean Centre for Disease Prevention and Control;

- United States Centers for Disease Control and Prevention;

This agreement underlines our collective commitment to moving forward together inimplementing these statements.

INQO000492325_0005



INQ000492325_0006



Abbreviations

Acknowledgements

Technical Consultation Group

Chairs:

Members
WHO Secretariat

Other external experts
Other WHO technical departments

Financial contributors

Executive summary

1. Introduction

2. Objectives, aim and scope

3. Methods and processes

4. Outcomes

4.1
4.2
43
4.4

4.5
46

Modes of transmission
The term ‘through the air transmission’
Exposure and its relationship to infection

Some factors affecting ‘through the air’ transmission of
IRPs and infection risk

Immediate practical implications

Key research gaps and next steps

5. Conclusions

References

Annexes

Annex 1. Governance structure

Annex 2. Steps in the technical consultation process

Annex 3. Two processes undertaken for the consultation process

Annex 4. Details, affiliations, expertise and roles of participants

Annex 5. Summary of discussions

Areas of overall general agreement

Areas of non-consensus and concern regarding consequences

Contents

INQ000492325_0007



INQ000492325_0008



Abbreviations

Africa CDC
CDC

COVID-19
IPC

IRP

MERS
PHEIC
PHSM

PPE
SARS-CoV-1
SARS-CoV-2
TB

TCG

TTAT

WG

Abbreviations

Description

Africa Centres for Disease Control and Prevention

Centers for Disease Control and Prevention,
United States of America

Coronavirus Disease 2019

Infection Prevention and Control

Infectious Respiratory Particle

Middle East respiratory syndrome

Public Health Emergency of International Concern
Public Health and Social Measures

Personal Protective Equipment

Severe Acute Respiratory Syndrome Coronavirus 1
Severe Acute Respiratory Syndrome Coronavirus 2
Tuberculosis

Technical Consultation Group

Through the air transmission

Working Group

INQ000492325_0009



INQ000492325_0010



Acknowledgements

The World Health Organization (WHO) would like to thank the many individuals who contrib-
uted to the development of this document. This document was developed in consultation with
the Technical Consultation Group on ‘through the air transmission’ (TTAT).

Technical Consultation Group

The Technical Consultation Group on TTAT (November 2021 to present) included represent-
atives from invited public health agencies (Africa Centres for Disease Control and Prevention,
Chinese Center for Disease Control and Prevention, European Centre for Disease Prevention
and Control, and the United States Centers for Disease Control and Prevention) and others who
were engaged in their personal capacity as experts in areas relevant to the consultation topic,
as listed below.

Chairs

Gagandeep Kang (Christian Medical College, Vellore, India) and Yuguo Li (The University of
Hong Kong, Hong Kong SAR, China).

Members

Yewande Alimi (Africa Centres for Disease Control and Prevention, Addis Abba, Ethiopia),
Yaseen Arabi (King Saud Bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia),
Julie Bennett (University of Otago, Wellington, New Zealand), Abdullah Assiri (Ministry of
Health, Riyadh, Saudi Arabia), Gautam Bhan (Indian Institute for Human Settlements, Ben-
galuru, India), Arnab Bhattacharya (Tata Institute of Fundamental Research, Mumbai, India),
Gabriel Birgand (Nantes University Hospital, Nantes, France), Lydia Bourouiba (Massachu-
setts Institute of Technology, Cambridge, USA), Giorgio Buonanno (University of Cassino and
Southern Lazio, Cassino, Italy), Cheryl Cohen (Centre for Respiratory Disease and Meningitis,
National Institute for Communicable Diseases, South Africa), Benjamin Cowling (School of
Public Health, The University of Hong Kong, Hong Kong SAR, China), David SC Hui (Stan-
ley Ho Centre for Emerging Infectious Diseases, The Chinese University of Hong Kong, Hong
Kong SAR, China), Michael Klompas (Harvard Medical School, Boston, USA), Nancy Leung
(Faculty of Medicine, The University of Hong Kong, Hong Kong SAR, China), Li Liu (Tsinghua
University, Beijing, China), Taronna Maines (the United States Centers for Disease Control and

vii

INQ000492325_0011



Global technical consultation report on proposed terminology for pathogens that transmit through the air

Prevention, Atlanta, USA), Linsey Marr (Virginia Tech, Blacksburg, USA), Donald Milton (Uni-
versity of Maryland School of Public Health, Maryland, USA), Lidia Morawska (Queensland
University of Technology, Brisbane, Australia), Shiva Nagendra (Indian Institute of Technology,
Madras, India), Edward Nardell (Harvard Medical School, Boston, USA), Isabel Ochoa (Min-
istry of Health, Lima, Peru), Jon Otter (Imperial College London, London, United Kingdom),
Malik Peiris (School of Public Health, The University of Hong Kong, Hong Kong SAR, China),
Diamantis Plachouras (European Centre for Disease Prevention and Control , Solna, Sweden),
Kevin Poggenpoel (South Africa Federation of Healthcare Engineering, Western Cape, South
Africa), Hua Qian (Southeast University, Nanjing, China), Jacqui Reilly (Glasgow Caledonian
University, Glasgow, United Kingdom), Chad Roy (National Primate Center, Tulane University,
New Orleans, USA), Shin-ichi Tanabe (Waseda University, Tokyo, Japan), Julian W. Tang (Uni-
versity Hospitals of Leicester NHS Trust, Leicester Royal Infirmary, Leicester, United Kingdom),
Raymond Tellier (McGill University, Montreal, Canada), Kwok Wai Tham (National Univer-
sity of Singapore, Singapore), Richard Webby (St Jude Children’s Research Hospital, Memphis,
USA), Dongqun Xu (National Institute of Environmental Health, Chinese Center for Disease
Control and Prevention, Beijing, China), U Yanagi (Kogakuin University, Tokyo, Japan), Hui-
Ling Yen (School of Public Health, The University of Hong Kong, Hong Kong SAR, China),
Kwok-Yung Yuen (Department of Microbiology, The University of Hong Kong, Hong Kong
SAR, China), Walter Zingg (Zurich University Hospital, Zurich, Switzerland).

WHO Secretariat

Lisa Askie, Thidar Pyone, Fatima Serhan (Science Division), Maria van Kerkhove (Health
Emergencies Programme), under the leadership of Jeremy Farrar (Science Division) (May 2023
onwards) (Soumya Swaminathan: Nov 2021 to Nov 2022).

Other external experts

We are grateful to Karen Grimmer (Stellenbosch University, Cape Town, South Africa) who
undertook a living rapid review of evidence related to the transmission of SAR-CoV-2 through
the air, as part of the WHO Rapid Review Group.

Acknowledgements go to the following additional external experts, who provided com-
ments on different versions of the consultation report and/or attended some consultation meet-
ings upon invitation (In alphabetical order of last name): Jameela Alsalman (Arabian Gulf
University, King Hamad American Mission Hospital, Kingdom of Bahrain), Michael Bell (the
United States Centers for Disease Control and Prevention, Atlanta, USA), Eeva Broberg (Euro-
pean Centre for Disease Prevention and Control, Solna, Sweden), Colin Brown (United King-
dom Health Security Agency, London, United Kingdom), Yehuda Carmeli (Tel Aviv Medical
Centre, Israel), John Conly (IPC Foothills Medical Centre at Alberta Health Services, Alberta,
Canada), Barry Cookson (University College London, London, United Kingdom), Nizam
Damani (Public Health Agency, Northern Ireland, United Kingdom), Carole Fry (United King-
dom Health Security Agency, London, United Kingdom), Joost Hopman (Radboud University
Medical Centre, Netherlands (Kingdom of the)), Paul Hunter (University of East Anglia, East
Anglia, United Kingdom), Mohammad Mushtuq Husain (Institute of Epidemiology, Disease
Control & Research (IEDCR), Dhaka, Bangladesh), Kushlani Jayatilleke (Sri Jayewardenepura
General Hospital, Nugegoda, Sri Lanka), Devin Jopp (Association for Professionals in Infection
Control and Epidemiology, USA), Souha Kanj (American University of Beirut Medical Center,
Beirut, Lebanon), Annette Kraus (European Centre for Disease Prevention and Control, Solna,
Sweden), Daniele Lantagne (Tufts University, USA), Fernanda Lessa (the United States Centers

viii

INQ000492325_0012



Acknowledgments

for Disease Control and Prevention, Atlanta, USA), Moi Lin Ling (Singapore General Hospi-
tal, Singapore), Kalisvar Marimuthu (National Centre for Infectious Diseases, NCID & Tan
Tock Seng Hospital, Singapore), Geeta Mehta (Lady Hardinge Medical College and Associated
Hospitals, New Delhi, India), Shaheen Mehtar (University of Stellenbosch, Infection Control
Africa Network, Western Cape, South Africa), Ajibola Omokanye (European Centre for Dis-
ease Prevention and Control, Solna, Sweden), Mauro Orsini (Ministry of Health, Chile), Marie
De Perio (the United States Centers for Disease Control and Prevention, Atlanta, USA), Nicola
Petrosillo (Fondazione Policlinico Universitario Campus Bio-Medico, Rome, Italy), Maximil-
ian Riess (European Centre for Disease Prevention and Control, Solna, Sweden), Mark Sobsey
(University of North Carolina, USA), Paul Anantharajah Tambyah (National University of Sin-
gapore, Singapore), Deborah Yokoe (University of California San Francisco, San Francisco,
USA), End TB Transmission Initiative, the TB and Airborne IPC Working Group of Stop TB
Partnership, and others who provided input via general feedback mechanisms arranged by the
many key stakeholder groups.

Other WHO technical departments

The following WHO departments provided inputs to the consultation (In alphabetical order
of last name): Benedetta Allegranzi (Infection Prevention and Control), April Baller (Infection
Prevention and Control), Sylvie Briand (Epidemic & Pandemic Preparedness and Prevention),
Natasha Crowcroft (Immunization, Vaccines and Biologicals), Miranda Deeves (Integrated
Health Services), Janet Diaz (Health Care Readiness), Rudi Eggers (Integrated Health Services),
Nedret Emiroglu (Country Readiness Strengthening), Dennis Falzon (Global Tuberculosis Pro-
gramme), Daniel Feikin (Universal Health Coverage), Luca Fontana (Strategic Health Opera-
tions), Nathan Paul Ford (Global HIV, Hepatitis and STIs Programmes), Ana Lorena Guerrero
Torres (Alliance for Health Policy and Systems Research), Aspen Hammond (Global Influenza
Programme), Iman Heweidy (Antimicrobial Resistance and Infection control, WHO Regional
Office for the Eastern Mediterranean), Teresa Kasaeva (Global Tuberculosis Programme), Mad-
ison Moon (Health Care Readiness), Maria Purificacion Neira (Environment, Climate Change
and Health), Kate O'Brien (Immunization, Vaccines and Biologicals), Ana Paula Coutinho Rehs
(Infectious Hazard Management, WHO Regional Office for Europe), Magdi Samaan (Global
Influenza Programme), Alice Simniceanu (Emerging Diseases & Zoonoses), Victoria Willet
(Health Care Readiness), Wenqing Zhang (Global Influenza Programme), Matteo Zignol
(Global Tuberculosis Programme).

Financial contributors

All donors who supported the COVID-19 response enabled this work to be undertaken.

INQ000492325_0013



INQ000492325_0014



Executive summary

Terminology used to describe the transmission of pathogens through the air varies across scien-
tific disciplines, organizations and the general public. While this has been the case for decades,
during the coronavirus disease (COVID-19) pandemic, the terms ‘airborne’, ‘airborne trans-
mission’ and ‘aerosol transmission’ were used in different ways by stakeholders in different sci-
entific disciplines, which may have contributed to misleading information and confusion about
how pathogens are transmitted in human populations.

This global technical consultation report brings together viewpoints from experts spanning
a range of disciplines with the key objective of seeking consensus regarding the terminology
used to describe the transmission of pathogens through the air that can potentially cause infec-
tion in humans.

This consultation aimed to identify terminology that could be understood and accepted by
different technical disciplines. The agreed process was to develop a consensus document that
could be endorsed by global agencies and entities. Despite the complex discussions and chal-
lenges, significant progress was made during the consultation process, particularly the consen-
sus on a set of descriptors to describe how pathogens are transmitted through the air and the
related modes of transmission. WHO recognizes the important areas where consensus was not
achieved and will continue to address these areas in follow-up consultations.

The scope of what type of pathogens were covered in this consultation and the resulting
descriptors used in this document are as follows:

e Pathogens, contained within a particle (known as ‘infectious particles’), that travel
through the air, when these infectious particles are carried by expired airflow (they
are known as ‘infectious respiratory particles’ or IRPs), and which enter the human
respiratory tract (or are deposited on the mucosa of the mouth, nose or eye of another
person) and;

o Pathogens from any source (including human, animal, environment), that cause
predominantly respiratory infections (e.g., Tuberculosis [TB], influenza, severe acute
respiratory syndrome [SARS], Middle East respiratory syndrome [MERS]), but as
well as those causing infections involving the respiratory and other organ systems
(e.g. COVID-19, measles).

Xi
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The following descriptors and stages have been defined by this extensively discussed consultation
to characterize the transmission of pathogens through the air (under typical circumstances):

e Individuals infected with a pathogen, during the infectious stage of the disease (the
source), can generate particles containing the pathogen, along with water and res-
piratory secretions. Such particles are herein described as potentially ‘infectious
particles’.

e These potentially infectious particles are carried by expired airflow, exit the infec-
tious person’s mouth/nose through breathing, talking, singing, spitting, coughing or
sneezing and enter the surrounding air. From this point, these particles are known as
‘infectious respiratory particles’ or IRPs.

e IRPsexist in a wide range of sizes (from sub-microns to millimetres in diameter).
The emitted IRPs are exhaled as a puff cloud (travelling first independently from air
currents and then dispersed and diluted further by background air movement in the
room).

e IRPsexist on a continuous spectrum of sizes, and no single cut off points should be
applied to distinguish smaller from larger particles, this allows to move away from
the dichotomy of previous terms known as ‘aerosols’ (generally smaller particles) and
‘droplets’ (generally larger particles).

e Many environmental factors influence the way IRPs travel through air, such as ambi-
ent air temperature, velocity, humidity, sunlight (ultraviolet radiation), airflow distri-
bution within a space, and many other factors, and whether they retain viability and
infectivity upon reaching other individuals.

The descriptor ‘through the air’ can be used in a general way to characterize an infectious dis-
ease where the main mode of transmission involves the pathogen travelling through or being
suspended in the air. This has similarity with other public health descriptors of infectious dis-
eases, such as ‘waterborne’ and ‘bloodborne’, that refer to the main medium through which a
specific disease is transmitted, and as commonly understood by the scientific, clinical, public
health communities and the general public.

The descriptor ‘transmission through the air’ can be used to describe the mode of trans-
mission of IRPs through the air.

Under the umbrella of the ‘through the air’, two descriptors can be used:

e ‘Airborne transmission/inhalation’ Occurs when IRPs expelled into the air as
described above and enter, through inhalation, the respiratory tract of another
person and may potentially cause infection. 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 dis-
tance travelled depends on multiple factors including particle size, mode of expul-
sion and environmental conditions (such as airflow, humidity, temperature, setting,
ventilation).

¢ ‘Direct deposition’ Occurs when IRPs expelled into the air following a short-range
semi-ballistic trajectory, then directly deposited on the exposed facial mucosal sur-
faces (mouth, nose or eyes) of another person, thus, enter the human respiratory tract
via these portals and potentially cause infection.

INQ000492325_0016



Executive summary

Pathogens that can be transmitted to another human via contact transmission (direct contact)
and not via transmission through the air (e.g. via hands) or indirectly via touching secondary
objects (fomites e.g. tabletops), or that enter the human body via routes (e.g. open wounds,
sharps or needle-stick injuries) or pathogens with an environmental reservoir with a predilec-
tion for lungs (e.g., Legionella and melioidosis) are not covered by the included descriptors but
are referenced for completeness.

This consultation is the first phase of the global scientific debate led by WHO. From which
the next steps will require further technical and multidisciplinary research and exploration of
the wider implications of the updated descriptors before any update on infection prevention and
control or other mitigation measures guidance is issued by WHO.

Xiii
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CHAPTER 1

Introduction

Understanding the modes of transmission for any pathogen is essential for developing and
adapting effective and appropriate public health, clinical, infection prevention and control
measures to prevent infections and mitigate the spread of that pathogen.

Key public health and social measures include implementing multiple approaches, such as:

e case finding;

e separation and/or isolation;

»  contact tracing and supported quarantine;

e robust testing;

e physical distancing;

e hand hygiene, mask-wearing;

e delivery of prompt and appropriate treatments;

e environmental cleaning and disinfection;

e ensuring adequate ventilation;

e infection prevention and control measures in health care settings;

e clinical case management.
All these measures are influenced by an understanding of how, where and when transmission
of a pathogen occurs and are implemented in a variety of different settings, including for health

care workers and other occupations in health care settings, usually using a ‘hierarchy of con-
trols” approach.

The way pathogens are transmitted is complex and depends on many factors and may be
classified in different ways. The modes of transmission follow classic epidemiological principles
and refer to how an infectious agent, which can be pathogenic, can be transferred to another
person, object, the environment, water, food, insect or animal. In this sense, transmission could
simply be classified through the various media the infectious pathogens use to move between
the source and susceptible recipient e.g. bloodborne, waterborne, vector-borne, airborne and
through the air (1-3). How to measure and quantify the predominant mode of transmission for
different pathogens that are transmitted through the air remains challenging, particularly for
newly emerging pathogens.

One current major issue contributing to this challenge is that the terminology used to
describe the transmission of pathogens through the air varies significantly across scientific dis-
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ciplines, organizations and the general public (4). While this issue has been known for many
years (4-20), it was brought to the forefront during the COVID-19 pandemic when intensive
global communications were needed. During the pandemic, the terms ‘airborne’, ‘airborne
transmission’, ‘droplets’ and ‘aerosols’ were used in different ways, by different stakeholders,
which contributed to confusion in communicating how this pathogen was transmitted in
human populations via air (21). Hence, a lack of consensus on what exactly is meant by ‘air-
borne’, ‘airborne transmission’ has highlighted the need for better alignment of these terms
across disciplines, agencies and pathogens.

In 2020, the WHO COVID-19 leadership team consulted with other major public health
agencies and agreed on the need to reassess the use of terminology relating to transmission of
pathogens through the air. As a starting point, and in order to ascertain whether significant and
unresolved variation in the definitions existed between different scientific disciplines, the WHO
Health Emergencies Programme, together with the Science Division’s Rapid Review Group,
conducted a scoping literature review of the existing definitions of airborne transmission of
pathogens in 2021. This review (manuscript under preparation) found considerable variation
in the scope of the term ‘airborne transmission’, including differences in particle size limits,
duration in the air, distance travelled, method of dispersal and other properties.

In November 2021, WHO began the process of convening a global technical consultation
with the aim to resolve inconsistencies in terminology and seek agreement regarding descrip-
tors and terminology relating to the transmission of pathogens through the air. This consul-
tation report summarizes the areas of consensus reached from the expert discussions on the
proposed terminology and descriptors to be used.
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CHAPTER 2

Objectives, aim and scope

The key objectives of this global technical consultation process were:

»  to bring together global experts of various disciplines including (but not limited
to) experts in epidemiology, microbiology, clinical management, infection preven-
tion and control, bioengineering, physics, air pollution, aerosol science, aerobiology,
public health and social measures, and social science; and

e to share knowledge and seek a consensus regarding generic terminology and descrip-
tors used to describe the transmission of pathogens through the air that can poten-
tially cause infection in humans.

The aim of the consultation was to:

e identify a language for these terms that can be understood, accepted and eventually
implemented by all disciplines and experts globally.

The scope of pathogens covered in this consultation and the resulting descriptors contained in
this document are as follows:

e Pathogens, contained within a particle (known as ‘infectious particles’), that travel
through the air and these infectious particles are carried by expired airflow (now
known as ‘infectious respiratory particles’ or IRPs), which enter the human res-
piratory tract (or are deposited on the mucosa of the mouth, nose or eye of another
person);

e Pathogens from any source (including human, animal, environment), that cause pre-
dominantly respiratory (e.g., TB, influenza, SARS, MERS) but also those pathogens
causing infections involving the respiratory and other organ systems (e.g. COVID-19,
measles).

To note:

e Pathogens that are transmitted to another human via contact transmission (direct
contact), not via transmission through the air (e.g. via hands) or indirectly via
touching secondary objects (fomites e.g. tabletops), or that enter the human body via
routes (e.g. via the skin or open wounds, via sharps or needle-stick injuries) or path-
ogens with an environmental reservoir with a predilection for lungs (e.g., Legionella
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and melioidosis) are not covered by the included descriptors but are referenced for
completeness;

e For simplicity, the descriptors, figures, tables and other text included in this doc-
ument usually refer to humans only (e.g. ‘person/individual’ rather than the more
generic term ‘source’, which could be used to refer to environmentally derived patho-
gens) and focus on transmission from, and to, the respiratory tract of humans, rather
than other ports of entry (e.g. via skin or open wounds);

e Detailed descriptions of all possible transmission factors, for every known pathogen,
in all possible settings, were not included in this consultation.
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CHAPTER3

Methods and processes

Details of the governance structure and formation of the Technical Consultation Group (TCG)
canbe found in Annex 1. This global technical consultation used a staged approach (see Annex2),
with two complementary methods (see Annex 3). This was a multi-agency, multidisciplinary
initiative, including 41 technical experts and the WHO Secretariat (see Annex 4) selected to
provide expert evidence and to contribute to open discussions via virtual meetings and submit
written comments following each draft of the resulting document(s). The members of the full
TCG were included based on their technical expertise, and to ensure appropriate gender and
geographical balance. Invitations to join the TCG of experts were approved and issued by the
WHO Chief Scientist. All consulted experts were assessed for conflicts of interest and asked to
sign confidentiality agreements, per normal WHO procedures. None of the experts reported
any conflict considered relevant. Given the high likelihood of substantive disagreement among
the diverse selected experts, all were encouraged to provide full, frank but respectful contribu-
tions to the consultation discussions via their verbal contributions and written feedback, but to
aim for overall descriptors that multiple agencies could co-endorse and adopt.

This technical consultation process was not that of a formally constituted WHO TCG, and
thus, formal recommendations were not an expected output of the process. As such, compre-
hensive systematic evidence reviews pertaining to every known pathogen were not undertaken.
Instead, the process aimed to be a starting point for what is anticipated to be difficult and
complicated discussions on a topic with enormous complexity, which would form the basis for
common language across disciplines. However, it would likely require further work in order
to operationalize and implement within pathogen-, discipline- and setting-specific contexts.

Comments provided during virtual meetings and via written feedback covered an extremely
wide range of areas relating to the topic. This included mechanisms, modes, settings, pathogen
specific characteristics, epidemiological factors, source control, host and many other factors
relating to the transmission of IRPs.

An informal approach, with unstructured discussion, was used for this consultation, as
this can enable better articulation of views and opinions rather than using more structured
approaches (such as the Delphi method, surveys or formal voting). The possibility of having
strongly dissenting views recorded was offered to members of the TCG. The term ‘consensus’
has been used in this document to convey a process whereby these group decision-making
methods were employed in the consultation to achieve the resulting document.
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CHAPTER 4

Outcomes

The lengthy consultation process confirmed how extremely complex and sensitive it is to address
the objective laid out in this global technical consultation. As anticipated, it was challenging
to achieve consensus on all aspects of this topic where experts had mutually exclusive and dia-
metrically opposed positions regarding the supporting science, some of which still remain, and
are summarized in Annex 5.

Despite these hurdles, progress was made to reach a consensus of the overarching termi-
nology of ‘transmission through the air’ with sub-categories of ‘airborne transmission” and
‘direct deposition’. Importantly, it was agreed by the TCG that Figure 1 is a schematic depic-
tion of current understanding on how pathogens are transmitted through the air, although not
all organisms employ all the routes shown. There remains some disagreement regarding some
of the chosen labels and terminology to describe the schematic (see Annex 5 for discussion
points). To articulate the schematic depiction of Figure 1 in words, the following descriptors
are proposed to be used to characterize the transmission of pathogens through the air, under
usual circumstances.

Source: Developed by A. Manna and L. Bourouiba, adapted from (8, 12, 22, 23).
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3.1

Modes of transmission

The mode of transmission (Table 1) includes the formation, release, transport and biophysical/
biochemical changes to IRPs that occur when they move away from an infectious individual and
travel towards another individual. In addition, IRPs may directly deposit on the mouth, nose or
eye of another individual, and can potentially infect the individual.

Table 1. Features of infectious respiratory particles and descriptors for modes of transmission®

Mode of Typical Route of Respiratory Respiratory Schematic

transmission distance from transfer to tract entry tract entry depiction
the source another human mechanism portal

THROUGH THE AIR

Airborne Any distance Through the air Inhalation Anywhere along the

transmission/ (suspended in air or respiratory tract

inhalation moving via air flows) .

Direct deposition  Short Through the air Deposition on the Mouth, nose or
(semi-ballistic mucosa eyes*
trajectory)
CONTACT#
Direct contact Short Not through the air Direct transfer (via Mouth, nose or eyes*
touch®, usually with
hands)
Indirect contact Any distance Not through the air, Indlirect transfer Mouth, nose or eyes*
although IRPs may {via touching an
reach an intermediate  intermediate object)
object through the air

*Note that the mucosa of the eyes is not part of the human respiratory tract but are a portal of entry into 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
leftis/are the infectious person(s) and the human on the right is the recipient of the IRP.

“Note that touch’ is not through the air transmission but included for completeness and it does notinclude sharp injuries like needle prick.

SSource of figures: A. Manna and L. Bourouiba. Based on (8, 72, 23).
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Chapter

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’ or IRPs (24-36). These IRPs 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) (22, 25, 32, 37-55) and travel in the air in
a turbulent puff cloud (exhaled mixture of gases from the lungs and respiratory particles) (8,
23). The IRPs are carried by the puff cloud and remain concentrated until the cloud reduces
sufficiently in momentum to enable IRP dispersal by the background air movement.

There are many factors that can influence the particle distribution, spread and subsequent
effect on an individual of exhaled IRPs (depicted in Figure 1):

e Host: Immune status of the host, including prior infection, vaccination, status of an
individual’s innate, cellular and humoral immunity;

e Pathogen characteristics: The ability of the pathogen to remain infective after
suspension in the air and the dose-infection relationship for the pathogen after it
deposits on a surface in the host’s respiratory tract;

e Particle size: IRPs are formed with a continuous spectrum of aerodynamic sizes,
and no single cut off points should be applied to distinguish smaller from larger
particles, this allows to move away from the dichotomy of what have previously been
known as ‘aerosols’ (generally smaller particles) and ‘droplets’ (generally larger par-
ticles) (8, 12, 56, 57). Nonetheless, there are usually more numerous smaller, com-
pared to larger, particles;

e Speed of expulsion: The speed of expulsion can vary depending on the force of
expiration and other factors relating to the surrounding conditions (8, 12, 14, 23, 55,
58-67). Because of dilution, the concentration of IRPs is higher closer to the source
(where the IRPs exit the infectious person’s respiratory tract) and become less con-
centrated as they disperse randomly further away from the source;

¢ Influence of gravity: Under the influence of gravity, after being expelled, larger IRPs
rapidly fall, eventually reaching the ground or another surface, usually within 1-2
metres of where they were emitted from the infectious person’s respiratory tract (13,
68, 69);

¢ Mode of expulsion: Activities resulting in more forceful expiration (i.e., larger total
momentum), such as sneezing, coughing, loud singing and shouting, are known to
propel IRPs further than 1-2 metres (8, 12, 23);

e Evaporation: Following emission from the mouth and/or nose, IRPs of all sizes
undergo evaporation of some of their water content. IRPs decrease in size and
weight at various rates in a common environment. Evaporation rate has an impact
on how long particles remain in the air and how far they may be transferred before
settling on a surface. The smaller the particle, the longer it is likely to remain in the
air, and the further it is likely to travel;

*  Environmental conditions: In addition to the above factors for transmission, the
ambient air temperature, sunlight, humidity, airflow and size, occupancy and use of
the space where IRPs are expelled impact the infectivity, duration, speed of trans-
mission and distance travelled of IRPs (23-25, 29, 33, 48, 54, 55, 62, 66, 70-87);

e Concentration of IRPs: With increasing distance from the source, dilution with
ambient air increases and concentrations of IRPs decrease. Concentrations are also
affected by ambient airflows from ventilation systems. Concentrations can increase
over time if ventilation is inadequate (88-90).

4 — Outcomes
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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, either due to decrease in an organism’s infectivity with
time or more dispersion and dilution leading to lower concentrations of particles in the air at
any given position. The modes in which IRPs then travel to, enter, and can potentially infect
another individual can broadly be described as occurring in the following three ways (depicted
in Figure 1 and Table 1):

1. 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 (28, 37, 41, 43, 53, 63, 84, 91-96). 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 travelled may depend on multiple
factors including particle size, mode of expulsion and environmental conditions (such as
airflow, humidity, temperature, setting, ventilation, etc.).

2. ii) Direct deposition: Occurs when IRPs are expelled into the air following a short-range
semi-ballistic trajectory, then are directly deposited on the exposed facial mucosal sur-
faces (mouth, nose or eyes) of another person, thus, entering the human respiratory tract
via these portals and potentially causing infection (38, 41, 42, 47, 48, 52-54, 58, 62, 67, 72,
76, 84, 95, 97-106).

3. iii) Contact transmission (added for completeness): Contaminated surfaces are created
when IRPs expelled into the air settle on a surface, or when an infected person transfers
infectious respiratory secretions by firstly touching their own mouth, nose or eyes and
then touching a surface or shaking hands (25, 34, 42, 48, 54, 58, 72, 84, 97, 98, 107, 108).
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 transmis-
sion 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. This form of transmission does not directly involve the trans-
mission 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 here for completeness (see
also Figure 1, Table 1).

3.2 The term ‘through the air transmission’

The descriptor ‘through the air’ can be used in an overarching way to characterize an infectious
disease where transmission involves the pathogen travelling through or being suspended in the
air. This has similarity with other public health descriptors of infectious diseases, such as ‘water-
borne’ and ‘bloodborne’, which refer to the main medium through which a specific disease is
transmitted and is commonly understood by the general public. However, the medium alone
does not address the factors of time and distance over which the air remains infectious, and
those modifiers will be necessary for the phrase to be useful for public health implementation,
which needs to be part of future research.

The phrase ‘transmission through the air’ can be used to describe the transmission of IRPs
through the air, via either airborne transmission/inhalation or direct deposition modes (or
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other labels matching equivalent descriptions) as outlined above. This can therefore include the
transmission of IRPs on a spectrum of sizes, over both short and long distances. See Figure 1
and Table 1 for schematic descriptions of these modes of transmission (and other related trans-
mission modes for completeness).

33 Exposure and its relationship to infection

Exposure of pathogens through the air is a physical phenomenon in which pathogens released
from the respiratory tract of an infectious person end up in the respiratory tract of another.

Exposure does not guarantee successful infection of the susceptible host, as infection is an
event that can only occur after the expelled IRPs enter the respiratory tract, come into contact
with the respiratory tissues, followed by multiplication of the infectious pathogens within a
susceptible person - thus, the full chain of events and conditions that comprises transmission.
There are a multitude of complex factors that influence whether a susceptible person becomes
infected, including biological characteristics of the pathogen and the particles it is contained
within, immune responses in the susceptible host, concentration of microbes in the IRP, dura-
tion of exposure and environmental factors. This document does not provide detailed informa-
tion on these complex factors that can ultimately result in infection.

34 Some factors affecting ‘through the air’ transmission of
IRPs and infection risk

As mentioned, many factors can affect the viability, infectivity and virulence, and concentration
of expelled IRPs and contribute to the risk of infection and disease in another person.

Numerous mitigation measures can reduce the risk of pathogens that transmit through
the air; distancing, masking, adequate ventilation/dilution and airflow pattern within indoor
spaces should be considered to help mitigate the risk of airborne transmission of IRPs. This is
because the transmission of IRPs is more likely to occur indoors than outdoors because the
opportunity for dilution of IRPs in the surrounding air is almost always greater outdoors. An
example of recent initiatives aiming to estimate the risk of airborne transmission indoors is the
‘Indoor Airborne Risk Assessment’ in the context of SARS-CoV-2 (109). This risk assessment
tool uses detailed relevant components, including:

o the emission rate (number/volume of IRPs exhaled by an infectious person in a given
time) (41, 52, 75, 77, 87);

e the removal rate (total number/volume of IRPs removed from the air in a given time
by ventilation or deposition or inactivation) (42, 60, 63, 77, 84, 110, 111);

»  Exposure (difference/balance between the emission rate and the removal rate and the
exposure time) (35, 44, 81, 110, 112-115, 48, 50, 54, 60, 63, 65, 71, 76);

e the administered dose (dose of IRPs which are actually retained and to which another
person is exposed) (25, 41, 48, 50, 59, 62-65, 71-75, 77, 80, 81, 83, 111-113, 116-119);

» the resulting probability and risk of infection (taking into account the administered
dose, the exposed person’s susceptibility to infection, severity of the resulting disease,
the pathogen specific transmissibility characteristics, and other risk and host factors)
(41, 108, 120-125).

Detailed descriptions of the interplay between these complex factors for specific pathogens, in
specific settings, are not within the scope of this document.

11
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It is important to note that different pathogens will have different predominant, or mixed,
modes of transmission, including through the air transmission, which require detailed discus-
sions with relevant expert groups to determine appropriate mitigation strategies. In addition
to mode of transmission, these discussions will include the epidemiologic and virologic char-
acteristics of the pathogens, the degree or severity of illness caused, the impact and burden on
health care systems, and other factors, thus transmission pathways alone are not sufficient to
indicate which mitigation strategies are chosen. The development of evidence-based guidance,
transmission prevention and mitigation measures will need to be tailored differently for dif-
ferent pathogens via different routes and in different settings. In addition, pathogens vary in
their virulence, treatability, frequency and potential impact on different hosts in different set-
tings. Hence, pathogen- and setting-specific guidance regarding mitigation measures, includ-
ing infection, prevention and control (IPC) guidance, is needed, but is not within the scope of
this document.

3.5 Immediate practical implications

The updated terminology no longer includes a cut off of particle size, but rather a continuum of
particle sizes of IRPs. These will have practical implications for various technical disciplines.
For example, in IPC, the goal is to prevent and/control microbial transmission. Control includes
both limiting the spread of infection and limiting the morbidity and mortality resulting from
infection. To prevent or limit the spread of infection, exposure must be addressed, prioritizing
interventions according to the severity of the resulting diseases. This means that for the same
transmission mode, different prevention and control measures may be selected, depending on
factors relating to the infectious agent, source, environment and host. There must be a clear
understanding that when describing transmission of pathogens, this must work backwards
from factors affecting infection risk, not just forwards from source generation and infectious
particle characteristics, such as their concentrations, size and aerobiological properties.

There is NO suggestion from this consultative process that to mitigate the risk of short-
range airborne transmission full ‘airborne precautions’™ (as they are currently known) should
be used in all settings, for all pathogens, and by persons with any infection and disease risk
levels where this mode of transmission is known or suspected (126). But conversely, some sit-
uations will require ‘airborne precautions’. This would clearly be inappropriate within a risk-
based infection prevention approach where the balance of risks, including disease incidence,
severity, individual and population immunity and many other factors, need to be considered,
inclusive of legal, logistic, operational and financial consequences that have global implications
regarding equity and access.

Additionally, the new term of “direct deposition’ is akin to the existing ‘droplet transmis-
sion” mode, but without any specific particle size designation. While further understanding of
this form of transmission is elucidated, for pathogens suspected or known to transmit via this
mode, the existing ‘droplet precautions’ should continue to be used to prevent direct deposition
of respiratory particles, but personnel may still be vulnerable to infection via airborne transmis-
sion/inhalation if the pathogen can also transmit via this mode. Similarly, for transmission via
‘contact’ mode, existing precautions known as ‘contact precautions’ should continue to be used.

! Such as patient placement in an airborne infection isolation room, appropriate personal protective equipment (PPE) use
by health care workers (including a respirator), limited transport and movement of patients, and asking the patient to wear
a mask when appropriate.
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Most importantly, while discussions during the consultation were based on the available
best science, it was agreed it was important to balance scientific insights with availability, access,
affordability and other practical realities to minimize health inequity and avoid potential con-
sequences such as the ability to access PPE.

The implementation of the terminology on transmission through the air and all other
modes of transmission will require further empirical multidisciplinary research and an evi-
dence-based review process. Terminology of the modes of transmission may have ramifica-
tions on current measures and recommendations in health care settings, as well as in others
including, but not limited to, educational settings, transport and workplaces. Many diverse
disciplines will need to be bought together to consider the implications for specific pathogens,
for nonspecific infection control measures, such as good hygiene practices, and when the modes
of transmission are not known at the time.

3.6 Key research gaps and next steps

Physical science studies have emphasized the importance of understanding the movement of
particles through the air in order to design potential interventions to lower the risk of infec-
tion. However, studies that measure infection and the impact of mitigation interventions for
specific pathogens are challenging as the ability to design and conduct clinical trials, or other
study types, is highly affected by the enormous heterogeneity of factors regarding the patho-
gens themselves (and their characteristics), the settings where pathogens are transmitted, and
the individuals who eventually become infected by them. Well-designed research studies are
needed to inform mitigation strategies.

Guidance for infection prevention depends on a wide range of factors that need to be con-
sidered by health care experts and scientists particularly in emergent situations. However,
there remains a clear and urgent need for the design and conduct of further inter—disciplinary
research to build robust evidence regarding transmission mechanisms and infection preven-
tion measures and strategies. Future research should include animal models, human challenge
experiments, as well as other observational and interventional study designs.

An important next step is to consider how the definitions described here will be applied to
wider evidence base and risk assessment processes, to inform wider IPC and clinical research,
epidemiology evidence base and future IPC measures as well as for engineering, physics research
and aerosol science. Behavioural research is important for implementing acceptance, adoption
and action of IPC and public health measures.

13
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CHAPTERS

Conclusions

This global technical consultation process was a concerted effort of many influential and expe-
rienced experts. Despite the challenges faced to arrive at some degree of consensus on such
sensitive issues and terminology, progress was made. WHO recognizes the concerns and the
non-agreed aspects raised and will continue to address these in future work.

Reaching consensus on the term ‘infectious respiratory particles’, moving away from a strict
dichotomy of particle sizes, and accepting that smaller IRPs can be transmitted at both short-
and long-range depending on several influencing factors, are all major achievements. Consid-
eration for the use of the phrase ‘transmission through the air’ as an umbrella term to describe
the transmission of IRPs through the air via either airborne transmission or direct deposition
modes simplifies a highly complex issue but will require specific socialization and training to
be understood by health care workers and the general public.

Such a shift in the use of this terminology in this way is not without its consequences.
Hence, the descriptors included in this document should be seen as a starting point for further
evidence review, urgent and detailed discussions and, multidisciplinary research with associ-
ated funding to address pathogen-, discipline- and/or setting-specific implementation of the
suggested changes.

15

INQ000492325_0033



INQ000492325_0034



10.

11.

12.

13.

14.

References

Noakes CJ, & Sleigh P., Mathematical models for assessing the role of airflow on the risk of airborne infection in
hospital wards. J. R. Soc. Interface. 2009. 6, S791-800. https://doi.org/10.1098/rsif.2009.0305.focus

Leung NHL, Transmissibility and transmission of respiratory viruses. Nat. Rev. Microbiol. 2021. 19, 528-545. https://
doi.org/10.1038/541579-021-00535-6

Kutter JS, Spronken M|, Fraaij PL, et al., Transmission routes of respiratory viruses among humans. Curr. Opin. Virol.
2018. 28, 142-151. https://doi.org/10.1016/j.coviro.2018.01.001

Tellier R, Li Y, Cowling BJ, et al., Recognition of aerosol transmission of infectious agents: a commentary. BMC
Infect. Dis. 2019. 19. https://doi.org/10.1186/512879-019-3707-y

Gralton J, Tovey E, McLaws ML, et al., The role of particle size in aerosolised pathogen transmission: a review. J.
Infect. 2011. 62, 1-13. https://doi.org/10.1016/}.jinf.2010.11.010

Tang JW, The effect of environmental parameters on the survival of airborne infectious agents. J. R. Soc. Interface.
2009. 6 Suppl 6. https://doi.org/10.1098/rsif.2009.0227.focus

Xie X, Li Y, Chwang ATY, et al., How far droplets can move in indoor environments--revisiting the Wells evapora-
tion-falling curve. Indoor Air. 2007. 17, 211-225. https://doi.org/10.1111/j.1600-0668.2007.00469.x

Bourouiba L, Fluid Dynamics of Respiratory Infectious Diseases. Annu. Rev. Biomed. Eng. 2021. 23, 547-577. https:/
doi.org/10.1146/annurev-bioeng-111820-025044

Johnson GR, Morawska L, Ristovski ZD, et al., Modality of human expired aerosol size distributions. J. Aerosol Sci.
2011. 42, 839-851. https://doi.org/10.1016/j.jaerosci.2011.07.009

Graham R, Kerrie L, Pun M, et al., QUT Digital Repository : Droplets expelled during human expiratory activities
and their origin. Proc. 11th Int. Conf. Indoor Air Qual. Clim. Pap. - 1023, Copenhagen, Denmark. 2008. https://
eprints.qut.edu.au/15416/1/15416.pdf

Morawska L, Johnson G, Ristovski Z, et al., Droplets expelled during human expiratory activities and their origin.
proceedings 11th Int. Conf. Indoor Air Qual. Clim. Pap. - 1023, Copenhagen, Denmark. 2008. https://eprints.qut.
edu.au/15416/1/15416.pdf

Bourouiba L, The Fluid Dynamics of Disease Transmission. https://doi.org/10.1146/annurev-fluid-060220-113712.
2021. 53, 473-508. https://doi.org/10.1146/annurev-fluid-060220-113712

Hinds WC, Aerosol technology : properties, behavior, and measurement of airborne particles (Wiley, New York,
1999).

Jones RM, & Brosseau LM, Aerosol transmission of infectious disease. J. Occup. Environ. Med. 2015. 57,
501-508, doi:10.1097/JOM.0000000000000448. https://journals.lww.com/joem/abstract/2015/05000/
aerosol_transmission_of_infectious_disease.4.aspx

17

INQO000492325_0035



Global technical consultation report on proposed terminology for pathogens that transmit through the air

18

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29;

30.

31

32.

33.

Lindsley WG, Pearce TA, Hudnall JB, et al., Quantity and size distribution of cough-generated aerosol particles
produced by influenza patients during and after illness. J. Occup. Environ. Hyg. 2012. 9, 443-449. https://doi.org/10
.1080/15459624.2012.684582

Lindsley WG, Reynolds JS, Szalajda J V., et al., A Cough Aerosol Simulator for the Study of Disease Transmission by
Human Cough-Generated Aerosols. Aerosol Sci. Technol. 2013. 47, 937-944. https://doi.org/10.1080/02786826.201
3.803019

Nicas M, The near field/far field model with constant application of chemical mass and exponentially decreasing
emission of the mass applied. J. Occup. Environ. Hyg. 2016. 13, 519-528. https://doi.org/10.1080/15459624.2016.11
48268

Roy CJ, & Milton DK, Airborne transmission of communicable infection--the elusive pathway. N. Engl. J. Med. 2004.
350, 1710-1712. https://www.nejm.org/doi/full/10.1056/NEJMp048051

Seto WH, Airborne transmission and precautions: facts and myths. J. Hosp. Infect. 2015. 89, 225-228. https://doi.
0rg/10.1016/j.jhin.2014.11.005

Tang JW, Li Y, Eames |, et al., Factors involved in the aerosol transmission of infection and control of ventilation in
healthcare premises. J. Hosp. Infect. 2006. 64, 100-114. https://doi.org/10.1016/j.jhin.2006.05.022

Priyanka, Choudhary OP, Singh |, et al., Aerosol transmission of SARS-CoV-2: The unresolved paradox. Travel Med.
Infect. Dis. 2020. 37. https://doi.org/10.1016/j.tmaid.2020.101869

Marr LC, & Tang JW, A Paradigm Shift to Align Transmission Routes With Mechanisms. Clin. Infect. Dis. 2021. 73,
1747-1749. https://doi.org/10.1093/cid/ciab722

Bourouiba L, Dehandschoewercker E, & Bush JWM, Violent expiratory events: on cough-

ing and sneezing. J. Fluid Mech. 2014. 745, 537-563, doi:10.1017/JFM.2014.88.
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/
violent-expiratory-events-on-coughing-and-sneezing/475FCFCBD32C7DB6C1E49476DB7A7446

Basak M, Mitra S, & Bandyopadhyay D, Pathways to community transmission of COVID-19 due to rapid evaporation
of respiratory virulets. J. Colloid Interface Sci. 2022. 619, 229-245, https://doi.org/10.1016/j.jcis.2022.03.098

Bertone M, Mikszewski A, Stabile L, et al., Assessment of SARS-CoV-2 airborne infection transmission risk in public
buses. Geosci. Front. 2022. 13, 101398. https://doi.org/10.1016/j.9sf.2022.101398

Thornton GM, Fleck BA, Fleck N, et al., The impact of heating, ventilation, and air conditioning design features on
the transmission of viruses, including the 2019 novel coronavirus: A systematic review of ultraviolet radiation. PLoS
One. 2022. 17.https://doi.org/10.1371/journal.pone.0266487

Wang L, Lin T, Da Costa H, et al., Characterization of aerosol plumes from singing and playing wind instruments
associated with the risk of airborne virus transmission. Indoor Air. 2022. 32. https://doi.org/10.1111/ina.13064

Chatziprodromidou |, Dimitrakopoulou M, Apostolou T, et al., COVID-19 and Environmental Factors.
A PRISMA-Compliant Systematic Review. J. Environ. Sci. Public Heal. 2021. 6, 1-14. https://doi.
0rg/10.1101/2020.05.10.20069732

Biswas R, Pal A, Pal R, et al., Risk assessment of COVID infection by respiratory droplets from cough for various
ventilation scenarios inside an elevator: An OpenFOAM-based computational fluid dynamics analysis. Phys. Fluids.
2022. 34. https://doi.org/10.1063/5.0073694

Guo ZD, Wang ZY, Zhang SF, et al., Aerosol and Surface Distribution of Severe Acute Respiratory Syndrome
Coronavirus 2 in Hospital Wards, Wuhan, China, 2020. Emerg. Infect. Dis. 2020. 26, 1586-1591. https://doi.
0rg/10.3201/eid2607.200885

Huang J, Hao T, Liu X, et al., Airborne transmission of the Delta variant of SARS-CoV-2 in an auditorium. Build.
Environ. 2022. 219. https://doi.org/10.1016/j.buildenv.2022.109212

Lee BU, Why Does the SARS-CoV-2 Delta VOC Spread So Rapidly? Universal Conditions for the Rapid Spread of
Respiratory Viruses, Minimum Viral Loads for Viral Aerosol Generation, Effects of Vaccination on Viral Aerosol
Generation, and Viral Aerosol Clouds. Int. J. Environ. Res. Public Health. 2021. 18. https://doi.org/10.3390/
ijerph18189804

Pant CS, Kumar S, & Gavasane A, Mixing at the interface of the sneezing/coughing phenomena and its effect on
viral loading. Phys. Fluids . 2021. 33. https://doi.org/10.1063/5.0073563

INQ000492325_0036



34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

References

Moon J, & Ryu BH, Transmission risks of respiratory infectious diseases in various confined spaces: A meta-analysis
for future pandemics. Environ. Res. 2021. 202. https://doi.org/10.1016/j.envres.2021.111679

Salati H, Fletcher DF, Khamooshi M, et al., Exhaled Jet and Viral-Laden Aerosol Transport from Nasal Sneezing.
Aerosol Air Qual. Res. 2022. 22, 210338. https://doi.org/10.4209/aaqr.210338

de Crane D'Heysselaer S, Parisi G, Lisson M, et al., Systematic Review of the Key Factors Influencing the Indoor
Airborne Spread of SARS-CoV-2. Pathog. (Basel, Switzerland). 2023. 12. https://doi.org/10.3390/pathogens12030382

Fabregat A, Gisbert F, Vernet A, et al., Direct numerical simulation of turbulent dispersion of evaporative aerosol
clouds produced by an intense expiratory event. Phys. Fluids. 2021. 33. https://doi.org/10.1063/5.0045416

Good N, Fedak KM, Goble D, et al., Respiratory Aerosol Emissions from Vocalization: Age and Sex Differences Are
Explained by Volume and Exhaled CO2. Environ. Sci. Technol. Lett. 2021. 8, 1071-1076. https://doi.org/10.1021/acs.
estlett.1¢00760

Chen W, Liu L, Hang J, et al., Predominance of inhalation route in short-range transmission of respiratory viruses:
Investigation based on computational fluid dynamics. Build. Simul. 2023. 16, 765-780. https://doi.org/10.1007/
$12273-022-0968-y

Hejazi B, Schlenczek O, Thiede B, et al., Aerosol transport measurements and assessment of risk from infec-
tious aerosols: a case study of two German cash-and-carry hardware/DIY stores. medRxiv. 2021. https://doi.
0rg/10.1101/2021.05.21.21257577

Mourmouris P, Tzelves L, Roidi C, et al., COVID-19 transmission: A rapid systematic review of current knowledge.
Osong Public Heal. Res. Perspect. 2021. 12, 54—63. https://doi.org/10.24171/j.phrp.2021.12.2.02

Jiang G, Li F, & Hu T, Transport Characteristics and Transmission Risk of Virus-Containing Droplets from Coughing
in Outdoor Windy Environment. Toxics. 2022. 10. https://doi.org/10.3390/toxics10060294

Goodwin L, Hayward T, Krishan P, et al., Which factors influence the extent of indoor transmission of SARS-CoV-27 A
rapid evidence review. J. Glob. Health. 2021. 11, 1-26. https://jogh.org/documents/2021/jogh-11-10002.pdf

Orton CM, Symons HE, Moseley B, et al., A comparison of respiratory particle emission rates at rest and while
speaking or exercising. Commun. Med. 2022. 2. https://doi.org/10.1038/543856-022-00103-w

Samet JM, Burke TA, Lakdawala SS, et al., SARS-CoV-2 indoor air transmission is a threat that can be addressed with
science. Proc. Natl. Acad. Sci. U. S. A. 2021. 118, €2116155118,. https://doi.org/10.1073/pnas.2116155118

Tellier R, COVID-19: the case for aerosol transmission. Interface Focus. 2022. 12. https://doi.org/10.1098/
rsfs.2021.0072

Jiang G, Wang C, Song L, et al., Aerosol transmission, an indispensable route of COVID-19 spread: case study of a
department-store cluster. Front. Environ. Sci. Eng. 2021. 15. https://doi.org/10.1007/511783-021-1386-6

Basu S, Akash MMH, Hochberg NS, et al., From SARS-CoV-2 infection to COVID-19 morbidity: an in silico projection
of virion flow rates to the lower airway via nasopharyngeal fluid boluses. Rhinol. Online. 2022. 5, 10-18. https://doi.
0rg/10.1101/2020.12.19.20248544

Arav Y, Klausner Z, & Fattal E, Theoretical investigation of pre-symptomatic SARS-CoV-2 person-to-person trans-
mission in households. Sci. Rep. 2021. 11. https://doi.org/10.1038/541598-021-93579-w

Bahl P, Doolan C, De Silva C, et al., Airborne or Droplet Precautions for Health Workers Treating Coronavirus Disease
20197 J. Infect. Dis. 225 (2022), pp. 1561-1568. https://doi.org/10.1093/infdis/jiaa189

Baselga M, Giiemes A, Alba JJ, et al., SARS-CoV-2 Droplet and Airborne Transmission Heterogeneity. J. Clin. Med.
2022.11. https://doi.org/10.3390/jcm11092607

Chaudhuri S, Kasibhatla P, Mukherjee A, et al., Analysis of overdispersion in airborne transmission of COVID-19.
Phys. Fluids. 2022. 34, 51914. https://doi.org/10.1063/5.0089347

Chen PZ, Bobrovitz N, Premji Z, et al., Heterogeneity in transmissibility and shedding SARS-CoV-2 via droplets and
aerosols. Elife. 2021. 10. https://doi.org/10.7554/eLife.65774

Cortellessa G, Stabile L, Arpino F, et al., Close proximity risk assessment for SARS-CoV-2 infection. Sci. Total Environ.
2021. 794. https://doi.org/10.1016/j.scitotenv.2021.148749

Duval D, Palmer JC, Tudge |, et al., Long distance airborne transmission of SARS-CoV-2: rapid systematic review.
BMJ. 2022. 377. https://doi.org/10.1136/bmj-2021-068743

19

INQ000492325_0037



Global technical consultation report on proposed terminology for pathogens that transmit through the air

20

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Morawska L, Buonanno G, Mikszewski A, et al., The physics of respiratory particle generation, fate in the air, and
inhalation. Nat. Rev. Phys. 2022. 4, 723-734. https://doi.org/10.1038/542254-022-00506-7

Scharfman BE, Techet AH, Bush JWM, et al., Visualization of sneeze ejecta: steps of fluid fragmentation leading to
respiratory droplets. Exp. Fluids. 2016. 57, 1-9. https://doi.org/10.1007/500348-015-2078-4

Meyerowitz EA, Richterman A, Gandhi RT, et al., Transmission of sars-cov-2: A review of viral, host, and environ-
mental factors. Ann. Intern. Med. 174 (2021), pp. 69-79. https://doi.org/10.7326/M20-5008

Nguyen TT, Johnson GR, Bell SC, et al., A Systematic Literature Review of Indoor Air Disinfection Techniques for
Airborne Bacterial Respiratory Pathogens. Int. J. Environ. Res. Public Health. 2022. 19. https://doi.org/10.3390/
ijerph19031197

Parhizkar H, Dietz L, Olsen-Martinez A, et al., Quantifying Environmental Mitigation of Aerosol Viral Load in a
Controlled Chamber With Participants Diagnosed With Coronavirus Disease 2019. Clin. Infect. Dis. 2022. 75, E174-
E184. https://doi.org/10.1093/cid/ciac006

Wang W, Wang F, Lai D, et al., Evaluation of SARS-COV-2 transmission and infection in airliner cabins. Indoor Air.
2022. 32.12979. https://doi.org/10.1111/ina.12979

Zeng G, Chen L, Yuan H, et al., Analysis of airborne sputum droplets flow dynamic behaviors under different
ambient conditions and aerosol size effects. Chemosphere. 2022. 307. https://doi.org/10.1016/j.

Cheng P, Luo K, Xiao S, et al., Predominant airborne transmission and insignificant fomite transmission of SARS-
CoV-2 in a two-bus COVID-19 outbreak originating from the same pre-symptomatic index case. J. Hazard. Mater.
2022. 425. https://doi.org/10.1016/j.jhazmat.2021.128051

Iddon C, Jones B, Sharpe P, et al., A population framework for predicting the proportion of people infected by
the far-field airborne transmission of SARS-CoV-2 indoors. Build. Environ. 2022. 221. https://doi.org/10.1016/j.
buildenv.2022.109309

Kriegel M, Hartmann A, Buchholz U, et al., SARS-CoV-2 Aerosol Transmission Indoors: A Closer Look at Viral Load,
Infectivity, the Effectiveness of Preventive Measures and a Simple Approach for Practical Recommendations. Int. J.
Environ. Res. Public Health. 2021. 19. https://doi.org/10.3390/ijerph19010220

Li M, Chong KL, Ng CS, et al., Towards realistic simulations of human cough: Effect of droplet emission duration and
spread angle. Int. J. Multiph. Flow. 2022. 147, 103883. https://doi.org/10.1016/j.ijmultiphaseflow.2021.103883

Lunati |, & Mucignat C, Infection risk in cable cars and other enclosed spaces. Indoor Air. 2022. 32. https://doi.
0rg/10.1111/ina.13094

Wang CC, Prather KA, Sznitman J, et al., Airborne transmission of respiratory viruses. Science. 2021. 373. https://doi.
org/10.7759/cureus.33515

Maxey MR, The gravitational settling of aerosol particles in homogeneous turbulence and random flow fields. J.
Fluid Mech. 1987. 174, 441-465. https://doi.org/10.1017/50022112087000193

Al-Safran EM, Application of Multiphase Flow and Droplet Separation Theory in Modeling Cough Droplets
Contamination Range to Mitigate COVID-19 Transmission — Do not Stand too Close to Me! J. Eng. Res. 2021. 9,
293-310. https://doi.org/10.36909/jer.11939

Bulfone TC, Malekinejad M, Rutherford GW, et al., Outdoor Transmission of SARS-CoV-2 and Other Respiratory
Viruses: A Systematic Review. J. Infect. Dis. 2021. 223, 550-561. https://doi.org/10.1093/infdis/jiaa742

Carlotti P, Massoulié B, Morez A, et al., Respiratory pandemic and indoor aeraulics of classrooms. Build. Environ.
2022. 212. https://doi.org/10.1016/j.buildenv.2022.108756

Islam MR, & Nagib SH, Droplet and Aerosol Suspension Times in Ambient Air in Confined Spaces and Transmission
of COVID-19: Influence of Environmental Factors. J. Sci. Res. 2021. 13, 495-506. https://doi.org/10.3329/jsr.
v13i2.50273

Issakhov A, Zhandaulet Y, Omarova P, et al., A numerical assessment of social distancing of preventing airborne
transmission of COVID-19 during different breathing and coughing processes. Sci. Rep. 2021. 11. https://doi.
0rg/10.1038/541598-021-88645-2

Johnson TJ, Nishida RT, Sonpar AP, et al., Viral load of SARS-CoV-2 in droplets and bioaerosols directly captured
during breathing, speaking and coughing. Sci. Rep. 2022. 12. https://doi.org/10.1038/541598-022-07301-5

INQ000492325_0038



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

References

Karimzadeh S, Bhopal R, & Huy NT, Review of infective dose, routes of transmission and outcome of COVID-19
caused by the SARS-COV-2: comparison with other respiratory viruses. Epidemiol. Infect. 2021. 149. https://doi.
0rg/10.1017/5095026 8821000790

Lai X, Li S, Yan J, et al., Multiphase large-eddy simulations of human cough jet development and expiratory droplet
dispersion. J. Fluid Mech. 2022. 942, A12. https://doi.org/10.1017/jfm.2022.334

Miirbe D, Kriegel M, Lange J, et al., Aerosol emission in professional singing of classical music. Sci. Rep. 2021. 11.
https://doi.org/10.1038/541598-021-93281-x

Mirbe D, Kriegel M, Lange J, et al., Aerosol emission of adolescents voices during speaking, singing and shouting.
PLoS One. 2021. 16. https://doi.org/10.1371/journal.pone.0246819

Pal S, & Ghosh |, A mechanistic model for airborne and direct human-to-human transmission of COVID-19: effect of
mitigation strategies and immigration of infectious persons. Eur. Phys. J. Spec. Top. 2022. 231, 3371-3389. https://
doi.org/10.1140/epjs/s11734-022-00433-9

Sarhan AAR, Naser P, & Naser J, Numerical study of when and who will get infected by coronavirus in passenger
car. Environ. Sci. Pollut. Res. Int. 2022. 29, 57232-57247. https://doi.org/10.1007/511356-022-19824-5

Sun S, Li J, & Han J, How human thermal plume influences near-human transport of respiratory droplets and
airborne particles: a review. Environ. Chem. Lett. 2021. 19, 1971-1982. https://doi.org/10.1007/s10311-020-01178-4

Thanigaiarasu S, Balamani G, Bakiya A, et al., Numerical Modeling and Simulation of the Droplet Transmission of
SARS-CoV-2 in the Ambient Environment and Its Relevance to Social Distancing. Math. Probl. Eng. 2022. 2022.
https://doi.org/10.1155/2022/6881712

Wang Q, Gu J, & An T, The emission and dynamics of droplets from human expiratory activities and COVID-
19 transmission in public transport system: A review. Build. Environ. 2022. 219. https://doi.org/10.1016/j.
buildenv.2022.109224

Bourouiba L, Turbulent Gas Clouds and Respiratory Pathogen Emissions: Potential Implications for Reducing
Transmission of COVID-19. JAMA. 2020. 323, 1837-1838, doi:10.1001/JAMA.2020.4756. https://jamanetwork.com/
journals/jama/article-abstract/2763852

Verheyen CA, & Bourouiba L, Associations between indoor relative humidity and global COVID-19 outcomes. J. R.
Soc. Interface. 2022. 19. https://doi.org/10.1098/rsif.2021.0865

Han J, Yin J, Wu X, et al., Environment and COVID-19 incidence: A critical review. J. Environ. Sci. 2023. 124, 933-951.
https://doi.org/10.1016/j.jes.2022.02.016

JiaW, Wei J, Cheng P, et al., Exposure and respiratory infection risk via the short-range airborne route. Build.
Environ. 2022. 219. https://doi.org/10.1016/j.buildenv.2022.109166

Morawska L, & Buonanno G, The physics of particle formation and deposition during breathing. Nat. Rev. Phys.
2021. 3, 300-301. https://doi.org/10.1038/542254-021-00307-4

Alsved M, Fraenkel CJ, Bohgard M, et al., Sources of Airborne Norovirus in Hospital Outbreaks. Clin. Infect. Dis.
2020. 70, 2023-2028. https://doi.org/10.1093/cid/ciz584

Zahedi A, Seif F, Golshan M, et al., Air Surveillance for Viral Contamination with SARS-CoV-2 RNA at a Healthcare
Facility. Food Environ. Virol. 2022. 14, 374-383. https://doi.org/10.1007/512560-022-09524-1

Zeng G, Chen L, Yuan H, et al., Evaporation flow characteristics of airborne sputum droplets with solid fraction:
Effects of humidity field evolutions. Phys. Fluids . 2021. 33. https://doi.org/10.1063/5.0076572

Tellier R, Aerosol transmission of influenza A virus: a review of new studies. J. R. Soc. Interface. 2009. 6 Suppl 6.
https://doi.org/10.1098/rsif.2009.0302.focus

Cheng Q, & Spear RC, Exploring the Local Determinants of SARS-CoV-2 Transmission and Control via an Exposure-
Based Model. Environ. Sci. Technol. 2022. 56, 1801-1810. https://doi.org/10.1021/acs.est.1c05633

French AJ, Longest AK, Pan J, et al., Environmental Stability of Enveloped Viruses Is Impacted by Initial Volume and
Evaporation Kinetics of Droplets. MBio. 2023.14. https://doi.org/10.1128/mbio.03452-22

Xu L, Taylor JE, & Kaiser J, Short-term air pollution exposure and COVID-19 infection in the United States. Environ.
Pollut. 2022. 292. https://doi.org/10.1016/j.envpol.2021.118369

21

INQ000492325_0039



Global technical consultation report on proposed terminology for pathogens that transmit through the air

22

97.

101.

102

103.

110.

1.

12

13.

14.

115.

116.

17.

Copat C, Cristaldi A, Fiore M, et al., The role of air pollution (PM and NO2) in COVID-19 spread and lethality: A
systematic review. Environ. Res. 2020. 191. https://doi.org/10.1016/j.envres.2020.110129

Stettler MEJ, Nishida RT, De Oliveira PM, et al., Source terms for benchmarking models of SARS-CoV-2 transmission
via aerosols and droplets. R. Soc. open Sci. 2022. 9. https://doi.org/10.1098/rs05.212022

Buonanno G, Robotto A, Brizio E, et al., Link between SARS-CoV-2 emissions and airborne concentrations: Closing
the gap in understanding. J. Hazard. Mater. 2022. 428. https://doi.org/10.1016/j.jhazmat.2022.128279

Lau Z, Griffiths IM, English A, et al., Predicting the spatio-temporal infection risk in indoor spaces using an efficient
airborne transmission model. Proceedings. Math. Phys. Eng. Sci. 2022. 478. https://doi.org/10.1098/rspa.2021.0383

Oswin HP, Haddrell AE, Otero-Fernandez M, et al., The dynamics of SARS-CoV-2 infectivity with changes in aerosol
microenvironment. Proc. Natl. Acad. Sci. U. S. A. 2022. 119. https://doi.org/10.1073/pnas.2200109119

Saccente-Kennedy B, Archer J, Symons HE, et al., Quantification of Respirable Aerosol Particles from Speech and
Language Therapy Exercises. J. Voice. 2022. https://doi.org/10.1016/j.jvoice.2022.07.006

Noorimotlagh Z, Jaafarzadeh N, Martinez SS, et al., A systematic review of possible airborne transmission of the
COVID-19 virus (SARS-CoV-2) in the indoor air environment. Environ. Res. 2021. 193. https://doi.org/10.1016/j.
envres.2020.110612

Vardavas C, Nikitara K, Mathioudakis AG, et al., Transmission of SARS-CoV-2 in educational settings in 2020: a
review. BMJ Open. 2022. 12, 58308. https://doi.org/10.1136/bmjopen-2021-058308

. Yan, LiX, Fang X, et al., A spatiotemporal assessment of occupants’ infection risks in a multi-occupants space

using modified Wells-Riley model. Build. Environ. 2023. 230. https://doi.org/10.1016/j.buildenv.2023.110007

Zhuang X, Xu Y, Zhang L, et al., Experiment and numerical investigation of inhalable particles and indoor environ-
ment with ventilation system. Energy Build. 2022. 271. https://doi.org/10.1016/j.enbuild.2022.112309

. Reyes J, Stiehl B, Delgado J, et al., Human Research Study of Particulate Propagation Distance From Human

Respiratory Function. J. Infect. Dis. 2022. 225, 1321-1329. https://doi.org/10.1093/infdis/jiab609

van der Toorn W, Oh DY, & von Kleist M, COVIDStrategyCalculator: A software to assess testing and quarantine
strategies for incoming travelers, contact management, and de-isolation. Patterns (New York, N.Y.). 2021. 2. https://
doi.org/10.1016/j.patter.2021.100264

World Health Organization. (2024). Indoor airborne risk assessment in the context of SARS-CoV-2: description of airbome
transmission mechanism and method to develop a new standardized model for risk assessment. World Health
Organization. https:/iriswho.int/handle/10665/376346

Di Gennaro F, & Petrosillo N, New endemic and pandemic pathologies with interhuman airborne transmis-
sion through ear, nose and throat anatomical sites. Acta Otorhinolaryngol. Ital. 2022. 42, S5-5S13. https://doi.
org/10.14639/0392-100X-suppl.1-42-2022-01

Firle C, Steinmetz A, Stier O, et al., Aerosol emission from playing wind instruments and related COVID-19 infection
risk during music performance. Sci. Rep. 2022. 12. https://doi.org/10.1038/541598-022-12529-2

Huang W, Wang K, Hung CT, et al., Evaluation of SARS-CoV-2 transmission in COVID-19 isolation wards: On-site
sampling and numerical analysis. J. Hazard. Mater. 2022. 436. https://doi.org/10.1016/j.jhazmat.2022.129152

LiuY, Ning Z, Chen Y, et al., Aerodynamic analysis of SARS-CoV-2 in two Wuhan hospitals. Nature. 2020. 582,
557-560. https://doi.org/10.1038/541586-020-2271-3

Valenzuela-Fonseca B, Linfati R, & Escobar JW, Strategy for Locating People to Reduce the Transmission of
COVID-19 Using Different Interference Measures. Sustain. 2022, Vol. 14, Page 529. 2022. 14, 529. https://
doi.org/10.3390/su14010529

Riediker M, Briceno-Ayala L, Ichihara G, et al., Higher viral load and infectivity increase risk of aerosol transmission
for Delta and Omicron variants of SARS-CoV-2. Swiss Med. Wkly. 2022. 152. https://doi.org/10.4414/smw.2022.
w30133

Heneghan CJ, Spencer EA, Brassey J, et al., SARS-CoV-2 and the role of airborne transmission: a systematic review.
F1000Research 2022 10232. 2022. 10, 232. https://doi.org/10.12688/f1000research.52091.3

Kapoor NR, Kumar A, Kumar A, et al., Event-Specific Transmission Forecasting of SARS-CoV-2 in a Mixed-Mode
Ventilated Office Room Using an ANN. Int. J. Environ. Res. Public Health. 2022. 19. https://doi.org/10.3390/
ijerph192416862

INQO000492325_0040



8.

9.

120.

121.

122.

123.

124.

125.

126.

Lai J, Coleman KK, Tai SHS, et al., Exhaled Breath Aerosol Shedding of Highly Transmissible Versus Prior Severe
Acute Respiratory Syndrome Coronavirus 2 Variants. Clin. Infect. Dis. 2023. 76, 786-794. https://doi.org/10.1093/
cid/ciac846

Li X, Lester D, Rosengarten G, et al., A spatiotemporally resolved infection risk model for airborne transmission of
COVID-19 variants in indoor spaces. Sci. Total Environ. 2022. 812. https://doi.org/10.1016/j.scitotenv.2021.152592

Anand S, Krishan J, Sreekanth B, et al., A comprehensive modelling approach to estimate the transmissibility
of coronavirus and its variants from infected subjects in indoor environments. Sci. Rep. 2022. 12. https://doi.
0rg/10.1038/541598-022-17693-z

Ashcroft P, Lehtinen S, Angst DC, et al., Quantifying the impact of quarantine duration on COVID-19 transmission.
Elife. 2021. 10, 1-33. https://doi.org/10.7554/elife.63704

Cohen K, & Leshem A, Suppressing the impact of the COVID-19 pandemic using controlled testing and isolation.
Sci. Rep. 2021. 11. https://doi.org/10.1038/541598-021-85458-1

Albettar M, (Leon) Wang L, & Katal A, A real-time web tool for monitoring and mitigating indoor airborne COVID-
19 transmission risks at city scale. Sustain. cities Soc. 2022. 80. https://doi.org/10.1016/}.5¢5.2022.103810

Quilty BJ, Clifford S, Hellewell J, et al., Quarantine and testing strategies in contact tracing for SARS-CoV-2: a mod-
elling study. Lancet. Public Heal. 2021. 6, €175-e183. https://doi.org/10.1016/S2468-2667(20)30308-X

Schimmoller BJ, Trovéo NS, Isbell M, et al., COVID-19 Exposure Assessment Tool (CEAT): Exposure quantification
based on ventilation, infection prevalence, group characteristics, and behavior. Sci. Adv. 2022. 8. https://doi.
org/10.1126/sciadv.abq0593

Loeb M, Bartholomew A, Hashmi M, et al., Medical Masks Versus N95 Respirators for Preventing COVID-19 Among
Health Care Workers : A Randomized Trial. Ann. Intern. Med. 2022. 175, 1629-1639. https://doi.org/10.7326/
M22-1966

References

23

INQ000492325_0041



INQO000492325_0042



Annexes

Annex 1. Governance structure

Dr Soumya Swaminathan, the WHO Chief Scientist, was the Convening Lead for this tech-
nical consultation until her departure from WHO in December 2022, after which, this role
was assumed by the acting Chief Scientist, Dr John Reeder, then from 8 May 2023, by the new
incoming Chief Scientist, Dr Jeremy Farrar. The Chief Scientist was supported by a WHO Sec-
retariat who operationalized the project.

A project Working Group (WG) was convened, consisting of 10 representatives from key
agencies including the United States CDC, Africa Centres for Disease Control and Prevention,
European Centre for Disease Prevention and Control, China CDC, and selected highly cited
experts on this topic from academic institutions. Representatives from the key agencies listed
above were nominated by the agencies themselves, at the request of the WHO Chief Scientist.
The criteria for selecting experts who were highly cited was based on the most cited authors in
a scoping literature review of the existing definitions of airborne transmission of pathogens in
2021 (see Introduction), but also with consideration for geographical and gender balance within
the WG. This core group was considered a starting point for identifying other relevant global
experts who were currently active in this area due to the COVID-19 pandemic.

The WHO Secretariat proposed a WG Chair (Gagandeep Kang) and Co-Chair (Yuguo Li)
who were selected from the WG members, with confirmation of election by the WG. The remit
of the WG was to drive the consultation process, ensure the required diversity of viewpoints
were included (e.g. by suggesting names for the full global TCG), and to assist the Convening
Lead in reaching consensus to produce the final document. The list of members, their affiliations
and areas of expertise, who were involved in each part of the consultation process are included
in Annex 4.
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Annexes

Annex 3. Two processes undertaken for the consultation
process

Stage 1: Based on the results of the scoping literature review of the existing definitions of air-
borne transmission (see Introduction section), and an initial internal consultation, the WHO
Secretariat developed a Concept Note and a discussion document with a matrix of the:

o list of key questions (or domains) that needed consensus (i.e., where major disagree-
ment existed);

»  major differing viewpoints within each of those questions; and
o list of the potential (different) actionable ways to resolve those questions.

The WG members were selected by the WHO Secretariat (using the criteria outlined in the
Governance section in Annex 1) and were sent the Concept Note with an email inviting par-
ticipation. Two WG meetings were held virtually on 12 May 2022 and 10 June 2022 to collect
considered inputs into the first discussion document and suggested members for the wider, full
TCG (see Stage 2 below). In attendance at these meetings were ten members of the WG, the
WHO Chief Scientist, and the WHO Secretariat (see Annex 4).

Stage 2: The WHO Secretariat convened the full TCG, as follows:

o The full TCG consisted of the WG Chair, Co-Chair, the WG members plus additional
key, selected stakeholders/agencies, with wide multidisciplinary representation (see
Annex 4);

e Input was sought from this group via informal, but structured, targeted ways e.g., by
inviting detailed written comments on the discussion documents, and at three vir-
tual meetings to verbally exchange views and debate unresolved issues;

e TCG members were encouraged to share and discuss draft documents with their
relevant constituencies and collect, collate and provide written feedback to the WHO
Secretariat.

o The first virtual meeting of the full TCG took place on 17 June 2022 and was followed
by an opportunity to provide written feedback on a first draft document;

o This, and all subsequent, drafts were prepared by the WHO Secretariat and approved
by the TCG Chair and Co-Chair prior to distribution for feedback;

e Atotal of 41 technical experts were consulted (see Annex 4). Thirty-one experts pro-
vided written feedback and a further eight individuals provided verbal-only input via
their contributions at the virtual meetings. Four experts were invited to contribute
and accepted but did not provide either verbal or written input;

o Following these consultations, the WHO Secretariat, with assistance from the WG
Chair and Co-Chair, revised the draft document and circulated it to the full TCG
on 23 October 2022, with a deadline for feedback of 7 November 2022. The feedback
provided by the TCG to that point in time was shared with members of the group on
27 October 2022;

* A second virtual meeting of the TCG was held on 11 November 2022 at which
remaining unresolved issues were discussed and dissenting views were noted;

» A revised version of the document was circulated to the TCG on 19 December 2022.
TCG members were asked to seek and return further consolidated feedback from
their respective constituencies by 31 January 2023;

» Inresponse to this version of the document, 523 individual comments were received
by the WHO Secretariat. This large amount of detailed input was collated and sum-
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marized during February-March 2023. A revised version was drafted and made ready
for circulation in mid-April 2023;

e At the request of the WHO Director-General, a hybrid third TCG meeting (in
Geneva and online) was held over two days on 27-28 April 2023. All TCG members
and the relevant WHO technical leads were invited to attend, along with several
additional commentators who had previously expressed views on the topic. 34 TCG
members, 31 WHO staff and 23 additional commentators were able to attend at least
some parts of this hybrid meeting;

e A revised version was drafted in response to these inputs and was sent to the TCG
members for inputs on 16 June 2023, with a request for inputs by 7 July 2023;

o A final, virtual, fourth meeting of the TCG was convened on 4 August 2023 where
any remaining input was received and discussed;

e The revised version was shared on 8" September and the final version on 16" Novem-
ber 2023;

e Discussions with the relevant agencies regarding endorsement and publication was
then undertaken and the final document was published in April 2024.

As with the development of many other WHO normative products, the decision-making pro-
cess used for this consultation was to aim for consensus among the contributing experts. As
per the WHO Quality Assurance Handbook for normative product development (In publica-
tion), the process of reaching consensus in group decision-making always involves discussion
and compromise to arrive at a decision that is acceptable to all parties and is a process whereby
the consent of all group members is pursued. When consensus is said to have been reached, it
generally means that every group member finds the proposed resolution acceptable - or at least
lends it support, even if less than wholeheartedly.
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Annex 5. Summary of discussions

Areas of overall general agreement

The discussions of the global TCG, and engagement with others in the group’s jurisdictions
during the consultation, have resulted in alignment on the following issues:

o IRPs exist on a continuum spectrum of sizes, and no definitive cut off points should
be applied to distinguish smaller from larger particles. Recognition of the continuum
spectrum of sizes allows to move away from the dichotomy of previous and com-
monly known terms, such as ‘aerosols’ (generally smaller particles) and ‘droplets’
(generally larger particles);

e There was a consensus about how IRPs are expelled within a turbulent puff cloud
that moves through the air following emission from the human respiratory tract of
an infected person. The trajectory of IRPs is influenced by many factors including
the force and volume of exhalation as well as including several environmental condi-
tions, such as ambient air temperature, humidity, airflow magnitude and velocity and
distribution within a space. These factors coupled with the pathogen’s viability and
infectivity in the IRPs contribute to the transmission probability;

o There was agreement on the importance of adequate ventilation and airflow patterns
within indoor spaces to help mitigate the risk of transmission of IRPs;

o It was agreed that different pathogens can have different predominant, or mixes of,
modes of transmission. In addition, pathogens vary in their frequency, virulence,
treatability, and potential impact on hosts and society. This means that transmis-
sion prevention and mitigation measures need to be tailored differently for different
pathogens and settings. Hence, pathogen- and setting-specific guidance regarding
mitigation measures, including IPC guidance, is needed. There was recognition that
lumping mitigation measures for all transmission modes, for all pathogens, into
one basket, and trying to apply a “one size fits all” approach would be incorrect or
impractical;

e Despite a need to tailor mitigation measures to account for different transmission
scenarios as described above, most, but not all, agreed that using the more general
and broader term of ‘transmission through the air’ to refer to the overall concept of
pathogens being transmitted through the air, and to cover the airborne transmis-
sion/inhalation and direct deposition modes of transmission of IRPs outlined in this
document, was a useful descriptor, particularly when trying to explain these complex
concepts to the general public.

Areas of non-consensus and concern regarding consequences

Itis recognized that several revisions of existing terminology that have been put forth as a result
of this global technical consultation (and summarized above) could have major ramifications
for the use of those terms in other disciplines.

If, as is recognized herewith, smaller IRPs are capable of being transmitted at both short-
and long-range, then to effectively counteract this risk, full (what is now known as) ‘airborne
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precautions’, which involves substantive IPC measures, such as use of respirators, with or with-
out specialized hospital rooms etc., may need to be applied to all those at risk of the disease,
if a precautionary principle is to be applied or applied selectively depending on the frequency,
morbidity, and treatment options for different pathogens (which may vary widely between and
within countries). This would have legal, logistic, operational and financial consequences that
have global implications with regards to equity and access.
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For further information, contact:

Science Division
World Health Organization
20 avenue Appia 9789240089181

1211 Geneva 27

Switzerland

Email: ttatconsult@who.int

Website: https://www.who.int/our-work/science-division

91789240 1 089181
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