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I — g€ The need for this research

Harnessing the power of healthy remains in light of the

buildings research to advance health for po’renﬂgl for new and old

all pandi&mics, and for
confinued explorafion of how

building systems may play a

r buildings. As cons

Joseph G. Allen ™ & Michael S. Waring &

t':JIlHIH"g( an

opportuni 15 of 40% of energy

role in mitigafing fransmission.”

5, but also have the potentia mitigate emissions by

globally, bu

itribute greatly to

greenhouse gas

way of efficient improvements. Buildings alse influence our health

directly from the time we spend in them, due to our exposure to air p— Joseph A"en & MiChdel WGring

pollution of both outdoor and indoor origin, as well as their

— December 2, 2019
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Your Building Can Make
You Sick or Keep You Well

. g = e Proper ventilation, hltration and humidity reduce the spread of
B U | |d I n g S -I-h O 1. fl g hT d IS e O S e - pathogens like the new coronavirus.

Alle Healthy Buildings program at Harvard T.H. Chan School of

...and Promote Health
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The Washington Post Che New Jork Times

1:-":::.;“1[1(,; keep ignoring the possibility of airborne YOllr B“llding Can Make
transmission. Here’s how to address it. You SlC]{ or Keep You Well

Proper ventilation, filtration and humidity reduce the spread of

pathogens like the new coronavirus.

By Joseph G,Is!n

Dr. Allen 1s director of the Healthy Buildings program at Harvard T.H. Chan School of
Public Health

n by Joseph Allen
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Aerosol Physics

Rapid evaporation
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derosols

Number of droplets/

SOURCE: Evaporation transformation based on Duguid (1946) and Marr, L. C., et al. (2019).
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Most particles <10 um
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Counting
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SOURCE: Morawska, L., et al. (2009). Size distribution and sites of origin of droplets expelled

from the human respiratory fract during expiratory activities, Journal of Aerosol Science, 40,
257-269.
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Most particles <10 um
Higher viral load
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“Viral load does not scale with volume, but rather is
enhanced in smaller aerosols for influenza”

« Duguid
Papineni & Rosenthal -OPC DATA
Almstrand et al. -OPC DATA (for tidal breathing)
Loudon & Roberts

Johnson’s fit (BLO
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SOURCE: Linsey Mairr, citing Yan, J. et al. (2018); Yang. W., Elankumaran, S., & Marr, L. C.
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Aerosol Physics

Rapid evaporation

Dar:!cie diameter

Most rficles <10 um e
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Higher viral load
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% dynamic viscosity of air
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Aerosol Physics

Rapid evaporation

Most particles <10 um Low indoor air velocity (5 cm/s)

Higher viral load : —
| 14 trajectory of P
Small particles stay aloft 12 . q | 10 um
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Aerosol Physics
Rapid evaporation
Most particles <10 um
Higher viral load
Small particles stay aloft
Sefttling distance

Air Sampling
RNA in hospitals
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EDITORIAL () Free Access

Recognizing and controlling airborne transmission of
SARS-CoV-2 in indoor environments

Joseph G. Allen, Linsey C. Marr =4

{19 June 2020 Dzettps:ﬂdoi.org/mj 111/ina.12697

SARS COV-2 viral RNA in air
>2M distance in hospital
« Also found in air exhaust and fan
«  Majority of viruses in particles <2.5 um
« Another found majority in 1-4 um
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Aerosol Physics
Rapid evaporation
Most particles <10 um
Higher viral load
Small particles stay aloft
Seftling distance

Air Sampling
RNA in hospitals
Viable virus at 16 feet

Note: 6 ACH +
MERYV 14

SOURCE: Lednicky et al. (preprint)
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Aerosol Physics
Rapid evaporation
Most particles <10 um
Higher viral load
Small particles stay aloft
Sefttling distance

Air Sampling
RNA in hospitals
Viable virus at 16 feet

Case Studies
Restaurant

SOURCE: Li et al. (preprint)
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Aerosol Physics

Rapid evaporation

Most particles <10 um
Higher viral load

o,[] Ed

Small particles stay aloft

Seftling distance
Air Sampling
RNA in hospitals
Viable virus at 16 feet
Case Studies
Restaurant
Hospital

0 OC
0

12 1

SOURCE: Report into a nosocomial outbreak of coronavirus disease 2019 (COVID-19) at
Netcare St. Augustine's Hospital]. May 15, 2020
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Aerosol Physics
Rapid evaporation
Most particles <10 um
Higher viral load
Small particles stay aloft
Seftling distance

Air Sampling
RNA in hospitals
Viable virus at 16 feet

Case Studies
Restaurant
Hospital
Choir practice
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After choir practice with one symptomatic person,
87% of group developed COVID-19

alaalalalalaialalajajale
2lalalalalalalalalalaia
Rlalalalalala[alala]a (]
2lalalalala[’]2]A[R]2 (]

AREARRRRRRRA

index case @® 352 confirmed and 20 probable cases @ unaffected person

» Avoid groups
COVID-19 spreads easily - Stay at least 6 feet apart
» Wear face coverings

CDC.GOV bit.ly/MMWR51220

SOURCE: Miller et al. Transmission of SARS-CoV-2 by inhalation of respiratory aerosol in the
Skagit Valley Chorale superspreading event. Preprint.
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Aerosol Physics
Rapid evaporation
Most particles <10 um
Higher viral load
Small particles stay aloft
Settling distance

Air Sampling
RNA in hospitals
Viable virus at 16 feet

Case Studies
Restaurant
Hospital
Choir practice
Cruise Ship

Estimated Infection Contribution

HEALTHY BUILDINGS
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Mechanistic Transmission Modeling of COVID-19 on the Diamond
Princess Cruise Ship Demonstrates the Importance of Aerosol Transmission

Parham Azimi, Zahra Keshavarz. Jose Guillermo Cedeno Laurent, Brent R. Stephens, Joseph G. Allen

doi: https://doi.org/10.1101/2020.07.13.20153049

Transmission Mode Viral Source
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Aerosol Physics

Rapid evaporation Eh': {Uﬂlﬁhmgtﬂn 1305’[ L ib: a.irborne.-
transmission so important?

Most particles <10 um

Higher viral load We cannot keep ignoring the possibility of One reason: super-spreader

Small particles stay aloft ?f_m”"""' R T i e events.
Settling distance

Air Sampling
RNA in hospitals
Viable virus at 16 feet

Case Studies

« Nearly all outbreaks >3
indoors

» 10% of cases cause 80% of

Restaurant e

Hospital S

Choir practice | ’ « Ry value of 5.7 (95% Cl 3.8-
e 8.9)

Cruise Ship
Epidemiology
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‘ ) Joseph Allen @) g allen - Aug 5

., ¥ ME: Why do you thlnk CDC and WHO have been so reluctant to
- acknowledge airborne transmission? Do you think it's happening?

FAUCI: This is an area that right now | have brought this to the task force to
really take a really good look at this.

Thank you, Dr. Fauci
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" ) Joseph Allen @] g allen - Aug 5
5, # ME: Why do you
L v

acknowledge air

@ HARVARD
FAUCI: This is an MEDICAL SCHOO
really take a real

Thank you, Dr. F; SARS-CoV-2 Transmission

Transmission between people in close contact

Transmission via particles that remain in the air ’
over time and distance

Infected surfaces

Virus found in stool, blood, semen and ocular
secretions; role in transmission .
unknown

Animals (including domesticated§
major source of human infection

Or. Antioryy 5 Fax




BU”_DlNG ':} FOR HEALTH m !I..!a,ncv#:: SCHOOL OF PUBLIC HEALTH

HEALTHY BUILDINGS

FFORHEALTH | forhesith.org

" Joseph Allen @j g allen - Aug 5
§ ME: Why do you

acknowledge air @ HARVARD

FAUCI: This is ar|
really take a real

Thank you, Dr. F{

SARS-CoV-2 Transmi r
B Transmission between Commission Statement

M Transmission via partic b
over time and distance

B Infected suriscse Lancet COVID-19 Commission Statement on the occasionof @y ®

W Virus found in stool, bl {16 75th session of the UN General Assembly
secretions; role in trans|

unknown The Lot IV 19 Commesioners, Tosk Force Chors, and Corm won Secreranat

[ ] A'“mals (lﬂcludlng dom FI‘.l"-fLulll.lr' summary
major source of human

COVID-19 Commission was launched on  imr

"Mitigating airborne transmission is especially
crucial for reducing the risk of superspreader
events."
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[ LiveTV = | =
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Updated CDC guidance acknowledges coronavirus can
spread through the air

By Naomi Thomas, CNN

Updated 10:15 PM EDT, Sun September 20, 2020 [}
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| Live TV

mhealth Food Fitness Wellness Parenting Vital Signs LIVE TV Edition ~ (O

o CDC abruptly removes guidance about airborne
iiihiad coronavirus transmission, says update 'hgvas posted in
error'

By Jamie Gumbrecht, Jen Christensen, Elizabeth Cohen and Naomi Thomas, CNN

Updated 4:41 AM ET, Tue September 22, 202(
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| Live TV

Updated CDC auidance acknowlednee caoranaviriie can

Spre mheﬁlth Food Fitness Wellness Parenting Vital Signs LIVE TV  Edition v ()
., wn  CDC abruptly removes guidance about airborne
Updated COI‘OI‘laVi rus transmi . El-,c -l]ﬂag]]ington 1‘]05t

l . .
error Democracy Dies in Darkness
By Jamie Gumbrecht, Jen Christensen, Elizabeth C

(® Updated 4:41 AM ET, Tue September 22, 2020

Opinions Editorial Board  Global Opinions  The Opinions Essay  Elec

Opinions

Yes, airborne transmission is
happening. The CDC needs to set
the record straight.
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Billings
19th Century

" | 1AL
Standard 42

1973

icior

18t Ceni.ury

First idea that CO, e _- f ’
; Ventil nrates 151/ that 1 x . E h t
buildup rather than O, enpiaion rates 154/ % Seported ha 5 L;s_ o Their report issued a Lower rates in order to C anged requuemen fo
: per person based on person was not jusfified i pite include outdoor air per
depletion was Sl ; ) standard requiring reduce building energy ;
. p hygienic concerms due and that 5to 7.5 L/s per e 2 person and outdoor air
responsible for “bad : . venfilation in all rooms consumption ks
bk to organic exhalations person was adequate requirement per area
air” indoors
Estimated appropriate Flugge agreed causes Studied odor levels Standard contained Eliminated CEN doesn't set
level of fresh air of discomfort are as a function of “minimum recommended distinction requirements for ventilation,
needed to sustain life in excessive temperatures ventfilation rates air quantities for between smoking only defines framework for
enclosed environments and unpleasant odors (8 L/s confrolled odors) preservation of health, and nonsmoking national standards

safety, well-being” spaces
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“ Cleanliness, fresh air from open windows,
are the only defence a frue nurse either
asks or needs.” .
| have seen fo be most effectual: open air
during the greater parf of the day... [and]
bedroom ventilation af night.”

- Florence Nightingale (1860)




Control Strategies for
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Airborne Transmission
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RISK REDUCTION
STRATEGIES FOR
REOPENING SCHOOLS

TABLE OF CONTENTS

Executive Summary
Introduction and Background

0 Healthy Classrooms
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Healthy Schedules
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VENTILATE WITH OUTDOOR AIR
HVAC S‘_fSTEM?

Open system
dampers windows

INCREASE FILTER EFFICIENCY
A HVAC SYSTEM?

Upgrade
system filters
to =2MERV13
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Minimizing Risk in the Workplace

Using a hierarchy of controls as a resg §

framewc s can take arange

of actions : =ffectiveness Wear masks

ind financial img 2ach - to combat
Covid-19 in their buildings
m Administrative Dedensify workspaces,
% Review controls insfitute social distancing
o l—
S
O
What Makes an Office Building “Healthy" o k
. £ Engineering Healthy buildings
4] controls in spaces
[}
£
L)
a
e “n Workers in
Substitution of activities TN
critical jobs return
Elirinat f Work-from-home

e IMminaflion ol exposure policies

SOURCE: Allen, J.G. and Macomber, J. T

What makes an office building “healthy"?

Harvard Business Review. April 29, 2020. High Effectiveness High
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WORKING KNOWLEDGE

Business Research for Business Leaders

03 JUN 2020 | by John Mac and Joseph Allen
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Beyond Covid-19
A

Resiliency
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The Global Mega-Changes Shaping our World, our Buildings and Us

From chapter 2 Healthy Buildings: How Indoor Spaces Drive Performance and Productivity

CHANGING
POPULATIONS

CHANGING
DEFINITION OF
HEALTH

HEALTHY
BUILDINGS

nnnnnnnnnnnnnnnn

=== Harvard University Press

CHANGING
RESOURCES

CHANGING
BUILDINGS

PN

¢

== | HARVARD TH.CHAN @ HARVARD

1
+ SCHOOL OF PUBLIC HEALTH ESHNEAS SENDOL

CHANGING
WORK

CHANGING
TECHNOLOGY

CHANGING
ROLE OF
PRIVATE SECTOR

CHANGING
VALUES
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