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Learning Objectives

1.Explain the value of utilizing human physiological data as a metric
for overall building health and operation

2.Describe the impacts of indoor air quality on the human body, the
microbiome of the built environment, and the transmission of disease-
causing microbes

3.List new research supporting the health benefits of indoor air quality

4.Participate in ASHRAE and FGI discussions on best-practice indoor
management for occupied buildings



IS THIS QUESTION ON YOUR MIND?

How can we restore
safety and confidence
In re-occupying
buildings?




PRESENTATION OVERVIEW

A. Medicine and Buildings = Travelling Across Silos

B. Studies on Life Indoors » |ndoor Environments and Health

C. Scaling Health Visibility = COVID and Beyond



PRESENTATION OVERVIEW

A. Medicine and Buildings = Travelling Across Silos



MY JOURNEY WITH BUILDINGS AND HEALTH 0 ¢




MY EARLY FOCUS ON INFECTIOUS DISEASE

Harvard Medical School
Chief-of-Surgery, Judah
Folkman, M.D.

working with medical student
S. Taylor, 1986

Wewack General Hospital,
Papua New Guinea 1983




WHY DO 1,700,000 PATIENTS/YEAR GET A

HEALTHCARE-ASSOCIATED INFECTION IN USA?
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OUR INDOOR ENVIROMENT HAS EVOLVED

Timeline: 10,000 BC 800 BC - 500 AC 1900 AC 2021
fimitive housin industrial revolution: post-industrial
— P nousing. simple sanitation, central sewage & water cities, tighter buildings,
Housing: no sanitation : : :
systems in rural villages systems, dryer and warmer indoor

heating, electricity air




YET, AS WE MOVE INDOORS — DISEASES ESCALATE

Timeline: 10,000 BC 800 BC - 500 AC 1900 AC 2021
Ny : industrial revolution: post-industrial
primitive housing, . L " ) o
. . simple sanitation, central sewage & water cities, tighter buildings,
Housing: no sanitation : : .
in rural villages systems, dryer and warmer indoor
systems . .. :
heating, electricity air
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INFECTIOUS AND INFLAMMATORY DISEASES




NOW WE ARE FACED WITH COVID-19 DUE TO A
MUTATED CORONAVIRUS




IN FACT, ALL PANDEMICS ARE CAUSED BY MICROBES
THAT EASILY ADAPT TO NEW CONDITIONS
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Tissue Culture Metagenomics 2018



MANY GOOD MICROBES COHABITATE WITH US
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A person sheds approximately
37 million microbes per hour

Into the surrounding air and onto
surfaces

The indoor environment determines
which microbes will survive
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CORRECTING MISCONCEPTIONS

Historical (and Incorrect) Modern (and Correct)
Approach to Hygiene Approach to Hygiene

“All microbes are bad germs that require total “Good microbes are essential to our health.”
eradication."
In fact, only a small percentage of microbes Overzealous disinfection can result in

are disease causing pathogens. takeover by pathogens.



PRESENTATION OVERVIEW

B. Studies on Life Indoors » |ndoor Environments and Health






HOW DO WE PROTECT OURSELVES FROM THE BAD MICROBES?




THERE ARE 3 WAYS TO REDUCE COVID-19 INFECTIONS / ~~

\

1.
Restrict your viral Manage the indoor Take care of your
exposure environment health and immunity

AN



FLYING CANARIES WERE USED TO ASSESS IAQ IN MINES




What is your building’s Health Impact Rating?




NEW PATIENT INFECTIONS AND THE INDOOR ENVIRONMENT

Study design
Compared patient room data to hospital
associated infections to determine key
drivers

Temperature

EEE

Staff & visitor hand cleaning

Room pressurization
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Outdoor air fractions

Academic Hospital: 10 rooms, 13 months, 8M datapoints



AS PATIENT ROOM RH WHEN DOWN, INFECTIONS WENT UP!
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Healthcare-Associated Infections
in 10 monitored patient rooms
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INDOOR-AIR RH AND HEALTH OUTCOMES

A LONG-TERM SENIOR CARE FACILITY

74 bed residential care for elderly patients, in northern Vermont



INFECTION RATES WERE LOWEST WHEN

INDOOR RH = 40-60%

Avg # of
infections
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40 % 60 %

Indoor RH

Respiratory
(bacterial & viral)

Gastrointestinal
(Noro-virus, C
diff)

Urinary tract
infections

Cellulitis

Eye infections



IN THE LAB, RH 40% INACTIVATED INFLUENZA A VIRUS /("
IN 1% MINUTES 7 )
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CASE CONTROLLED STUDY IN A PRE-SCHOOL

Humidification Decreased Influenza A
lliness in Children
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Half of the classrooms were humidified,
the other half were not

RH of % Airborne Particles Virulence of Airborne # Children Absent Due

Classrooms Carrying Virus (PCR) Virus to Influenza lliness

20% 49% 75% e

45% 19% 35% 9




RH: SPEED OF INACTIVATION OF SARS CORONVIRUS
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WHAT HAPPENS INSIDE DROPLETS AT DIFFERENT

AMBIENT HUMIDITY LEVELS?

Exiting airways Indoor RH
with RH 100% over 40%

50 um

Pathogens are inactivated
by mid-range salit
concentrations (reducing
risk for transmission)

Indoor RH
below 40%

O———0
3.9 um

Pathogens are
preserved by high salt
concentrations
(creating higher risk for
transmission)



EXPLORING THE POTENTIAL ROLE OF INDOOR CLIMATE IN
GLOBAL COVID-19 OUTCOMES

Harvard-MIT Health Sciences and Technology
Boston, MA 02139

Stephanie Taylor
Connor Verheyen

Submitted to Nature i X
Lydia Bourouiba



WHY ARE COVID-19 OUTBREAKS REGIONAL?

Number of deaths in March 2020
Copernicus COVID-19 climate viewer




THE CATEGORIES OF DATA THAT WE ANALYZED

Government Policies and Public Health Measures

School closing, workplace closing, cancel public events, restrictions on
gatherings, close public transport, stay at home requirements, restrictions
on internal movement, international travel controls, income support,
debt/contract relief, fiscal measures, international support, public
information campaigns, testing policy, contact tracing, emergency
investment in healthcare, investment in vaccines

Demographics, Socioeconomics, and Testing

Ambient Environmental Variables

Daily outdoor temperature, daily UV, daily surface pressure, daily
precipitation rate, daily wind speed, daily dewpoint, daily outdoor relative
humidity, daily outdoor absolute humidity, standard human thermal
comfort zone, daily extrapolated indoor relative humidity

Population, population density, median age, aged 65 and older, aged 70
and older, life expectancy, cardiovascular disease death rate, diabetes
prevalence, GDP per capita, extreme poverty, handwashing facilities,
hospital beds per thousand, total tests, new tests, total tests per
thousand, new tests per thousand




OUR STATISTICAL ANALYSIS WAS INSANELY THOROUG

Long. /contradiscal meagrnational formatiof Testing pdontact tr: ling cylr ilyTemp({yDewpoinpailyRH(%hilyAH(g/r G

18.91728 4.688601 ¥ 1.666387 1709244 3.672269 0. 0.991597 3.68E+08 (1941176 1.171429 0.902521 235142 X X 9.652275 48.25886| 1027356 4052632
7754048 17.1875 27.71047 23.05602 2444643 19375 3.146429 1394643 1876786 1.739286 3.408929 0.635714 0955357 1.89E+09 1944643 1435714 12625 6662028 5880.027 1702.469 81.99618 81.99618 17.7501 8.099417 56.93456 9.490243 42.50555
17 24.72997 17.77683|2.919643 2.483929  1.9375 3248214 1333929 1591071 1792857 3.578571 0.964286 0.905357 5.46E+08 181568.8| 19375 1.621429 1.408929 6433239 2482143 3755.666 82.00025 82.00025 1816351

17 3166911 17.95828 2728571 2.107143 175 3255357 0.985714 17125 1532143 3.439286 0.914286 1201786 4.35E+08 9615013 19125 16375 1482143 7478526 339950 7953.691 76.19564 76.19564 17.40583 5.356607 5041383 7.691704 33.94446
17 42.28395 -1.38972 2.789286 2.358929 1.932143 0.673214 1.676786 1.571429 2.976786 1.223214 1.194643I5I86E408 5208490 1891071 1566071 0.982143 [lGIO5EFOBNSAA0844 31227.39 71.60661 71.60661 9.928832 2.161398 61135928 6.309211 32.58704
17 1555273 17.6791) 2 1 0 0 1 1 0 0 632.0571] 83.07/25,:81602 8.421035 56.21826 8.048488 36.06358
17 32.39585 20.6638 1.742857 0.942857 4267952 0| 1.428571 1.257143 4659.371 0 1673.029 82.21686 17.0372 4.256694 61.15277 6.398449 34.81694
17 21.21035 23.95215, 3.128571 1.342857 0.957143 13771429 o 19.4691 62.56906 48.48741
17 30.68765 3728571 1 36408 o 8365143 16.95343 5.649035 49.45537 7.024952 2829936

&

73.48557 9.40207 1709646/ 60.25415 5.454722 29.79375
79.86908 973413 51.40246) 10.45849 40.71398
73.28804 20,8969 9.345283 53.70806 10.35837 42.40668

1651225 22.77171
17.1875 27.60758

17 24.43001 8470616 15.60585 5.693581 55.88996 7.973235 39.17844
17 28.42284 83.94500 18.25563 9.526417 60.93188 10.9009 48.61738
17 41.83775 68.54577 10.19627 1.952289 60.20498 6.182353 31.88599
17 157835 1685714 1 0 632.0571 80.84686 8084686 8421035 60.38914 8.048488 36.06358
17 3125 1514286 1671429 1.742857 0771429 3656202 1878.757 79.32371 79.32371 6.080192 55.8978 7.046422 34.81694
17 3139585

9 1914286 = .
15 0.9 0.957143 23200330 X 15.06276 4724129 57.21708 6.657284 33.18075
X X 057, 2111318 9.510983 58.34394 8.962872 40.45749
0

1]
X 0.6 1.657143 1.657143 3| 1 16693.43 73.02786 73.02786 9.712685 1.70964661.32801 5.454722 29.79375
17.13971 25.45933 14. 2.132773/1.941176 3.006723 1.206723 1.666387 1.636975 3.638655 0.853782 1.043697 1.77E+08 1.405042 0.996639 235689.8| 2336134 1010.726 78.90218 78.90218)23.09364 10.05899 52.52931/10:74396 41.66122

16.52083 28.08971 34.13301, 2017857 18125 2891071 11875 1467857 1626786 3.110714 0775 0.9875 2.55E+09 1.45 1317857 2282456 5880.027 2883.519 74.29146 74.29146 18.73866 7.050231 53.39968 8.890366 39.18201 o o O
1.546429 1.601786 14707200 339950 5019.834|83.90659 83.80659 17.31486 7.490169 56.30604 9.099435 41.37169 s e rl es a n a S I s a n O re as I n
1608929 1.151786 3583556 1938.741 5830.139| 84,9437 84.9437 19.106 10.11053 60.79231 11.09388 49.48622

&

8
B

7 2258087 9.659463 23785712 3335714 1.251786 1.880357 1.805357 3.773214 0.678571 1.057143 2.16E+08

17 26.50564 10.59466| 2982143 2.508929  1.9375 3366071 1.498214 1967857 1.748214 3.583929 0.969643 1175 2.86E+08 6.4, 1.944643

17 42.26635 -7.19462 ¥ 1.807143 2782143 0.605357 1.541071 1.532143 2.971429 1.160714 0.982143[I5IBBEH08 5208490 1.891071 1.407143 0.964286| 30585.23 68.37063 6837063 10.07087 1.521479  59.03958 6.027856 31.04212
17 17.6078 21.7587 2. 3 1.685714 1771429 1 1 o 0| 1.114286 1 o 0 932.0571 80.84686 80.84686 8.502765 60.05466 8.292421 36.50775
17 34.5 28.16165, . 1.5 1.785714 1.914286 3.357143 0.771429 1 1824456 1.528571 1.128571 o 0 1704.7 80.40929 80.40929 14.83386 3.893788 55.99198 6.30016 30.39542
17 27.5 20.2546 3.628571 1.185714 0.714286 1 23200330 % 2.957143 0 4402.629 16.72165 7.585006 57.21708 7.943321 36.15555
17 27.01695 12.02595 1814286 0.971429 1.328571 26414286 1785714 1 310527.2 0 529 .53942 9.510983/65.46109 8.962872 40.45749
17 46.5229 4.64565 2.94285: 3 0.6 1.657143 1.657143 3.214286 0.928571 5.61E+08 112868715 0 22743.81 73.02786 73.02786 9.40207 1.426752 60.25415 5.356668 29.25818

16.96324 27.81066 23736011 3 230251 1941176 2885076 1147899 1494958 1605042 3344538 0826891 103916 7 35408 1465546 1161345 873636 3| 2336134 1287749 7753539 77.53530 22,1060 9,018999 52.32475| 10.24184 40,4155

16.70833 27.71306 1904603 18125 3116071 125 1783529 1692857 3578571 0939286 1157143 1826409 17675 1323214 11375 6613606 5380.027 2847 654 7833439 7833439 19,3687 8784 5563125 9806384 42.84873

18.68256 11.46255 2.925 2,283929- 3.360714 1.314286 1.708929 1.778571 3.617857 0.578571 0.703571 2.85E+08 1.671429 1.544643 4981311 339950 4860.282 82.42209 82.42209 18.58845 8.192945 56.3055 9.587666 42.25579

27.88706 17. 19376- 2.428571 1.9375 3.219643 1.314286 3.685714 0.908929 1.226786 4.97E+08 170833.3 1.944643 1.546429 1.214286 9751375 1938.741 5977.984 82.91302 82.91302 18.1057 8.478274 58.03644 10.10808 45.62946
| 6.94E:08 3447905 2

17 42.66161 -8.1896 2.664286 1.807143 2.803571 0.726786 1551786 1.598214 2.869643 1.185714 1.055357) 5230683 1.891071 1.407143 0.964286 30338.44 69.29509 69.29509 10.21676 1.821186 59.7317 6.142906 31.67053
17 2 3 1 1357143/ 35828571 0.571429 1.285714 2147571 1657143 0 0 1132.64380.24229 80.24229) 2166674 55.0529 5.582395 30.4911
17 3139585 i 0 1128571 0 0 1817.936) 18.89418 6533106 61.15277 7.366214 35.64619
17 2 3.428571 1514286 1942857 0728571 0614286 9558086 757 0 0 4227.957 84716  84.716 17.34833 7.145077 59.44993 7.545936 34.96831
17 29.2046 3785714 1 1.871429 0.871429 1.328571 2.36E+08 1.028571 1790528 0 5296/83.44129 83.44129 21.11318 6.091389 57.79694 7.166301 32.25987
17 4832297 3.10685| 2.942857 2. 3 0628571 1657143 1.814286 1 3.78E+08 1378738 0 22743.81 73.36743 73.36743 9.712685 1.709646  61.32801 5.454722 29.79375

Unsupervised and supervised
machine learning approaches

Causal inference and graphical
Bayesian network analysis




CASES AND DEATHS WERE LOWEST WHEN N

INDOOR RH WAS 40-60% @c{»}
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THERE ARE 3 WAYS TO PROTECT PEOPLE

N
\ —_—
! D -
1 2.
Restrict your viral Manage the indoor Take care of your
exposure environment health and immunity

AN



A KEY STUDY PUBLISHED IN 2019

“Low ambient
humidity impairs
barrier function and
Innate resistance
against influenza
infection”

Proceedings of the National
Academy of Sciences, USA. May
2019

E Kudo, E Song, L Yockey,
T Rakib, P Wong, R Homer,
A lwasaki




AT RH 50% OUR BODY PROTECTS US FROM
RESPIRATORY INFECTIONS

1. Physical barrier: Mucus
production and ciliary
clearance

2. Innate immunity:
Type | IFN and Interferon
stimulated genes (ISGs)

Interfe ronOO

o % pciate @9

Dendritic cell T cell

Macrophage




ALL OF THESE IMMUNE DEFENSE STEPS ARE u | >
IMPAIRED AT RH 20% AND ARE OPTIMAL AT 50% °

. T N,
Improved muco-ciliary ~ 2 T~“’
clearance * —

Enhanced protection
induced by Interferon

Decreased
inflammation and Enhanced
tissue
repair

tissue damage -
A



THREE DIMENSIONS OF RH 40-60% PROTECTION

2k, Respiratory immune Virus “float” time Virus survival time
\ system efficiency

RH < 40% - Q- (O rows

RH 40% — 60%




TAYLOR CHART 2019

Low infectivity
Virus (lipid membrane)
influenza, coronavirus, RSV, parainfl.
measles, rubella, herpes

Virus (non-lipid membrane)

Bacteria (Gram neg)
Legionella (aerosolized)
Bacteria (Gram pos)

Mycoplasma (no cell wall)

Human illness from infections Healthiest humans Human iliness from infect

Adult in-patients (acute care)

Bderly patients in long-term care

Pre-school children

Employee productivity

Employee sleep quality
Student learning

10 20 30 40 50



THE President of Leapfrog Hospital Safety, Leah Binder

Forbes blog: Scientists Say This One Move Could Beat Back The Covid-19 Surge,
If People Only Knew About It

A few months before most of us knew the word
“coronavirus,” I interviewed a leading cellular
biologist at Harvard Medical School, Dr. Stephanie
Taylor, on how people can protect themselves from
the flu. Her answer was surprising: properly
humidify your indoor spaces, starting with
your own house. This can lower your risk of
infection by as much as 60%. Now she has an
update: the same advice holds true for the virus that
causes Covid-19.




HUMIDIEICATION IS USED WHEN THE FINANCIAL /\T]
BENEFITS ARE CLEAR allln

National Institute of

Health animal facility NASA spacecraft Louvre

Replacement cost of a primate: Cost to train an astronaut: Mona Lisa value:
$22,000 $50 million (in 2006) $780 million

RH 40%-60% RH 40%-60% RH 40%-60%
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AN EXAMPLE OF HUMIDIFICATION FOR HUMANS!

“Arrrgghh, Why
didn’t we humidify

our air sooner?!?”




PRESENTATION OVERVIEW

C. Scaling Health Visibility = COVID and Beyond



HOW CAN WE STUDY IAQ AND HEALTH?

o
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IMPACT ON OCCUPANT HEALTH

Particle e Infectious microbes
levels and

e e Inflammatory response

Low carbon
fuel
consumption

Occupant il Exposure e Organic compounds
comfort d to toxins e Polar molecules

: e Immune system
Aesthetics Thermal

and real conditions * Physiology
estate value e Building Microbiome



UNDERSTANDING THE RISKS / BENEFITS

Increased outdoor air ventilation
* Access to sunlight

« Ultraviolet light irradiation

« Bipolar ionization i
 Hydrogen peroxide misting ?
- HVAC filtration
* Midrange humidity control

* Other




AN ESSENTIAL NEW APPROACH

PSR

SO

Continuous Indoor Air Monitoring
through the Lens of Human Health

iIndoor air thermal metrics
particle counts and densities
microbial populations
volatile organic compounds

relevant gases



HEALTH AND ENERGY MANAGEMENT CAN WORK o=@
TOGETHER EEG)

A'S HRAE
JOURNAL
Improving IEQ
To Reduce Transmission

Of Airborne Pathogens
In Cold Climates

Stephanie Taylor, MD, Michael Scofield, ASHRAE Fellow, Patricia Graef, PE, ASHRAE Fellow
September 2020 issue




COVID-19 REMINDS US THAT BUILDINGS IMPACT u
. ©

N 00

90% 11,000 80% 9%

of our lives are spent liters of air are inhaled of Influenza viruses are decreased productivity
indoors every day inactivated within 15 possible due to air quality
minutes of humidity
between 40-60%




WE CAN (and must) CORRECT THIS TREND /\

timeline: 10,000 BC 800 BC - 500 AC 1900 AC 2020

industrial revolution:

housing: prlrr:\()ltslzreﬂ::\;[tijs:]ng, simple sanitation, central sewage & water Me.asu re,
g: e in rural villages systems, dryer% monitor and
Y heating, electricity manage for
health

Infectious and other diseases

diseases: Zoonosis influenza, plague introduction of
antibiotics & vaccines

resi




THE FOCUS OF BUILDING DESIGN HAS EVOLVED

—

Past: Totecqive =
Shelters ”’"””\“*‘-?\,
The Building Basis of Design
Pre-COVID:

Energy efficienc /

Sustainability ©

Y

NOW:
Human Healt

After the COVID-19 crisis subsides, the
need to ensure healthy building
environments will remain essential.

e et bt



WE PETITIONED THE WORLD HEALTH ORGANIZATION

40TOS0RH.COM

English (English) =

«« Take action and join me in the fight h Take Action! Sign the Petition
against respiratory infections! Relative - Dear Director General WHO,

humidity of 40-60% in buildings will T | call on the World Health Organization to
reduce respiratory infections and save " * Review the scientifc evidence related to indoor

i humidity and respiratory immune system response,

I l v e S - 73 viral transmission and virus inactivation

+ Produce guidelines on the minimum lower limit of

Ci
gbL- U r 4 ;J i indoor humidity in public buildings for health.
- i o ‘E

There is now overwhelming scientific evidence that a mid-range air humidity has significant benefits for human health. it
is very possible for us to be managing the indoor air quality of our public buildings in line with this evidence. The time
has come for regulations on indoor air guality to include a humidity level of 40-60%RH. This is the optimal level for our
respiratory immune system, and will reduce the spread of seasonal respiratory illnesses and their burden on society.

| am calling on the World Health Organization to review the scientific evidence on humidity and health, and recommend a

minimum lower limit of indeor humidity in public buildings to reduce respiratory infections, [ Country *
Dr. Steph anie Taylnr ADD ME TO YOUR MAILING LIST
Infection Control Consultant at Harvard Medical School S
ASHRAE Distinguished Lecturer & Member of the ASHRAE Epidemic Task Group
Fm not & robot

4 e

The World Health
Organization finally
responded to our
petition!

Please join us and sign
the petition to
recommend indoor RH
40—-60% to decrease
COVID-19 spread.



NEXT STEPS > 9

 Remember, healthy people provide a Return—On-—
Investment.

* |nvestigate |IAQ from the perspective of occupant
health

* Make the important indoor components visible by
monitoring and analyzing data through the lens of
occupant health.

 Maintain indoor RH 40%—-60% for starters.
* Sign our WHO petition. www.rh40to60.com



PRESENTATION OVERVIEW

A. Medicine and Buildings = Travelling Across Silos

B. Studies on Life Indoors » |ndoor Environments and Health

C. Scaling Health Visibility = COVID and Beyond



Thank you!

Stephanie Taylor, M.D.,
M. Arch., ASHRAE DL

Email:
stephanie@b4hinc.com
(860) 501-8950

and Luigi!
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