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Covid Resilience Ranking
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H. Nishiura, H. Oshitani et al.. Closed environment facilitate secondary
transmission of coronavirus disease 2019 (COVID-19) April 16 2020
https.//www.medrxiv.org/content/10.1101/2020.02.28.20029272v2
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How does COVID-19 spread
(COVID-19

COVID-19

(person-to-person)
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http://www.who.int/news-room/q-a-detail/g-a-coronaviruses
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Can the virus that causes COVID-19 be
transmitted through the air
(COVID-19

COVID-19

http://www.who.int/news-room/qg-a-detail/g-a-coronaviruses




COVID-19 CDC

How COVID-19 spreads
(COVID-19

(person-to-person)

(6



Environment International 139 (2020) 105730

Contents lists available at Sciencellrect ;
Environment International
journal homepage: www. elsevier.com/locate/envint
Airborne transmission of SARS-CoV-2: The world should face the reality m
e
Lidia Morawska™", Junji Cao" :
* lnternational Laboratory for Air Cuuality sud Health (ILAGH), School of Earth of Atmospheric Sciences, Qrarenaliand University aff Technologr, Bridhane. Queendand
#0001, Asseraiia
b Key Lob of Aerosed Chemistry & Moyuies (KLACP), Chinese Acodemy of Sciences, Brijfing, China
ARTICLEINFO ABSTRACT
'1.1I'II!I|J|I Tlix fid g | 1t nd m a1 k " m Liging’ ad 15! srld "-'\Ilh
by
Kerwords t $in
Airbome hunt
Alrbome der
Irdecticm
Corenaviy ore
COVID-18 Alr,
SARS-Cal V.2

The entire world is anxiously watching as COVID-19, o disease
caused by the SARS-CoV-2 virus, spreads from country to country,
following modern travel routes, It was first reported to the WHO
Country Office in China on 31 December 2019 (https//www.who.int

emergencies/diseases novel -coronavins-20 1 9/events-as-they

infected person or the surfaces and fomites that the person has either
touched, or on which large vinus-containing droplets expired by the
person have landed (Morawska 2006), and there the virus can remain
stable for days (von Doremalen er al. 2020). The droplets can also be
deposited directly on a person in close proximity to the infected person.

L. Morawska, J. Cao: Airborne transmission of SARS-CoV-2: The world

should face the reality, Environmental International 139, 2020 105730
https.//www.sciencedirect.com/science/article/pii/S016041202031254X
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https.//www.who.int/publications/i/item/modes-of-transmission-of-virus-
causing-covid-19-implications-for-ipc-precaution-recommendations



Be aware of different levels of risk in different settings.

There are certain places where COVID-19 spreads more easily:

Crowded Close-contact Confiri;ed and

places settings enclosed spaces
with many people Especially where with poor
nearby people have close- ventilation

range conversations

WHO: Avoid the Three Cs, facebook 19 July 2020
https://www.facebook.com/WHO/posts/3339935886051771
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https.//www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/how-
covid-spreads.html
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Neeltje van Doremalen, Trenton Bushmaker, Dylan H. Morris, et al. Aerosol
and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1 THE NEW
ENGLAND JOURNAL OF MEDICINE, March 17, 2020
(http://www.nejm.org/doi/full/10.1056/NEJMc2004973)
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E. Goldman: Exaggerated risk of transmission of COVID-19 by formites, THE

LANCET Infectious Diseases, July 3, 2020
https://www.thelancet.com/action/showPdf?pii=51473-3099%2820%2930561-2



J. Jimenez: TIME article, COVID-19 Is Transmitted Through Aerosols. We Have Enough
Evidence, Now It Is Time to Act, August 25, 2020
https://time.com/5883081/covid-19-transmitted-aerosols/
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Stephanie Taylor, Presenter, “Optimize Occupant Health, Building Energy

Performance and Revenue through Indoor-Air
Hydration,” 19 November 2019, Atlanta: ASHRAE.




Measles Outbreak in a Pediatric Practice:
Airborne Transmission in an Office Setting
Alan B. Bloch, MD, Walter A. Orenstein,
MD, William M. Ewing, William H. Spain,
George F. Mallison, Kenneth L. Herrmann,
MD, and Alan R. Hinman, MD

PEDIATRICS vol.75 No.4 April 1985
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Hospital Ventilation and Risk for Tuberculous Infection in Canadian

Health Care Workers

Dick Menzies, MD, MSc; Anne Fanning, MD; Lilian Yuan, MD; J. Mark FitzGerald,
MD; and the Canadian Collaborative Group in Nosocomial Transmission of TB,
Annals of Internal Medicine, Vol.133, No.10, 21 November 2000
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High SARS-CoV-2 Attack Rate Following Exposure at a Choir Practice — Skagit
County, Washington, March 2020

Lea Hamner, Polly Dubbel,lan Capron, Andy Ross,Amber Jordan, Jaxon Lee,
Joanne Lynn, Amelia Ball, Simranjit Narwal,Sam Russell, Dale Patrick, Howard
Leibrand, Morbidity and Mortality Weekly Report, vol.69, No.19 May 15, 2020
(https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6919e6-H.pdf)
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Sima Asadi et al.:Aerosol emission and superemission during human speech increase
with voice loudness. SCIENTIFIC REPORTS, 9, Article No. 2348, February 20, 2019
(https://www.nature.com/articles/s41598-019-38808-z)
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Coronavirus Disease Outbreak in Call Center, South Korea

Shin Young Park, Young-Man Kim, Seonju Yi, Sangeun Lee, Baeg-Ju Na, Chang Bo
Kim, Jung-il Kim, Hea Sook Kim, Young Bok Kim, Yoojin Park, In Sil Huh, Hye
Kyung Kim, Hyung Jun Yoon, Hanaram Jang, Kyungnam Kim, Yeonhwa Chang,
Inhye Kim, Hyeyoung Lee, Jin Gwack, Seong Sun Kim, Miyoung Kim, Sanghui
Kweon, Young June Choe, Ok Park, Young Joon Park, and Eun Kyeong Jeong
EMERGING INFECTIOUS DISEASES Vol.26,No.8 August 2020
(https://wwwnc.cdc.gov/eid/article/26/8/20-1274 _article)
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1. COVID-19 Outbreak Associated with Air Conditioning in Restaurant,
Guangzhou, China, 2020:Jianyun Lu, Jieni Gu, Kuibiao Li, Conghui Xu, Wenzhe
Su, Zhisheng Lai, Deqgian Zhou, Chao Yu, Bin Xu and Zhicong Yang, Emerging
Infectious Diseases, Vol/26, No. 7 July 2020 Research Letter

2. Aerosol transmission of SARS-CoV-2 Evidence for probable aerosol transmission of
SARS-CoV-2 in a poorly ventilated restaurant:Yuguo Li, Hua Qian, Jian Hang, Xuguang
Chen, Ling Hong, Peng Liang, Jiansen Li, Shenglan Xiao, Jianjian Wei, Li Liu and Min
Kang (https://www.medrxiv.org/content/10.1101/2020.04.16.20067728v1)
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Pengcheng Xu, Hua Qian, Te Miao, Hui-ling Yen, Hongwei Tan, Benjamin J. Cowling, Yuguo
JLi  Transmission routes of Covid-19 virus in the Diamond Princess Cruise ship
https://www.medrxiv.org/content/10.1101/2020.04.09.20059113v1
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ASHRAE ASHRAE Position Document on Infectious Aerosols, April 14, 2020
https://www.ashrae.org/file%20library/about/position%20documents/pd_infec
tiousaerosols_2020.pdf
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RHEVA RHEVA COVID-19 guidance document, August 3, 2020
https://www.rehva.eu/fileadmin/user_upload/REHVA_COVID-
19 guidance_document_V3 03082020.pdf
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Can HVAC Systems Spread COVID-197

ASHRAE Epidemic Task Force
Bill Bahnfleth

COVID-19
HVAC
HVAC

HVAC

ASHRAE Can HVAC Systems Spread COVID-19? 31 May, 2020
(https://www.achrnews.com/articles/143255-can-hvac-systems-spread-the-
covid-19-virus)







(MERV)

MERV
0.3 1.0um 1.0 3.0um 3.0 10.0pm
6 N/A N/A 35 < E,
7 N/A N/A 50 < E4
8 N/A 20 < E, 70 < E4
9 N/A 35 <E, 75 < Eg4
10 N/A 50 < E, 80 < E,
11 20< E, 65 < E, 85 < E 4
12 35<E, 80 < E, 90 < E,
13 50 < E, 85 < E, 90 < E,
14 75<E, 0 <E, 95 < E,
15 85 < E, 0 <E, 95 < E,
16 95 < E, 95 < E, 95 < E,

N/A: Not Available

: ANSI/ASHRAE Standard 52.2-2017 Method of Testing General
Ventilation Air-Cleaning Devices for Removal Efficiency by Particle Size
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1. Lindsley, W.G. et al. :
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Table 2. Size distribution of influenza RNA measured in Lindsley et al. (2010)

Sampling Location Distribution of viral RNA
Personal samplers <L7um 1.7-49um >4.9um
32% 16% 52%
Lower stationary samplers | < 1 um -4l pm =41 uym
13% 37% 50%
Upper stationary samplers | <1 um 1-4.1lum =41 um
0% 27% (4%

15% of infectious droplet nuclei are in the 0.3-1 um size range:
25% exist m the 1-3 um size range: and
60% exist in the 3-10 um s1ze range.

70

80 90 79
85 90 83
90 95 91

Distribution of Airborne Influenza Virus and Respiratory

Syncytial Virus in an Urgent Care Medical Clinic. Clinical Infectious Diseases
100125140412054-000. (https://academic.oup.com/cid/article/50/5/693/325466)

2. Brent Stephens: HVAC filtration and the Wells-Riley approach to assessing risks of
infectious airborne diseases, Final Report

(https://www.nafahg.org/wp-content/uploads/WellsRileyReport.pdf)
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Figure 21. Relative risk (RR) of infectious disease transmission across the three diseases in the office
environment with both HVAC filtration and “equivalent™ outdoor air ventilation rates. Note that lower costs
and lower risks (both beneficial) lie in the bottom left corner of the graph.

Wells-Riley

OA

Brent Stephens: HVAC filtration and the Wells-Riley approach to assessing risks of
infectious airborne diseases, Final Report
(https://www.nafahq.org/wp-content/uploads/WellsRileyReport.pdf)
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UVGI(UItra Violet Germicidal Irradiation
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UVvGl

Upper-Room UVGI

J. B. Dreiling  An Evaluation of Ultra Violet Germicidal Irradiation (UVGI) Technology in
Health Care Facilities A Report, Kansas State University 2008
https://core.ac.uk/download/pdf/5164725.pdf
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UVGI

J. B. Dreiling  An Evaluation of Ultra Violet Germicidal Irradiation (UVGI) Technology in
Health Care Facilities A Report, Kansas State University 2008
https://core.ac.uk/download/pdf/5164725.pdf
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X. He et al. Temporal dynamics in viral shedding and transmissibility of COVID-19, NATURE
MEDICINE, vol.26, may 2020, https://doi.org/10.1038/s41591-020-0869-5
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Brent Stephens: HVAC filtration and the Wells-Riley approach to assessing risks of
infectious airborne diseases, Final Report
(https://www.nafahg.org/wp-content/uploads/WellsRileyReport.pdf)
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Quanta 14-48 1/h

Hui Dai and Bin Zhao : Assosiation of infected probability of COVID-19 with ventiation
rates in confined spaces; a Wells-Riley equation based investigation

medRxiv preprint doi: https://doi.org/10.1101/2020.04.21.20072397.

970(=390) 1/h

Shelly Miller et al. : Transmission of SARS-CoV-2 by inhalation of respiratory
aerosol in the Skagit Valley Chorale superspreading event

medRxiv preprint doi: https://doi.org/10.1101/2020.06.15.20132027.
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RHEVA:RHEVA calculator to estimate the effect of ventilation on COVID-19 airborne
transmission
https://www.rehva.eu/covid19-ventilation-calculator
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40~60%RH

Stephanie Taylor, Presenter, “Optimize Occupant Health, Building Energy
Performance and Revenue through Indoor-Air
Hydration,” 19 November 2019, Atlanta: ASHRAE.
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http://news-sv.aij.or.jp/kankyo/s7/House_vent_1.pdf
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https://www.rehva.eu/fileadmin/user_upload/REHVA_COVID-19_Guidance_School_Buildings.pdf
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Steady state (106 [2])
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Steady state (109 [=])




Steady state (114 [2])
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