
Reopening America: 
strategies for safer buildings
COVID-19 emerging research 
and public health data as  
of May 2020

Scientific research and public health information as of early May 2020 was the 
backbone to the team’s strategy development. The charettes were informed by a 
group of public, environmental, and occupational health experts and physicians 
who provided an independently developed, 90-minute briefing on SARS-CoV-2 
infectious disease transmission, epidemiological models, and insights into key 
research that must be considered when developing modifications for the built 
environment during COVID-19 re-occupancy. 

SARS-CoV-2 transmission
SARS-CoV-2, the virus that causes COVID-19, is spread primarily by person 
to person1 airborne transmission through coughing, sneezing, and speaking.2 
Live coronavirus sheds at high concentrations from the nasal cavity even before 
symptoms develop.3

Large droplets, >100 microns (µm), that are expelled, coughed, or  
sneezed from an infected person will fall one to two meters (generally, 
within six feet) due to gravity. Being within six feet exposes a person  
to direct contact via inhalation.

Large droplets that are expelled may evaporate to form droplet nuclei 
aerosols, <10 µm, that lack mass; therefore, the coronavirus aerosol may 
remain airborne for a longer period. 

Droplets of respirable size are also expelled during normal speech.4 An 
infected person, asymptomatic or symptomatic, will release coronavirus 
aerosols during normal speech.

Respirable-size aerosols are not visible. Recent studies have also suggested 
that SARS-CoV-2 can remain infective as an aerosol for at least three 
hours, though some aerosol physicists argue for much longer estimates.5
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Transmission generally requires “close contact” and “prolonged exposure.” The CDC 
defines close contact as “within about six feet.” “Prolonged exposure” is defined as 
10 minutes or longer (recently updated to 15 minutes), noting that if the exposure 
involves direct contact with respiratory secretions, such as if a sick person coughs 
directly on another person, that could shorten the time for transmission.6

While the CDC recommends that individuals physically distance themselves 
from others by at least six feet to prevent transmission7, the distance should be 
greater if a person shedding the virus is speaking forcefully8, shouting, cheering, 
or singing. Evidence suggests such activities will increase the travel distance of 
respiratory droplets, subsequently impacting physical distancing. In the US, 32 
of 61 people were infected with COVID-19 from one symptomatic person who 
attended a 2.5-hour church choir practice. Twenty other people are believed to 
have been infected through secondary exposure.9 

Additionally, airflow around an infected person either from mechanical sources,10 
from wind,11 or while walking and running12 could also increase the distance 
droplets spread. In a confined environment, where there is recirculating airflow 
from one person onto others with no outside air and filtration, the spread can be 
enhanced beyond the conventional six feet.13  

In South Korea, densely packed sports facilities were traced to increased rates 
of infection. Large class sizes, small spaces, intense workouts, a moist, warm 
atmosphere, and the turbulent airflow from the activity are believed to have 
increased transmission of the virus.14 

Particularly problematic for risk mitigation is that 20–50% of those infected can be 
asymptomatic,15 but may also spread the virus. In the small town of Vo, Italy, at the 
center of the nation’s pandemic, two surveys found that approximately 43% of the 
confirmed SARS-CoV2 infections detected were people who had no symptoms.16 

It may also be possible that a person can get COVID-19 by touching a surface 
or object that has the virus on it and then touching their own mouth, nose, or 
possibly their eyes, but this is not thought to be the main way the virus spreads. 
Early research indicates that SARS-CoV-2 can survive17 on inanimate surfaces like 
metal, glass, or plastic for up to seven days.   

The available surface survivability data for studies on SARS-CoV-2 are 
summarized in Table 1. These studies (van Doremalen et al., 2020,18 and Chin et 
al., 202019) were conducted at room temperature (72° F) and relative humidity of 
40% and 65%, respectively, in laboratories. The survivability of the virus depends 
on factors such as temperature, relative humidity, the surface it is deposited on, 
and the viral concentration.  

The study method used in the Chin study resulted in a larger concentration of 
virus particles deposited than the method employed by van Doremalen. It is not 
known which of the two studies most closely represents the viral load that could be 
deposited by an infected person.

https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/social-distancing.html
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In general, the virus appears to be more stable on smooth surfaces, such as 
plastic, glass, and stainless steel, (Chin et al., 2020) and less stable on paper and 
copper. The longest survival times reported by Chin and colleagues are on plastic 
and stainless steel.    

While, as of early May 2020, there were no data on the survivability of SARS-
CoV-2 on finishes in occupied buildings, it is clear that the virus can survive 
for various periods of time on a range of common materials. Note that surface 
survivability in a laboratory study does not equate to infectivity under normal 
conditions. For architects, one obvious strategy to avoid infectivity is to specify 
touchless fixtures and appliances to eliminate contact with high touch points 
(e.g., doors, poles, doorknobs, railings, faucet handles, stairway railings, elevator 
buttons, escalator railings, toilet handles, etc.).

Stability of SARS-CoV-2 on surfaces

S U R F A C E 	 R E F E R E N C E  1 	 R E F E R E N C E  2

Plastic	 3 days	 7 days

Glass		  4 days

Stainless steel	 3 days	 7 days

Copper	 4 hours	

Wood		  2 days

Cloth		  2 days

Cardboard	 2 days	

Paper		  3 hours

Tissue		  3 hours

Bank note		  4 days

Surgical mask		  7 days

Fortunately, the virus is susceptible to cleaning and disinfection protocols,20 such 
as those recommended by the CDC. The virus is enveloped by a covering of oily 
lipid molecules that falls apart on contact with soap. Then, disinfectant21 is used to 
inactivate the virus. 

Frequent handwashing,22 using the proper World Health Organization technique 
with soap and water for a minimum of 20 seconds is one of the most effective 
ways to reduce infection. Hand sanitizers are not essential. Prior to the COVID-19 
pandemic, there was a concern that alcohol-based sanitizers could promote 
antimicrobial-resistant microbes, such as some Clostridioides difficile bacteria.23 
Only when soap and water are unavailable or impractical does the CDC 
recommend24 use of alcohol-based hand rubs, which must have greater than 60% 
ethanol or 70% isopropanol to be effective.  

Detectible 
but greatly 
reduced

None 
detected

Table 1.
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Scientific evidence is still evolving about airborne transmission.25 Past experience 
with the SARS pandemic in 2002 and a study from the University of Nebraska 
Medical Center26 suggest aerosol transmission (virus within a very small 
respiratory droplet that stays suspended in the air) may also be possible. Although 
at this time there is minimal published scientific evidence concerning airborne 
transmission via mechanical systems such as HVAC, WHO “recommend[s] 
airborne precautions for circumstances and settings in which aerosol generating 
procedures and support treatment are performed, according to risk assessment.”27  

The American Society of Heating, Refrigerating and Air-Conditioning Engineers’ 
(ASHRAE) position aligns with WHO but extends beyond just aerosol-generating 
procedures, etc.: 

1.	airborne transmission of SARS-CoV-2 is sufficiently likely, and operation  
of the HVAC system can reduce airborne exposures; and 

2.	operation of HVAC can reduce the airborne concentration of SARS-CoV-2 
and thus the risk of transmission. In general, disabling HVAC systems  
is not recommended.28 

ASHRAE’s position responds to information from multiple studies, including those 
referenced above and other studies that found:  

	» The virus may remain stable for weeks in cool, dry conditions.29

	» Particulate pollution is associated with higher death rates.30

	» Sunlight reduces the half-life of SARS-CoV-2 from six hours to two 
minutes on non-porous surfaces.31

	» Outdoor transmission appears to be less likely.32 

If recirculation air has no filtering, minimizing air recirculation may reduce the 
risk of spreading the virus. Making outdoor spaces readily available, introducing 
natural ventilation/increased ventilation rates, enhanced filtration (from MERV 8 
to MERV 13)33, and UV treatments are also worth serious consideration. Natural 
ventilation dilutes the air, so introducing outdoor air through operable windows, 
especially when no mechanical ventilation is available, is useful. Similarly, 
increasing fresh air intake can be helpful if the outdoor air quality and thermal 
conditions are acceptable. Air pollution is a complication; microbes can be found 
on particulate matters in the air and can travel with the particulate matters.34

Figure 1: Majority of the COVID-19 
transmissions happened indoors.43

2 7,322
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Current ASHRAE guidelines recommend an indoor relative humidity range of 40–
60%.35 ASHRAE’s recommendation takes multiple factors into account, yet if the 
focus is reducing viral load, a range of 50–70% RH appears to be more effective.  

A MERV 13 filter reduces pass-through of small infectious particles more than the 
MERV 8 filter. However, if not installed and sealed properly, the virus can bypass 
the filter. Additionally, system fans must be able to handle the higher pressure in 
the air stream resulting from use of the higher MERV filter. Another air filtration 
option is portable room air cleaners with HEPA filters. 

Particularly with high-risk situations, using upper-room UVGI (ultraviolet germicidal 
irradiation) with UVC (UV light wavelength at 254 nm) fixtures or lamps or installing 
UVGI in the HVAC system (ductwork or air handling unit) is worth considering. A 
study from the 1940s36 demonstrates a reduction in transmission of the measles 
virus using upper-room UV lights—with UV, only 10% of the subjects contracted 
the virus; without UV, 40% contracted it. A more recent study shows reduction in 
absenteeism during the common flu season with use of upper-room UV as well.37 

As many as half of the people with COVID-19 also have diarrhea and shed the 
virus via their stool, raising concern about fecal-oral transmission.38 Sufficient 
handwashing and other good personal hygiene along with touchless operations in 
and regular cleaning and sanitization of bathrooms are important interventions 
in preventing this transmission, but there are additional concerns. Toilet flushing 
may cause aerosolization of the virus, generating a plume of droplets that can 
subsequently be inhaled or deposited on surrounding surfaces. Therefore, toilet 
lids are beneficial to reduce virus transmission. The well-documented case 
of the Amoy Gardens apartment complex in Hong Kong39 during the SARS 
pandemic of 2002 demonstrates the potential for transmission of virus-laden 
aerosols spreading through poorly ventilated plumbing systems from bathroom 

Figure 2: Optimum Humidity Range for 
Human Comfort and Health 
(Source: Sterling et al. 1985)
Sterling EM, Arundel A, Sterling TD. 1985. 
Criteria for human exposure to humidity in 
occupied buildings. ASHRAE Transactions, 
91(1B): 611-622.

viruses
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to bathroom in a single building. These aerosols also have the potential to spread 
from building to building via prevailing winds.

Human behavior, compliance, and compliance fatigue also play an important role 
when considering perception of the risk of SARS-CoV-2 virus/COVID-19 disease 
transmission. Risk assessment generally involves acknowledging the hazard, 
assessing the potential extent of exposure, and characterizing risks. Individuals 
vary in their risk tolerance; some may agree to take steps to mitigate the risk to 
obtain a safe outcome, while others are willing to take their chances and find the 
risk tolerable. This may create difficulties in controlling the COVID-19 incidence 
rate and possible resurgence of the virus. Some of the reasons for underestimating 
the risk are: 

	» overconfidence in facilities, operations, and people

	» underestimating the seriousness of the potential outcome

	» difficulty overcoming habits and/or a yearning to return to normal 

	» lack of personal experience with severe cases of COVID-19 

	» leadership demonstrating high tolerance to risk 

	» expectation that, if all else fails, a vaccination will be discovered  
to change everything 

2. �Virus-laden 
aerosols 
created as 
waste is 
discharged

4. �Aerosols 
carried 
to upper 
apartments 
and adjacent 
buildings by 
air current 3. �Transmission of aerosols to upper 

apartment via depleted U-trap

1. �Infected resident 
introduces virus to 
drainage system

Figure 3: SARS transmission route at Amoy 
Gardens via the sanitary plumbing system. 
doi:10.1371/journal.pone.0171556.g001
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The goals then are to break the routes of exposure through careful design to 
minimize reliance on voluntary behavior (e.g., by promoting unidirectional 
workflow, designing for cleaning, minimizing potential for splash and touch, and 
optimizing opportunities to practice good hand hygiene).

There are also concerns about buildings that have remained unoccupied with 
building systems shut down.40 Air and water safety in buildings that have 
incurred low or no occupancy (30+ days) is another critical issue. Building water 
distribution systems, including equipment with water reservoirs (i.e., anything 
utilizing water, such as water heater storage, ice machines, drinking fountains, 
decorative fountains, and coffee machines), must be recommissioned. Water 
stagnates over extended periods of time, losing its disinfectant residual. Once 
disinfectant residual (e.g., chlorine or chloramines) dissipates, bacteria can grow 
and spread. Stagnated water may contain waterborne pathogens (e.g., Legionella), 
leading to disease cases and death. Also, depending upon existing piping materials 
for municipal service lines or building piping distribution, the lack of water flow 
allows for the buildup of potentially toxic metals, such as copper and lead, and 
disinfectant byproducts that can lead to illness or injury from exposure. The CDC, 
EPA, and AWWA have all developed guidelines specific to dormant buildings 
related to COVID-19 building re-occupancy.  

Beyond the impact of COVID-19 response, there are additional public health 
concerns that must also be considered. The risk of future pandemics is 
increasing,41 making design considerations for controlling infectious disease 
transmission paramount even after the current health crisis. Due to the varying 
nature of virus transmission and that guidance commonly refers to minimum 
recommendations, there is no one-size-fits-all approach to controlling pandemics. 
However, influenza and other pandemics (SARS, H1N1, Ebola) are not new either. 
Design professionals have the opportunity to strengthen their knowledge about 
person-to-person, air, water, surface, and fecal/oral transmission in order to 
consider effective design solutions to protect the health, safety, and welfare of the 
public. Even in the current pandemic environment, the highest causes of death 
in the US42 are related to disease that emerge from tobacco use, poor nutrition, 
and lack of exercise. Continual advancement of building design to promote equity, 
health, and well-being remains imperative. 

https://www.cdc.gov/coronavirus/2019-ncov/php/building-water-system.html
https://www.epa.gov/coronavirus/information-maintaining-or-restoring-water-quality-buildings-low-or-no-use
https://www.awwa.org/Resources-Tools/Resource-Topics/Coronavirus


Reopening America: Strategies 
for Safer Buildings8

1. Centers for Disease Control and Prevention. How COVID-19 Spreads. https://www.cdc.gov/
coronavirus/2019-ncov/prevent-getting-sick/how-covid-spreads.html 

2. Anfinrud P, Stadnytskyi V, Bax CE, Bax A. April 2020. Visualizing speech-generated oral fluid 
droplets with laser light scattering. The New England Journal of Medicine. https://www.nejm.org/
doi/10.1056/NEJMc2007800

3. Gandhi M, Yokoe DS, Havlir DV. April 2020. Asymptomatic transmission, the Achilles’ heel of current 
strategies to control Covid-19. The New England Journal of Medicine. https://www.nejm.org/doi/
full/10.1056/NEJMe2009758

4. Santa-Coloma T. 2020. The airborne and gastrointestinal coronavirus SARS-COV-2 pathways. 
Preprints, 2020040133. doi: 0.20944/preprints202004.0133.v2. https://www.preprints.org/
manuscript/202004.0133/v2

5. Van Doremalen N, et al. 2020. Aerosol and surface stability of SARS-CoV-2 as compared with 
SARS-CoV-1. The New England Journal of Medicine: 1-3. https://www.nejm.org/doi/full/10.1056/
NEJMc2004973

6. Centers for Disease Control and Prevention. Public Health Recommendations for Community-
Related Exposure. https://www.cdc.gov/coronavirus/2019-ncov/php/public-health-recommendations.
html#:~:text=In%20healthcare%20settings%2C%20it,individual)%20remain%20important

7. Centers for Disease Control and Prevention. Social Distancing – Keep Your Distance to Slow the 
Spread. Accessed May 23, 2020. https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/
social-distancing.html

8. National Center for Biotechnology Information. Aerosol Emission and Superemission During 
Human Speech Increase with Voice Loudness. https://pubmed.ncbi.nlm.nih.gov/30787335/?from_
single_result = Aerosol + emission + and + superemission + during + human + speech + increase + with + voice + 
loudness&expanded_search_query = Aerosol + emission + and + superemission + during + human + speech + 
increase + with + voice + loudness

9. Hamner L, Dubbel P, Capron I, et al. 2020. High SARS-CoV-2 attack rate following exposure at a 
choir practice — Skagit County, Washington. March 2020. Morbidity and Mortality Weekly Report, 69: 
606-610. http://dx.doi.org/10.15585/mmwr.mm6919e6

10. Lu J, Gu J, Li K, Xu C, Su W, Lai Z, Zhou D, Yu C, Xu B, Yang Z. 2020. COVID-19 outbreak 
associated with air conditioning in restaurant, Guangzhou, China, 2020. Emerging Infectious Diseases, 
26(7). https://wwwnc.cdc.gov/eid/article/26/7/20-0764_article

11. Feng Y, Marchal T, Sperry T, Yia H. 2020. Influence of wind and relative humidity on the social 
distancing effectiveness to prevent COVID-19 airborne transmission: A numerical study. Journal of 
Aerosol Science. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7233256/

12. Urban Physics. Towards aerodynamically equivalent COVID19 1.5 m social distancing for walking 
and running. http://www.urbanphysics.net/Social%20Distancing%20v20_White_Paper.pdf

13. Jang S, Han SH, Rhee J-Y. Aug 2020.Coronavirus disease cluster associated with fitness 
dance classes, South Korea. Emerging Infectious Diseases, 26(8). https://wwwnc.cdc.gov/eid/
article/26/8/20-0633_article

14. Ibid.

15. Centers for Disease Control and Prevention. COVID-19 Pandemic Planning Scenarios. https://
www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html

16. Lavezzo E, Franchin E, Ciavarella C, Cuomo-Dannenburg G, Barzon L, Del Vecchio C, Rossi L, 
Manganelli R, Loregian A, Navarin N, Abate D, Sciro M, Merigliano S, Decanale E, Vanuzzo MC, 
Saluzzo F, Onelia F, Pacenti M, Parisi S, Carretta G, Donato D, Flor L, Cocchio S, Masi G, Sperduti 
A, Cattarino L, Salvador R, Gaythorpe KAM, Imperial College London COVID-19 Response Team, 
Brazzale AR, Toppo S, Trevisan M, Baldo V, Donnelly CA, Ferguson NM, Dorigatti I, Crisanti A. 2020. 
Suppression of COVID-19 outbreak in the municipality of Vo, Italy. medRxiv, preprint. doi: https://doi.or
g/10.1101/2020.04.17.20053157.

17. Chin WH, et al. Apr 2020. Stability of SARS-CoV-2 in different environmental conditions. Lancet 
Microbe. https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30003-3/fulltext

18. Van Doremalen N, Bushmaker T, Morris DH, et al. 2020. Aerosol and surface stability of SARS-
CoV-2 as compared with SARS-CoV-1. New England Journal of Medicine. https://covid19.nj.gov/
faqs/coronavirus-information/about-novel-coronavirus-2019/will-the-coronavirus-survive-in-the-
refrigerator-or-freezer-u21gz2n7br

19. Chin WH, et al. Apr 2020. Stability of SARS-CoV-2 in different environmental conditions. Lancet 
Microbe. https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30003-3/fulltext 

Public health briefing 
summary

https://www.nejm.org/doi/10.1056/NEJMc2007800
https://www.nejm.org/doi/10.1056/NEJMc2007800
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/how-covid-spreads.html
https://www.nejm.org/doi/full/10.1056/NEJMe2009758
https://www.nejm.org/doi/full/10.1056/NEJMe2009758
https://www.preprints.org/manuscript/202004.0133/v2
https://www.preprints.org/manuscript/202004.0133/v2
https://www.nejm.org/doi/full/10.1056/NEJMc2004973
https://www.nejm.org/doi/full/10.1056/NEJMc2004973
https://www.cdc.gov/coronavirus/2019-ncov/php/public-health-recommendations.html#:~:text=In%20healthcare%20settings%2C%20it,individual)%20remain%20important
https://www.cdc.gov/coronavirus/2019-ncov/php/public-health-recommendations.html#:~:text=In%20healthcare%20settings%2C%20it,individual)%20remain%20important
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/social-distancing.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/social-distancing.html
https://pubmed.ncbi.nlm.nih.gov/30787335/?from_single_result=Aerosol+emission+and+superemission+during+human+speech+increase+with+voice+loudness&expanded_search_query=Aerosol+emission+and+superemission+during+human+speech+increase+with+voice+loudness
https://pubmed.ncbi.nlm.nih.gov/30787335/?from_single_result=Aerosol+emission+and+superemission+during+human+speech+increase+with+voice+loudness&expanded_search_query=Aerosol+emission+and+superemission+during+human+speech+increase+with+voice+loudness
https://pubmed.ncbi.nlm.nih.gov/30787335/?from_single_result=Aerosol+emission+and+superemission+during+human+speech+increase+with+voice+loudness&expanded_search_query=Aerosol+emission+and+superemission+during+human+speech+increase+with+voice+loudness
https://pubmed.ncbi.nlm.nih.gov/30787335/?from_single_result=Aerosol+emission+and+superemission+during+human+speech+increase+with+voice+loudness&expanded_search_query=Aerosol+emission+and+superemission+during+human+speech+increase+with+voice+loudness
http://dx.doi.org/10.15585/mmwr.mm6919e6
https://wwwnc.cdc.gov/eid/article/26/7/20-0764_article
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7233256/
http://www.urbanphysics.net/Social%20Distancing%20v20_White_Paper.pdf
https://wwwnc.cdc.gov/eid/article/26/8/20-0633_article
https://wwwnc.cdc.gov/eid/article/26/8/20-0633_article
https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html
https://doi.org/10.1101/2020.04.17.20053157
https://doi.org/10.1101/2020.04.17.20053157
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30003-3/fulltext
https://covid19.nj.gov/faqs/coronavirus-information/about-novel-coronavirus-2019/will-the-coronavirus-survive-in-the-refrigerator-or-freezer-u21gz2n7br
https://covid19.nj.gov/faqs/coronavirus-information/about-novel-coronavirus-2019/will-the-coronavirus-survive-in-the-refrigerator-or-freezer-u21gz2n7br
https://covid19.nj.gov/faqs/coronavirus-information/about-novel-coronavirus-2019/will-the-coronavirus-survive-in-the-refrigerator-or-freezer-u21gz2n7br
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30003-3/fulltext


Reopening America: Strategies 
for Safer Buildings9

20. Centers for Disease Control and Prevention. Cleaning and Disinfecting Guidance.  https://www.cdc.
gov/coronavirus/2019-ncov/community/reopen-guidance.html

21. Environmental Protection Agency. List N: Disinfectants for Use Against SARS-CoV-2.  https://www.
epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

22. Centers for Disease Control and Prevention. When and How to Wash Your Hands. https://www.cdc.
gov/handwashing/when-how-handwashing.html

23. Rutkowski, E. Researcher sketches grim outlook for fight against “superbugs,” American Industrial 
Hygiene Association. Accessed May 23, 2020. https://www.aiha.org/news/researcher-sketches-grim-
outlook-for-fight-against-superbugs

24. Centers for Disease Control and Prevention. Hand Hygiene Recommendations. https://www.cdc.
gov/coronavirus/2019-ncov/hcp/hand-hygiene.html

25. Santarpia JL, Rivera DN, Herrera V, Morwitzer MJ, Creager H, Santarpia GW, Crown KK, Brett-
Major D, Schnaubelt E, Broadhurst MJ, Lawler JV, Reid SP, Lowe JJ. 2020. Transmission potential 
of SARS-CoV-2 in viral shedding observed at the University of Nebraska Medical Center. medRxiv, 
preprint. Accessed May 21, 2020. doi: https://doi.org/10.1101/2020.03.23.20039446

26. Ibid.

27. World Health Organization. March 2020. Modes of transmission of virus causing COVID-19: 
Implications for IPC precaution recommendations. Accessed May 23, 2020. https://www.who.int/
news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-
for-ipc-precaution-recommendations

28. ASHRAE. ASHRAE Issues Statements on Relationship Between COVID-19 and HVAC in Buildings. 
Press release. April 20, 2020. Accessed May 21, 2020. https://www.ashrae.org/about/news/2020/
ashrae-issues-statements-on-relationship-between-covid-19-and-hvac-in-buildings

29. New Jersey Department of Health. Will the coronavirus survive in the refrigerator or freezer? 
https://covid19.nj.gov/faqs/coronavirus-information/about-novel-coronavirus-2019/will-the-
coronavirus-survive-in-the-refrigerator-or-freezer-u21gz2n7br

30. Wu X, Nethery RC, Sabath MB, Braun D, Dominici F. 2020. A national study on long-term exposure 
to air pollution and COVID-19 mortality in the United States. Harvard T.H. Chan School of Public 
Health. Accessed May 21, 2020. https://projects.iq.harvard.edu/covid-pm

31. White House. Remarks by President Trump, Vice President Pence, and Members of the Coronavirus 
Task Force in Press Briefing. Press release. April 23, 2020. https://www.whitehouse.gov/briefings-
statements/remarks-president-trump-vice-president-pence-members-coronavirus-task-force-press-
briefing-31/

32. Qian H, Miao T, LIU L, Zheng X, Luo D, Li Y. 2020. Indoor transmission of SARS-CoV-2. medRxiv, 
preprint. doi: https://doi.org/10.1101/2020.04.04.20053058

33. ASHRAE. 2020. Upgrading & Improving Filtration. The American Society of Heating, Refrigerating 
and Air-Conditioning Engineers, Atlanta, GA. https://www.ashrae.org/technical-resources/building-
readiness#upgrading

34. Setti L, Passarini F, De Gennaro G, Baribieri P, Perrone MG, Borelli M, Palmisani J, Di Gilio A, 
Torboli V, Pallavicini A, Ruscio M, Piscitelli P, Miani A. 2020. SARS-Cov-2 RNA found on particulate 
matter of Bergamo in northern Italy: First preliminary evidence. medRxiv, preprint. doi: https://doi.org/1
0.1101/2020.04.15.20065995. https://www.medrxiv.org/content/10.1101/2020.04.15.20065995v2

35. ASHRAE. 2020. Upgrading & Improving Filtration. The American Society of Heating, Refrigerating 
and Air-Conditioning Engineers, Atlanta, GA. https://www.ashrae.org/technical-resources/building-
readiness#upgrading

36. Wells, WF. 1943. Air Disinfection in Day Schools. American Journal of Public Health, 33: 1436-1443. 
https://ajph.aphapublications.org/doi/10.2105/AJPH.33.12.1436

37. Su C, Lau J, Gibbs SG. 2016. Student absenteeism and the comparisons of two sampling 
procedures for culturable bioaerosol measurement in classrooms with and without upper room 
ultraviolet germicidal irradiation devices. Indoor and Built Environment, 25(3): 551-562. Accessed May 
21, 2020. https://doi.org/10.1177/1420326X14562257

38. D’Amico F, Baumgart DC, Danese S, Peyrin-Biroulet L. 2020. Diarrhea during COVID-19 infection: 
Pathogenesis, epidemiology, prevention and management. Clinical Gastroenterology and Hepatology. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7141637/

39. McKinney KR, Gong YY, Lewis TG. 2006. Environmental transmission of SARS at Amoy Gardens. 
Journal of Environmental Health, 68(9): 26–52. Accessed May 21, 2020. https://pubmed.ncbi.nlm.nih.
gov/16696450/

https://www.cdc.gov/coronavirus/2019-ncov/community/reopen-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/community/reopen-guidance.html
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://www.cdc.gov/handwashing/when-how-handwashing.html
https://www.cdc.gov/handwashing/when-how-handwashing.html
https://www.aiha.org/news/researcher-sketches-grim-outlook-for-fight-against-superbugs
https://www.aiha.org/news/researcher-sketches-grim-outlook-for-fight-against-superbugs
https://www.cdc.gov/coronavirus/2019-ncov/hcp/hand-hygiene.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/hand-hygiene.html
https://doi.org/10.1101/2020.03.23.20039446
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.ashrae.org/about/news/2020/ashrae-issues-statements-on-relationship-between-covid-19-and-hvac-in-buildings
https://www.ashrae.org/about/news/2020/ashrae-issues-statements-on-relationship-between-covid-19-and-hvac-in-buildings
https://covid19.nj.gov/faqs/coronavirus-information/about-novel-coronavirus-2019/will-the-coronavirus-survive-in-the-refrigerator-or-freezer-u21gz2n7br
https://covid19.nj.gov/faqs/coronavirus-information/about-novel-coronavirus-2019/will-the-coronavirus-survive-in-the-refrigerator-or-freezer-u21gz2n7br
https://projects.iq.harvard.edu/covid-pm
https://www.whitehouse.gov/briefings-statements/remarks-president-trump-vice-president-pence-members-coronavirus-task-force-press-briefing-31/
https://www.whitehouse.gov/briefings-statements/remarks-president-trump-vice-president-pence-members-coronavirus-task-force-press-briefing-31/
https://www.whitehouse.gov/briefings-statements/remarks-president-trump-vice-president-pence-members-coronavirus-task-force-press-briefing-31/
https://doi.org/10.1101/2020.04.04.20053058
https://www.ashrae.org/technical-resources/building-readiness#upgrading
https://www.ashrae.org/technical-resources/building-readiness#upgrading
https://www.medrxiv.org/content/10.1101/2020.04.15.20065995v2
https://www.ashrae.org/technical-resources/building-readiness#upgrading
https://www.ashrae.org/technical-resources/building-readiness#upgrading
https://ajph.aphapublications.org/doi/10.2105/AJPH.33.12.1436
https://doi.org/10.1177/1420326X14562257
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7141637/
https://pubmed.ncbi.nlm.nih.gov/16696450/
https://pubmed.ncbi.nlm.nih.gov/16696450/


Reopening America: Strategies 
for Safer Buildings10

40. American Institute of American Industrial Hygiene Association. Recovering from COVID-19 
Building Closures. American Industrial Hygienist Association, Falls Church, VA.https://aiha-assets.
sfo2.digitaloceanspaces.com/AIHA/resources/Public-Resources/RecoveringFromCOVID-
19BuildingClosures_GuidanceDocument.FINAL.pdf

41. White, K. March 2020. Coronavirus isn’t an outlier, it’s part of our interconnected viral age. World 
Economic Forum. Accessed May 22, 2020. https://www.weforum.org/agenda/2020/03/coronavirus-
global-epidemics-health-pandemic-covid-19/

42. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. 2004. Actual causes of death in the United 
States, 2000. Journal of the American Medical Association, 291(10): 1238-45. https://pubmed.ncbi.nlm.
nih.gov/15010446/?from_term=actual+causes+of+death&from_pos=1

43. Qian H, Miao T, LIU L, Zheng X, Luo D, Li Y. 2020. Indoor transmission of SARS-CoV-2. medRxiv, 
preprint. doi: https://doi.org/10.1101/2020.04.04.20053058

The American Institute of Architects 
1735 New York Ave., NW 
Washington, DC 20006 
aia.org 

Disclaimer: The information contained in this 
document is meant to serve as a helpful resource, 
but should not be interpreted as legal or other 
professional advice. Due to the rapidly changing 
scientific, legal and regulatory landscape related 
to the COVID-19 outbreak, this document may 
at any time be out of date, and the AIA does 
not guarantee its accuracy. You should contact 
relevant government agencies and / or an 
attorney in your location for current laws and 
regulations and seek the advice of an appropriate 
licensed professional on custom strategies that 
meet your unique needs.

Authors 
Catherine Bobenhausen, MS, CIH, CSP, AIHA Fellow | Colden Corporation 
Juliana Grant, MD, MPH | Public Health Nerds
Josephine Lau | ASHRAE/University of Nebraska
Luke Leung, PE | SOM
Molly M. Scanlon, PhD, FAIA, FACHA | Phigenics

Acknowledgements

https://aiha-assets.sfo2.digitaloceanspaces.com/AIHA/resources/Public-Resources/RecoveringFromCOVID-19BuildingClosures_GuidanceDocument.FINAL.pdf
https://aiha-assets.sfo2.digitaloceanspaces.com/AIHA/resources/Public-Resources/RecoveringFromCOVID-19BuildingClosures_GuidanceDocument.FINAL.pdf
https://aiha-assets.sfo2.digitaloceanspaces.com/AIHA/resources/Public-Resources/RecoveringFromCOVID-19BuildingClosures_GuidanceDocument.FINAL.pdf
https://www.weforum.org/agenda/2020/03/coronavirus-global-epidemics-health-pandemic-covid-19/
https://www.weforum.org/agenda/2020/03/coronavirus-global-epidemics-health-pandemic-covid-19/
https://pubmed.ncbi.nlm.nih.gov/15010446/?from_term=actual+causes+of+death&from_pos=1
https://pubmed.ncbi.nlm.nih.gov/15010446/?from_term=actual+causes+of+death&from_pos=1
https://doi.org/10.1101/2020.04.04.20053058

