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|. Infectious Aerosol Position Document statements

A. Airborne transmission of SARS-CoV-2

Transmission of SARS-CoV-2 through the air is sufficiently likely that airborne
exposure to the virus should be controlled. Changes to building operations,

including the operation of heating, ventilating, and air-conditioning systems, can
reduce airborne exposures

B. Operation of heating, ventilating, and air-conditioning systems to reduce
SARS-CoV-2 transmission

Ventilation and filtration provided by heating, ventilating, and air-conditioning systems
can reduce the airborne concentration of SARS-CoV-2 and thus the risk of transmission
through the air. Unconditioned spaces can cause thermal stress to people that may be
directly life threatening and that may also lower resistance to infection. In general,

disabling of heating, ventilating, and air-conditioning systems is not a recommended
measure to reduce the transmission of the virus
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ll. Short-list references associated with Position Document

Airborne Infectious Aerosol
Transmission

 Detection of Air and Surface Contamination by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in
Hospital Rooms of Infected Patients. Chia P Y et al. medRxiv
preprint doi: https://doi.org/10.1101/2020.03.29. 20046557.

» Seasonality of Respiratory Viral Infections. Moriyama M et al.
Annu. Rev. Virol. (2020) 7:2.1-2.19

» Aerosol and surface stability of SARS-CoV-2 as compared to
SARS-CoV-1. Doremalen N v et al. NEJM (2020)

» Deposition of respiratory virus pathogens on frequently
touched surfaces at airports. Ikonen N et al. BMC Inf. Dis.
(2018) 18:437-443

» The effects of temperature and relative humidity on the
viability of the SARS coronavirus. Chan KH et al. Advances
in Virology (2011) ID 734690

Virus Viability and IAQ

 Effects of humidity and other factors on the generation and
sampling of a coronavirus aerosol. Kim S W et al.
Aerobiologia (2007) 23:239-248

+ Transmission of SARS and MERVs coronaviruses and
influenza virus in healthcare settings: the possible role of dry
surface contamination. Otter J A et al. Journal of Hospital
Infection (2016) 92:235-250

* Microbes at surface-air interfaces: RH, surface
hygroscopicity and oligotrophy for resistance. Stone W et al.
Front. Microbiol. (2016) 7:1563

* Humidity as a non-pharmaceutical intervention for influenza.
A. Reiman J et al. (2018) PLoS ONE 13(9): e0204337.
https:// doi.org/10.1371/journal.pone.0204337

» Seasonality of Respiratory Viral Infections. Moriyama M et al.

Annu. Rev. Virol. (2020) 7:2.1-2.19

* Mechanistic insights into the effect of humidity on airborne
influenza virus survival, transmission and incidence. Marr L
et al. J.R. Soc. Interface (2018) 16:20180298.

* The effects of temperature and relative humidity on the
viability of the SARS coronavirus. Chan KH et al. Advances
in Virology (2011) ID 734690

Human Immune System and IAQ

* Low ambient humidity impairs barrier function and innate

resistance against influenza infection. Kudo E et al. PNAS
(2019) April 4.

Seasonality of Respiratory Viral Infections. Moriyama M et al.
Annu. Reuv. Virol. (2020) 7:2.1-2.19

The effects of indoor-air relative humidity on health
outcomes and cognitive function in residents in a long-term
care facility. Taylor S and Tasi M. Indoor Air (2018) Paper
#1744
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Annotated References: Environmental Hygiene

TITLE PRE-PRINT LINK SUMMARY / RELEVANT EXCERPTS

Aerodynamic Characteristics and RNA https://www.biorxiv.org/content/10.11 The ICU, CCU and general patient rooms inside Renmin, patient hall inside Fangcang had undetectable or low airborne SARS-CoV-2
Concentration of SARS-CoV-2 Aerosol in Wuhan 01/2020.03.08.982637v1 concentration but deposition samples inside ICU and air sample in Fangcang patient toilet tested positive. The airborne SARS-CoV-2 in
Hospitals during COVID-19 Outbreak Fangcang MSA had bimodal distribution with higher concentration than those in Renmin during the outbreak but turned negative

after patients number reduced and rigorous sanitization implemented. PUA had undetectable airborne SARS-CoV-2 concentration but
obviously increased with accumulating crowd flow.

Temperature significant change COVID-19 https://www.medrxiv.org/content/10.1 The study found that, to certain extent, temperature could significant change COVID-19 transmission, and there might be a best
Transmission in 429 cities 101/2020.02.22.20025791v1 temperature for the viral transmission, which may partly explain why it first broke out in Wuhan. It is suggested that countries and
regions with a lower temperature in the world adopt the strictest control measures to prevent future reversal.

Effects of temperature variation and humidity  https://www.medrxiv.org/content/10.1 A positive association with COVID-19 mortality was observed for diurnal temperature range (r = 0.44), but negative association for

on the mortality of COVID-19 in Wuhan 101/2020.03.15.20036426v1 relative humidity (r = -0.32). In addition, each 1 unit increase in diurnal temperature range was only associated with a 2.92% (95% Cl:
0.61%, 5.28%) increase in COVID-19 mortality at lag 3. However, both per 1 unit increase of temperature and absolute humidity were
related to the decreased COVID-19 mortality at lag 3 and lag 5, respectively.

Closed environments facilitate secondary https://www.medrxiv.org/content/10.1 Commissioned by the Minister of the Ministry of Health, Labour, and Welfare of Japan, we collected secondary transmission data with
transmission of coronavirus disease 2019 101/2020.02.28.20029272v1 the aim of identifying high risk transmission settings. We show that closed environments contribute to secondary transmission of
(CovID-19) COVID-19 and promote superspreading events. Closed environments are consistent with large-scale COVID-19 transmission events

such as that of the ski chalet-associated cluster in France and the church- and hospital-associated clusters in South Korea. Our findings
are also consistent with the declining incidence of COVID-19 cases in China, as gathering in closed environments was prohibited in the
wake of the rapid spread of the disease. Reduction of unnecessary close contact in closed environments may help prevent large case
clusters and superspreading events.

Transmission Potential of SARS-CoV-2 in Viral  https://www.medrxiv.org/content/10.1 During the initial isolation of 13 individuals confirmed positive with COVID-19 infection, air and surface samples were collected in

Shedding Observed at the University of 101/2020.03.23.20039446v2 eleven isolation rooms to examine viral shedding from isolated individuals. While all individuals were confirmed positive for SARS-

Nebraska Medical Center CoV-2, symptoms and viral shedding to the environment varied considerably. Many commonly used items, toilet facilities, and air
samples had evidence of viral contamination, indicating that SARS-CoV-2 is shed to the environment as expired particles, during
toileting, and through contact with fomites. Disease spread through both direct (droplet and person-to-person) as well as indirect
contact (contaminated objects and airborne transmission) are indicated, supporting the use of airborne isolation precautions.

Role of meteorological temperature and https://www.medrxiv.org/content/10.1 Long-term trend of temperature and relative humidity was obtained with a 14-days adjacent-averaging filter, and lagged correlations
relative humidity in the January-February 2020 101/2020.03.19.20039164v1 of the number of daily confirmed cases were explored. The analysis showed negative correlations between temperatures with the
propagation of 2019-nCoV in Wuhan, China number of daily confirmed cases. Maximum correlations were found for 6-day lagged temperatures, which is likely reflecting the

incubation period of the virus. It was postulated that the indoor crowding effect is responsible of the high incidence of 2019-nCoV
cases, where low absolute humidity and close human contact facilitate the transport of aerosol droplets.

Clinical Data on Hospital Environmental Hygiene https://www.medrxiv.org/content/10.1 Viruses could be detected on the surfaces of the nurse station in the isolation area with suspected patients and in the air of the
Monitoring and Medical Staff Protection during 101/2020.02.25.20028043v2 isolation ward with an intensive care patient.
the Coronavirus Disease 2019 Outbreak

Analysis of epidemiological characteristics of  https://www.medrxiv.org/content/10.1 Shenzhen ranked the top cities outside Wuhan with reported 416 confirmed cases by February 20, 2020. Here, we analyzed the

coronavirus 2019 infection and preventive 101/2020.02.28.20028555v1 epidemiological characteristics of COVID-19 in Shenzhen and potential link to the preventive strategies for the whole city and inside
measures in Shenzhen China: a heavy hospitals. Based on the daily new cases, the epidemic of COVID-19 in Shenzhen can be classified into three phases: the slow increase
population city phase from January 19 to January 28, the rapid increase and plateau phase from January 29 to February 5 and the decline phase since

February 6. In the three phases, the number of patients from Hubei decreased, and the number of familial clustering cases increased.



https://www.biorxiv.org/content/10.1101/2020.03.08.982637v1
https://www.medrxiv.org/content/10.1101/2020.02.22.20025791v1
https://www.medrxiv.org/content/10.1101/2020.03.15.20036426v1
https://www.medrxiv.org/content/10.1101/2020.02.28.20029272v1
https://www.medrxiv.org/content/10.1101/2020.03.23.20039446v2
https://www.medrxiv.org/content/10.1101/2020.03.19.20039164v1
https://www.medrxiv.org/content/10.1101/2020.02.25.20028043v2
https://www.medrxiv.org/content/10.1101/2020.02.28.20028555v1

Annotated References: Environmental Hygiene

TITLE

The impact of temperature and absolute humidity on
the coronavirus disease 2019 (COVID-19) outbreak -
evidence from China

Potential impact of seasonal forcing on a SARS-CoV-2
pandemic

PRE-PRINT LINK  SUMMARY / RELEVANT EXCERPTS

https://www.medrxiv.org/ The number of new confirm COVID-19 cases in mainland China peaked on Feb 1, 2020. COVID-19 daily incidence were lowest at -10 °C

content/10.1101/2020.03. and highest at 10 °C,while the maximum incidence was observed at the absolute humidity of approximately 7 g/m3. COVID-19

22.20038919v1 incidence changed with temperature as daily incidence decreased when the temperature rose. No significant association between

COVID-19 incidence and absolute humidity was observed in distributed lag nonlinear models. Additionally, A modified susceptible-
exposed-infectious-recovered (M-SEIR) model confirmed that transmission rate decreased with the increase of temperature, leading to
further decrease of infection rate and outbreak scale. CONCLUSION Temperature is an environmental driver of the COVID-19 outbreak
in China. Lower and higher temperatures might be positive to decrease the COVID-19 incidence. M-SEIR models help to better evaluate
environmental and social impacts on COVID-19.

https://www.medrxiv.org/ While the uncertainty in parameters is large, the scenarios we explore show that transient reductions in the incidence rate might be due

content/10.1101/2020.02. to a combination of seasonal variation and infection control efforts but do not necessarily mean the epidemic is contained. Seasonal

13.20022806v2 forcing on SARS-CoV-2 should thus be taken into account in the further monitoring of the global transmission. The likely aggregated

effect of seasonal variation, infection control measures and transmission rate variation is a prolonged pandemic wave with lower
prevalence at any given time, thereby providing a window of opportunity for better preparation of health care systems.

Role of temperature and humidity in the modulation of https://www.medrxiv.org/ Results indicate that the doubling time correlates positively with temperature and inversely with humidity, suggesting that a decrease in

the doubling time of COVID-19 cases

content/10.1101/2020.03. the rate of progression of COVID-19 with the arrival of spring and summer in the north hemisphere. A 200C increase is expected to

05.20031872v1 delay the doubling time in 1.8 days. Those variables explain 18% of the variation in disease doubling time; the remaining 82% may be

related to containment measures, general health policies, population density, transportation or cultural aspects.

The role of absolute humidity on transmission rates of https://www.medrxiv.org/ Here, we examine province-level variability of the basic reproductive numbers of COVID-19 across China and find that changes in

the COVID-19 outbreak

Climate affects global patterns of COVID-19 early
outbreak dynamics

Roles of meteorological conditions in COVID-19
transmission on a worldwide scale

content/10.1101/2020.02. weather alone (i.e., increase of temperature and humidity as spring and summer months arrive in the North Hemisphere) will not

12.20022467v1 necessarily lead to declines in COVID-19 case counts without the implementation of extensive public health interventions.

https://www.medrxiv.org/ Growth rates peaked in temperate regions of the Northern Hemisphere with mean temperature of ~5 degrees, and humidity of approx

content/10.1101/2020.03. 0.6-1 kPa during the outbreak month, while they decreased in warmer and colder regions. The strong relationship between local climate

23.20040501v1 and COVID-19 growth rates suggests the possibility of seasonal variation in the spatial pattern of outbreaks, with temperate regions of

the Southern Hemisphere becoming at particular risk of severe outbreaks during the next months.

https://www.medrxiv.org/ Here, we examine the relationships of meteorological variables with the severity of the outbreak on a worldwide scale. The confirmed
content/10.1101/2020.03. case counts, which indicates the severity of COVID-19 spread, and four meteorological variables, i.e., air temperature, relative humidity,

16.20037168v1 wind speed, and visibility, were collected daily between January 20 and March 11 (52 days) for 430 cities and districts all over China, 21
cities/ provinces in Italy, 21 cities/ provinces in Japan, and 51 other countries around the world. Four different time delays of weather
(on the day, 3 days ago, 7 days ago, and 14 days ago) as to the epidemic situation were taken for modeling and we finally chose the
weather two weeks ago to model against the daily epidemic situation as its correlated with the outbreak best. Taken Chinese cities as a
discovery dataset, it was suggested that temperature, wind speed, and relative humidity combined together could best predict the
epidemic situation.
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TITLE

Preliminary evidence that higher temperatures are
associated with lower incidence of COVID-19, for cases
reported globally up to 29th February 2020

PRE-PRINT LINK  SUMMARY / RELEVANT EXCERPTS

https://www.medrxiv.org/ Using global line-list data on COVID-19 cases reported until 29th February 2020 and global gridded temperature data, and after

content/10.1101/2020.03. adjusting for surveillance capacity and time since first imported case, higher average temperature was strongly associated with lower

18.20036731v1 COVID-19 incidence for temperatures of 1°C and higher. However, temperature explained a relatively modest amount of the total

variation in COVID-19 incidence. These preliminary findings support stringent containment efforts in Europe and elsewhere.

Simulation-based Estimation of the Spread of COVID-19 https://www.medrxiv.org/ The trajectory of the epidemic until the end of June could take various paths depending on the impact of seasonality and policies

inlran

Impacts of social and economic factors on the
transmission of coronavirus disease (COVID-19) in
China

The Effects of "Fangcang, Huoshenshan, and
Leishenshan" Makeshift Hospitals and Temperature on
the Mortality of COVID-19

Spread of SARS-CoV-2 Coronavirus likely to be
constrained by climate

Projecting the transmission dynamics of SARS-CoV-2
through the post-pandemic period

Aerosol and surface stability of HCoV-19 (SARS-CoV-2)
compared to SARS-CoV-1

content/10.1101/2020.03. targeting social distancing. In the most optimistic scenario for seasonal effects, depending on policy measures, 1.6 million Iranians (90%

22.20040956v1 Cl: 0.9M-2.6M) are likely to get infected, and death toll will reach about 58,000 cases (90% Cl: 32K-97K), while in the more pessimistic
scenarios, death toll may exceed 103,000 cases (90% Cl: 56K-172K). Implication: Our results suggest that the number of cases and
deaths may be over an order of magnitude larger than official statistics in Iran. Absent extended testing capacity other countries may
face a significant under-count of existing cases and thus be caught off guard about the actual toll of the epidemic.

https://www.medrxiv.org/ We rely on meteorological data to construct instrumental variables for the endogenous variables. The National Oceanic and

content/10.1101/2020.03. Atmospheric Administration (NOAA) provides average, maximum and minimum temperatures, air pressure, average and maximum

13.20035238v1.full.pdf+ht wind speeds, precipitation, snowfall amount, and dew point for 362 weather stations at the daily level in China. To merge the

ml meteorological variables with the number of new cases of COVID-19, we first calculate daily weather variables for each city on each day
from 2019 December to 2020 February from station-level weather records following the inverse-distance weighting method. Second,
we match the daily weather variables to the number of new cases of COVID-19 based on city name and date.

https://www.medrxiv.org/ Mortality of confirmed cases was found to be significantly correlated with temperature both in Wuhan (r = -0.441, P = 0.012) and Hubei

content/10.1101/2020.02. (r =-0.440, P = 0.012). Conclusions Our findings indicated that both the use of MSHs and the rise of AT were beneficial to the survival of

26.20028472v3 COVID-19 cases. If air temp rises 1 Celsius, the mortality of confirmed cases would decrease 0.44% and the mortality of severe cases
would decrease 0.42% on average.

https://www.medrxiv.org/ More probable is the emergence of asynchronous seasonal global outbreaks much like other respiratory diseases. People in temperate

content/10.1101/2020.03. warm and cold climates are more vulnerable. Those in arid climates follow next in vulnerability, while the disease will likely marginally

12.20034728v1 affect the tropics. Our projections minimize uncertainties related with spread of SARS CoV-2, providing critical information for
anticipating the adequate social, economic and political responses.

https://www.medrxiv.org/ These dynamics will depend on seasonality, the duration of immunity, and the strength of cross-immunity to/from the other human

content/10.1101/2020.03. coronaviruses. Using data from the United States, we measured how these factors affect transmission of human betacoronaviruses

04.20031112v1 HCoV-0C43 and HCoV-HKU1. We then built a mathematical model to simulate transmission of SARS-CoV-2 through the year 2025. We
project that recurrent wintertime outbreaks of SARS-CoV-2 will probably occur after an initial pandemic wave. We summarize the full
range of plausible transmission scenarios and identify key data still needed to distinguish between them, most importantly longitudinal
serological studies to determine the duration of immunity to SARS-CoV-2.

https://www.medrxiv.org/ We found that the stability of SARS-CoV-2 was similar to that of SARS-CoV-1 under the experimental circumstances tested. This

content/10.1101/2020.03. indicates that differences in the epidemiologic characteristics of these viruses probably arise from other factors, including high viral

09.20033217v2 loads in the upper respiratory tract and the potential for persons infected with SARS-CoV-2 to shed and transmit the virus while
asymptomatic.3,4 Our results indicate that aerosol and fomite transmission of SARS-CoV-2 is plausible, since the virus can remain viable
and infectious in aerosols for hours and on surfaces up to days (depending on the inoculum shed). These findings echo those with SARS-
CoV-1, in which these forms of transmission were associated with nosocomial spread and super-spreading events,5 and they provide
information for pandemic mitigation efforts. (Published link: https://www.nejm.org/doi/full/10.1056/NEJMc2004973)



https://www.medrxiv.org/content/10.1101/2020.03.18.20036731v1
https://www.medrxiv.org/content/10.1101/2020.03.22.20040956v1
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TITLE

Defining the Epidemiology of Covid-19 — Studies
Needed

Will coronavirus pandemic diminish by summer?

PRE-PRINT LINK  SUMMARY / RELEVANT EXCERPTS

https://www.nejm.org/doi/full/1 First, what is the full spectrum of disease severity (which can range from asymptomatic, to symptomatic-but-mild, to severe, to

0.1056/NEJMp2002125?query=r requiring hospitalization, to fatal)? Second, how transmissible is the virus? Third, who are the infectors — how do the infected

ecirc _top ribbon article 1

person’s age, the severity of illness, and other characteristics of a case affect the risk of transmitting the infection to others? Of
vital interest is the role that asymptomatic or presymptomatic infected persons play in transmission. When and for how long is the
virus present in respiratory secretions? And fourth, what are the risk factors for severe illness or death? And how can we identify
groups most likely to have poor outcomes so that we can focus prevention and treatment efforts?

https://papers.ssrn.com/sol3/pa Therefore, even though currently available data is skewed by minimal testing per capita in many tropical countries, it is possible

pers.cfm?abstract id=3556998

that weather plays a role in the spread of 2019-nCoV which warrants an investigation. In the last 10 days, thousands of new cases
have been documented in regions with T >18C suggesting that the role of warmer temperature in slowing the spread of the 2019-
nCoV, as suggested earlier might only be observed, if at all, at much higher temperatures. Unlike temperature, however, the range
of AH across which most of the cases have been documented has consistently been between 3 and 9g/m3 . Current data, although
limited, suggests that it is extremely unlikely that the spread of 2019-nCoV would slow down in the USA or Europe, due to
environmental factors, because a large number of cases have already been reported in the range of AH and T experienced by these
regions for most part of the year.
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M. K. IJAZ, A. H. BRUNNER, S. A.  Survival Characteristics of Airborne 1985 https://www.ncbi.nlm.nih 30%, Coronavirus 229E survives Plaque Coronavirus 229E Coronavi
SATTAR, RAMA C. NAIR AND C. M. Human Coronavirus 229E .gov/pubmed/2999318 50%, 80% the best at 50% humidity,  Assay rus
JOHNSON-LUSSENBURG the worst at 80% humidity
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Disclaimer

This ASHRAE guidance document is based on the evidence and
knowledge available to ASHRAE as of the date of this document.
Knowledge regarding transmission of COVID-19 is rapidly evolving.
This guidance should be read in conjunction with the relevant
government guidance and available research. This material is not a
substitute for the advice of a qualified professional. By adopting these
recommendations for use, each adopter agrees to accept full
responsibility for any personal injury, death, loss, damage or delay
arising out of or in connection with their use by or on behalf of such
adopter irrespective of the cause or reason therefore and agrees to
defend, indemnify and hold harmless ASHRAE, the authors, and others
iInvolved In their publication from any and all liability arising out of or In
connection with such use as aforesaid and irrespective of any
negligence on the part of those indemnified.
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