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PRINCIPAL APPROVED MOTIONS
Board of Directors Meeting
Tuesday, April 14, 2020

No. - Pg.

Motion

1-2

That the Board approve the reaffirmed Infectious Aerosols Position Document as
presented in ATTACHMENT A.

Motion 23 (That ASHRAE engage an association secretariat service to continue the
function of the European Office in SY 2021. This effort is to be supported by ASHRAE
staff resource(s) with priorities defined by the Board of Directors for the European
Office. The staff resource (s) for the European Office shall be phased-in based on
recommendation from the Executive Vice President by the 2020 Annual Meeting.) from
the Wednesday, February 5, 2020 BOD meeting be reconsidered.

That Motion 2 be postponed until the May 5, 2020 BOD meeting.
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CALLTO ORDER
Mr. Boyce called the meeting to order at 9:00 am.

CODE OF ETHICS

Mr. Boyce read the Code of Ethics commitment and encouraged members to become familiar with the
full Code of Ethics.

ROLL CALL/INTRODUCTIONS

Roll call was conducted, and guests introduced themselves.

REVIEW OF MEETING AGENDA

The agenda was reviewed. There were no changes or additions.

INFECTIOUS AEROSALS POSITION DOCUMENT

Mr. Knight expressed thanks for the monumental efforts of the PD Committee, with special thanks to PD
Committee Chair Erica Stewart and EHC Chair Wade Conlan. An unprecedented number of comments
were received, and the committee has spent a tremendous amount of time and effort.

Mr. Knight moved that

1. The Board approve the reaffirmed Infectious Aerosols Position Document as presented in
ATTACHMENT A.

It is the intent that the two statements specific to SARS COV2, recently approved by ExCom, be added to
this document. The introductory text needs to be updated as well; it will be an informative statement,
pointing out the relevance of SARS COV2.

There was discussion of whether the statements should be published together.

Mr. Conlan reported that the position document and two statements will be packaged together for the
foreseeable future. The PD is general in nature, but the majority of people will be reviewing it primarily
because of current SARS COV2 crisis. The PD and statements will be packaged together until it no longer
makes sense to do so.

MOTION 1 PASSED (Voice Vote, 1 Abstention, CNV). Mr. Sekhar abstained.

EPIDEMIC TASK FORCE UPDATE

Mr. Knight reported that the task force has worked tirelessly - with several 16-hour days, countless
emails, weekly web meetings, and interim meetings as necessary.

The group has revamped the webpage and it is now much easier to navigate by user type and get to the
exact ASHRAE guidance proposed for building/occupancy/use type.
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Mr. Bahnfleth reported that all the work of the task force has happened in the last two weeks; and it has
taken a lot of effort and work to get to this point. It is important to get guidance out and the
appearance of the webpage is something that will be improved on an ongoing basis.

Bahnfleth expressed thanks to members of the task force and staff for the terrific effort thus far.
Mr. Boyce thanked all of the task force members and expressed appreciation of their efforts.

Mr. Knight reported that a specific email address has been created for governmental requests. Emails
sent to the address go directly to staff who work with Mr. Bahnfleth to identify an appropriate expert.
Almost all requests are being answered within 24 hours.

2020 ANNUAL CONFERENCE

Mr. Littleton reported that staff is moving forward with making plans for the virtual conference. There
will be a full technical program, with all the presentations recorded in advance. There will also be a live
guestion and answer session with each of the technical program authors. Each of the four days of the
conference will begin with a traditional leadership presentation - President’s update, Secretary’s report,
BOD inauguration, and the 2020-21 Society theme update.

There will be a rolling schedule of technical committee, standing committee, and council meetings. Staff
is creating a master schedule.

The presentation of awards will likely be postponed until the January 2021 Conference.

In terms of hotel contracts, staff has successfully negotiated all hotel contracts and there are no further
obligations apart from one, which is currently in process.

Staff is working on the Bylaw’s requirement of the 100 meeting of the members. New York state law
does not allow the meeting to be conducted virtually. The meeting could take place in July or August
depending on how the pandemic unfolds. Until the in-person meeting happens, the existing BOD will
remain intact.

When someone registers for the Annual Conference, they will have access to the virtual conference.
The cost to access just the virtual conference has been $250 in the past. There has been ongoing
discussion of what the cost should be.

There was discussion of what the cost for registration should be as well as a timeline for making the final
decision. It was also suggested that CEC be engaged to help set pricing.

COVID-19 REGIONAL AND CHAPTER OPERATIONS

Mr. Boyce reported that several requests have been received from regions and chapters, requesting
guidance on regional and chapter operations in the current environment. A document has been drafted
and the goal is to distribute the final document to the chapters and regions along with a letter from Mr.
Boyce.
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FINANCE COMMITTEE RECOMMENDATION ON ASHRAE PRESENCE IN BRUSSELS

Mr. Schwedler reported that the Finance Committee had a meeting earlier in the week. From that
meeting, the Committee reached consensus on the following recommendation: Finance Committee
advises the Board of Directors to reconsider the decision to appoint an Association Management
Company in Europe for the 20-21 Society Year and defer that decision until the 21-22 Society Year.

Finance has reduced projections for dues revenue and has been discussing the possibility of a reduction
in Expo revenue. Schwedler reported that there has also been discussion of adjusting the RP matching
funds that Society contributes.

The current budget projections show a $460,000 deficit beginning July 1. Recommendations from the
previous lean assessment are being revisited and additional expense reductions and revenue sources
are being explored.

Mr. Cooper moved and Mr. Hunt seconded that

2. Motion 23 (That ASHRAE engage an association secretariat service to continue the function of
the European Office in SY 2021. This effort is to be supported by ASHRAE staff resource(s) with
priorities defined by the Board of Directors for the European Office. The staff resource (s) for the
European Office shall be phased-in based on recommendation from the Executive Vice President
by the 2020 Annual Meeting.) from the Wednesday, February 5, 2020 BOD meeting be
reconsidered.

Mr. Macauley stated that in order for Society to play an instrumental role in the current critical issues in
Europe, a physical presence in Europe is required. There is the possibility of changing the start date for
the association management firm or engaging in a smaller contract so that the cost is reduced but allows
Society to still have a voice and influence. Postponing the transition to an association management firm
for a year could be very detrimental.

Mr. Macauley moved and Mr. Hermans seconded that
3. Motion 2 be postponed until the May 5, 2020 BOD meeting.

MOTION 3 PASSED (Voice Vote, 5 Nays, CNV).

EXECUTIVE SESSION

Executive session was called at 10:25 am.

The open session meeting reconvened at 10:34 am.
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NEW BUSINESS
CAPITAL CAMPAIGN FOR MEMBERS

Mr. Boyce reporting that the Development Committee is considering postponing any further
communication of the capital campaign to members because of the COVID-19 crisis.

Companies will continue to be contacted, only communication to individuals will be stopped at this time.

Ms. Mitchell reported that at this time, there has been no mention of changes to pledged contributions
from major donors.

UPCOMING MEETINGS

The next BOD meeting will be a conference call on May 5. The primary agenda item for this call will be
an update from the Finance Committee.

ADJOURNMENT

The meeting adjourned at 10:41 am.

Jeff H. Littleton, Secretary

ATTACHMENTS:
A. Infectious Aerosols Position Document
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ABSTRACT

The pathogens that cause infectious diseases are spread from the host to secondary hosts via
several different routes. For example, some diseases are known to spread by infectious aerosols;
for other diseases, the route of transmission is uncertain. The risk of pathogen spread and
therefore the number of people exposed can be affected, both positively and negatively, by
heating, ventilating, and air-conditioning (HVAC) and local exhaust ventilation (LEV) systems and
airflow patterns in a space. ASHRAE is the global leader and foremost source of technical and
educational information on the design, installation, operation and maintenance of these
systems. Although the principles discussed in this document apply primarily to buildings, they
may also be applicable to other occupancies, such as planes, trains, and automobiles.

ASHRAE will continue to support research that advances the knowledge-base of indoor air
management strategies aimed to reduce occupant exposure to infectious aerosols. Chief among
these ventilation-related processes are dilution, airflow patterns, pressurization, temperature
and humidity distribution and control, filtration, and other strategies such as ultraviolet
germicidal irradiation (UVGI). While the exact level of ventilation effectiveness will vary with
local conditions and the pathogens involved, ASHRAE believes that these techniques, when
properly applied, can reduce the risk of transmission of infectious disease through airborne
aerosols.

To better specify the levels of certainty behind the ASHRAE policy positions stated in this
document, we have chosen to adopt the Agency for Healthcare Research and Quality (AHRQ)
rubric for expressing the scientific certainty behind our recommendations. (Burns et al. 2011)
These levels of certainty are as follows:

Grade of Research Description

A Strongly Recommend; good evidence

B Recommend; at least fair evidence

C No recommendation for or against. Balance of benefits and harms too
close to justify a recommendation

D Recommend against; fair evidence is ineffective or harm outweighs the
benefit

E Evidence is insufficient to recommend for or against routinely; evidence

is lacking or of poor quality; benefits and harms cannot be determined.

ASHRAE’s position is that facilities of all types should follow, as a minimum, the latest published
standards and guidelines and good engineering practice. ANSI/ASHRAE Standards 62.1 and 62.2
(ASHRAE 2019a, 2019b) includes requirements for outdoor air ventilation in most residential
and non-residential spaces, and Standard 170 (ASHRAE 2017) covers both outdoor and total air
ventilation in healthcare facilities. Based upon a risk assessment or owner project requirements,



designers of new and existing healthcare facilities could go beyond the minimum requirements
of these documents, using techniques covered in ASHRAE’s publications including ASHRAE
Handbooks, ASHRAE research reports, published papers and articles, and design guidelines to
be even better prepared to control the dissemination of infectious aerosols.

EXECUTIVE SUMMARY

With infectious diseases transmitted through aerosols, HVAC systems can have a major effect on
the transmission from a primary host to secondary hosts. Designers of mechanical systems
should be aware that ventilation is not capable of addressing all aspects of infection control.

HVAC systems [1] , however, impact the bio-burden and distribution of infectious aerosols and
droplets to airborne and aerosol pathogens. Small aerosols may persist in the breathing zone,
available for inhalation directly into the upper and lower respiratory tract, or settling onto
surfaces where they can be indirectly transmitted by resuspension or fomite [2] contact. Clearly,
decreasing exposure of secondary hosts is an important step in curtailing the spread of infectious
diseases.

Infectious aerosols can pose an exposure risk, regardless of whether or not a disease is classically
defined as an “airborne infectious disease”. This document covers strategies through which
HVAC systems modulate aerosol [4] distribution and can therefore increase or decrease exposure
to infectious droplets [3], droplet nuclei [5], surfaces [6], and intermediary fomites [7] in a variety
of environments.

[1] These are described in the ASHRAE Handbook—HVAC Systems and Equipment (ASHRAE 2020). [2] An object (such as a dish
or a doorknob) that may be contaminated with infectious organisms and serve in their transmission

[3] In this document, droplets are understood to be large enough to fall to a surface in 1-2 meters (3-7 feet) and thus
not become aerosols.

[4] An aerosol is a system of liquid or solid particles uniformly distributed in a finely divided state through a gas, usually
air. They are small and buoyant enough to behave much like a gas.

[5] Droplet nuclei are formed from droplets that become less massive by evaporation and thus may become aerosols.
[6] Direct contact refers to bodily contact such as touching, kissing, sexual contact, contact with oral secretions or skin
lesions, and additional routes such as blood transfusions or intravenous injections

[7] Indirect contact is an exposure that occurs through touching a contaminated inanimate object such as a doorknob,
bed rail, TV remote and bathroom surfaces.



This position document (PD) provides recommendations on the following:

e the design, installation, and operation of heating, ventilating, and air- conditioning
(HVAC) systems, including air cleaning and local exhaust ventilation (LEV) systems to
decrease the risk of infection transmission;

e non-HVAC control strategies to decrease disease risk; and
strategies to support facilities management for both everyday operation and for
emergencies.

Infectious diseases can be controlled by interrupting a transmission route used by the
pathogen. HVAC professionals have an important role in protecting building occupants by
interrupting the indoor dissemination of infectious aerosols with HVAC and LEV systems.

1. THE ISSUE

The potential for airborne dissemination of infectious pathogens is widely recognized,
although there remains uncertainty about the relative importance of the various disease
transmission routes, such as airborne, short range droplets, direct or indirect contact, or by
multimodal means (a combination of mechanisms). Transmission of disease will vary by
pathogen infectivity, reservoirs, vectors and secondary host susceptibility (Shaman and Kohn
2009; Roy and Milton 2004; Li 2011) . The variables which are the most relevant for HVAC
design and control are decreasing the reservoirs and transmission pathway of infectious
aerosols.

Infection control professionals describe the chain of infection as a process in which a
pathogen (microbe which causes disease) is carried in an initial host, gains access to a
reservoir and a route of ongoing transmission, and with sufficient virulence finds a secondary
susceptible host. Ventilation, filtration and air distribution systems, and disinfection
technologies have the potential to limit airborne pathogen transmission through the air and
thus break the chain of ongoing infection.

Building science professionals must recognize the importance of facility operations and
ventilation systems in interrupting this step of disease transmission. Other measures such as
effective surface cleaning, contact and isolation precautions mandated by employee and
student policies, as well as vaccination regimens are effective strategies that are beyond the
scope of this document.

Dilution and extraction ventilation, pressurization, airflow distribution and optimization,
mechanical filtration, UVGI and humidity control are effective strategies for reducing the risk of
dissemination of infectious aerosols in buildings and transportation environments.



Although this position document is primarily applicable to viral and bacterial diseases that can
use the airborne route in transmission from person to person, the principles of containment may
also apply to infection from building reservoirs such as water systems with Legionella spp. and
organic matter containing spores from mold to the extent that the microorganisms are spread
by the air. The first step in control of such diseases is to eliminate the source before it becomes
airborne.

2. BACKGROUND

ASHRAE provides guidance and develops standards intended to mitigate the risk of infectious
disease transmission in the built environment. These documents provide engineering strategies
for reducing the risk of disease transmission and therefore could be employed in a variety of
other spaces.

This position document covers the dissemination of infectious aerosols but not direct contact
routes of transmission. Direct contact generally refers to bodily contact such as touching, kissing,
sexual contact, contact with oral secretions or skin lesions, and routes such as blood transfusions
or intravenous injections. Indirect transmission by resuspension is covered.

2.1 Airborne Dissemination

Pathogen dissemination through the air occurs through droplets and aerosols typically
generated by coughing, sneezing, shouting, breathing, toilet flushing, some medical procedures,
singing and talking (Bischoff 2013, Yan et al. 2018). The majority of larger emitted droplets are
drawn by gravity to land on surfaces within about 3-7 feet (1-2 m) from the source (See Figures
1a and 1b)*. General dilution ventilation and pressure differentials do not significantly influence
short range transmission. Conversely, dissemination of smaller infectious aerosols including
droplet nuclei resulting from desiccation can be affected by airflow patternsin a space in general
and airflow patterns surrounding the source in particular. Of special interest are small aerosols
(< 10 um), which can stay airborne and infectious for extended periods (several minutes, hours
or days), and thus can travel longer distances and infect secondary hosts who had no contact
with the primary host.

Many diseases are known to have high transmission rates through larger droplets when
susceptible individuals are within close proximity, about 3-7 ft (1-2 m) (Nicas 2009; Li 2011)
Depending upon environmental factors, these large (100-micron diameter) droplets may shrink

" Figure 1a depicts the 5-ft (1.5 m) settling time for particles settling in still air. Figure 1b illustrates
the theoretical aerobiology of transmission of droplets and aerosols produced by an infected
patient with an acute infection.



by evaporation before they settle, thus becoming an aerosol (approx. < 10 um). The term droplet
nuclei has been used to describe such desiccation of droplets into aerosols (Siegel et al. 2007).
While ventilation systems cannot interrupt the rapid settling of large droplets, they can influence
transmission of droplet nuclei infectious aerosols. Directional airflow is employed to create flow
by the micro-environment created by localized airflow patterns followed by direct capture
through local exhaust ventilation or HEPA filtration.
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Figure 1. (1a) Comparative settling times by particle diameter (Baron 2017).
(1b) Aerobiology of droplets and small airborne particles produced by an infected patient. (Courtesy of
Yuguo Li)

3. PRACTICAL IMPLICATIONS FOR BUILDING OWNERS, OPERATORS,
AND ENGINEERS

Even the most robust HVAC system cannot control all airflows and completely prevent
dissemination of an infectious aerosol or disease transmission by droplets or aerosols. The HVAC
system’s impact will depend upon source location, strength of the source and distribution of the
released aerosol, droplet size, air distribution, temperature, relative humidity, and filtration.
Furthermore, there are multiple modes and circumstances under which disease transmission
occurs. Thus, strategies for prevention and risk mitigation require collaboration among
designers, owners, operators, industrial hygienists and infection prevention specialists.

3.1 Varying Approaches for Facility Type

Healthcare facilities have criteria for ventilation design to mitigate airborne transmission of
infectious disease (ASHRAE 62.1-2019, 170-2017; HVAC Design Manual for Hospitals and Clinics,
2013, 2018 FGI Guidelines for Design and Construction of Hospitals). Yet, infections are also
transmitted in ordinary occupancies in the community and not in industrial or healthcare
occupancies. General ventilation and air quality requirements are included in Standards 62.1-



2019, 62.2-2019 and 170-2017 and the ASHRAE IAQ Guide. ASHRAE does not provide specific
requirements for infectious disease control in homes, offices, schools, retail environments,
prisons, shelters, transportation, and other public facilities.

In healthcare facilities, most infection control interventions are geared to reduce direct or
indirect contact transmission of pathogens. These emphasize personnel education and
surveillance of behaviors such as hand hygiene and compliance with checklist protocols. These
interventions for limiting airborne transmission (Aliabadi et al. 2011) are largely restricted to a
relatively small list of diseases from pathogens which only spread through the air. Now that
microbiologists understand that many pathogens can travel through both contact and airborne
routes, the role of indoor air management has become critical to successful prevention efforts.
In view of the broader understanding of flexible pathogen transmission modes, healthcare
facilities now use multiple modalities simultaneously, known as “infection control bundles”.
(Apisarnthanarak et al. 2009, et al. 201043, et al. 2010b; Cheng et al. 2010). For example, in the
case of two diseases that clearly utilize airborne transmission such as tuberculosis and measles,
bundling includes administrative regulations, environmental controls and personal protective
equipment protocols in healthcare settings. This more comprehensive approach is needed to
control pathogens, which can utilize both contact and airborne transmission pathways. Similar
strategies may be appropriate for non-healthcare spaces such as public transit and airplanes,
schools, shelters and prisons, that may be subject to close contact of occupants.

Many buildings are fully or partially naturally ventilated. They may use operable windows and
rely on intentional and unintentional openings in the building envelope. These strategies create
different risks and benefits. Obviously, the airflow in these buildings is variable and
unpredictable, as are the resulting air distribution patterns, and so the ability to actively manage
risk is much reduced. Naturally ventilated buildings can go beyond random opening of windows
and be engineered intentionally to achieve ventilation strategies and thereby reduce risk from
infectious aerosols. Generally speaking, designs that achieve higher ventilation rates will reduce
risk. On the other hand, such buildings will be more affected by local outdoor air quality,
including the level of allergens and pollutants within outdoor air, varying temperature and
humidity conditions, and flying insects. The World Health Organization has published Guidelines
for naturally ventilated buildings, which should be consulted in such projects. (Atkinson et al.
2009)

3.2 Ventilation and Air-Cleaning Strategies

The design and operation of HVAC systems can affect infectious aerosol transport, but they are
only one part of an infection control bundle. The following HVAC strategies have the potential
to reduce the risks: air distribution patterns, differential room pressurization, personalized
ventilation, source capture ventilation, filtration (central or local) and controlling indoor
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temperature and relative humidity. eeWhile UVGI is well researched and validated, many new
technologies are not (ASHRAE 2018). (Evidence Level B)

Ventilation with effective airflow patterns (Pantelic and Tham, 2013) is a primary infectious
disease control strategy through dilution of room air around a source and removal of infectious
agents (CDC 2005). However, it remains unclear by how much infectious particle loads must be
reduced (infectious dose varies widely among different pathogens) to achieve a measurable
reduction in disease transmissions and whether these reductions warrant the associated cost
(Pantelic and Tham, 2012; Pantelic et al., 2011). (Evidence Level B)

Room pressure differentials and directional airflow are important for controlling airflow
between zones in a building (Siegel et al. 2007; CDC 2005) (Evidence Level B). Some designs for
Airborne Infection Isolation Rooms (AlIRs) incorporate supplemental dilution or exhaust/capture
ventilation (CDC 2005). Interestingly, criteria for AlIRs differ substantially between regions and
countries in several ways, including air supply into anterooms, exhaust from space, and required
amounts of ventilation air (Subhash et al. 2013; Fusco et al. 2012). A recent ASHRAE Research
Project found convincing evidence that a properly configured and operated anteroom is an
effective means to maintain pressure differentials and create containment in hospital rooms
(Siegel et al. 2007; CO-RP-03). Where a significant risk of transmission of airborne aerosols has
been identified by infection control risk assessments, design of AlIRs should include anterooms
(Evidence Level A).

The use of highly efficient particle filtration in centralized HVAC systems reduces the airborne
load of infectious particles (Azimi and Stephens 2013). This strategy reduces the transport of
infectious agents from one area to another when these areas share the same central HVAC
system through supply of recirculated air. When appropriately selected and deployed, single-
space high efficiency filtration units (either ceiling mounted or portable) can be highly effective
in reducing/lowering room air concentrations of infectious aerosols in a single space. They also
achieve directional airflow source control that provides exposure protection even at the patient
bedside (Miller-Leiden et al. 1996, Mead et al. 2004, Kujundzic et al. 2006, CDC 2012, Dungi et
al. 2015). Filtration will not eliminate all risk of transmission of airborne particulates because
many other factors besides infectious aerosol concentration contribute to disease transmission.
(Evidence Level A)

The entire UV spectrum can kill or inactivate microorganisms, but UV-C energy, in the
wavelengths from 200 nm to 280 nm, provides the most germicidal effect, with 265 nm being
the optimum wavelength. The majority of modern UVGI lamps create UV-C energy at a near-
optimum 254 nm wavelength. UVGI inactivates microorganisms by damaging the structure of
nucleic acids and proteins with the effectiveness dependent upon the UV dose and the
susceptibility of the microorganism. The safety of UV-C is well known. It does not penetrate
deeply into human tissue but it can penetrate the very outer surfaces of the eyes and skin, with
the eyes being most susceptible to damage. Therefore, shielding is needed to prevent direct
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exposure to the eyes. While ASHRAE’s Position Document on Filtration and Air Cleaning does
not make a recommendation for or against the use of ultraviolet energy in air systems for
minimizing the risks from infectious aerosols (ASHRAE 2015), the US CDC has approved UVGI as
an adjunct to filtration for reduction of tuberculosis risk and has published a guideline on its
application (CDC citation) (Evidence Level A). [Note: Optical radiation in longer wavelengths as
high as 405 nm is an emerging disinfection technology that may also have useful germicidal
effectiveness.

Personalized ventilation systems that provide local exhaust source control and/or supply 100%
outdoor, highly filtered, or UV disinfected air directly to the occupant’s breathing zone
(Bolashikov et al., 2009; Cermak et al. 2006; Pantelic et al., 2009. Pantelic et al, 2015; Licina et
al., 2015) may offer protection against exposure to contaminated air in the breathing zones of
occupants. Personalized ventilation may be effective against aerosols that travel both long
distances as well as short-ranges (Li 2011). Personalized ventilation systems, when coupled with
localized or personalized exhaust devices, further enhance the overall ability to mitigate
exposure in the breathing zones, as seen from both experimental and CFD studies in healthcare
settings (Yang et al. 2013, 2014, 2015; Bolashikov et al., 2015; Bivolarova et al., 2016). However,
there are no known epidemiological studies that demonstrate a reduction in infectious disease
transmission. (Evidence Level B).

Advanced techniques such as Computational Fluid Dynamics (CFD) analysis, if performed
properly with adequate expertise, can predict airflow patterns and probable flow path of
airborne contaminants in a space. Such analyses can be employed as a guiding tool during the
early stages of the design cycle. (Khankari, 2016, Khankari 2018a, Khankari 2018b, Khankari,
2018c¢).

Other factors, such as a) relative humidity, b) UV source to target distance, c) total pathogen and
organic load, and d) surface type, also have impacts on overall disinfection efficiency.

3.3 Temperature and Humidity

HVAC systems are typically designed to control temperature and humidity, which can in turn
influence transmissibility of infectious agents. Although HVAC systems can be designed to
control relative humidity (RH), there are practical challenges and potential negative effects of
maintaining certain RH setpoints in all climate zones. While the weight of evidence at this time
suggests that controlling RH reduces transmission of certain airborne infectious organisms,
including some strains of influenza, this PD encourages designers to give a careful consideration
to temperature and relative humidity issues. Recent evidence using metagenomic analysis
shows that controlling relative humidity (RH) can effectively reduce the transmission of
infectious aerosols as well as inhibit the viability of many viral and bacterial pathogens. In
addition, immuno-biologists have correlated mid-range humidity levels with improved
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mammalian immunity against respiratory infections. ASHRAE CO-RP-03 reports that the
scientific literature generally reflects the most unfavorable survival for micro-organisms when
RH is between 40%-60% (Evidence Level e). Introduction of water vapor to the indoor
environment to achieve the mid-range humidity levels associated with decreased infections
requires proper selection, operation and maintenance of humidification equipment. Cold winter
climates require proper building insulation to prevent thermal bridges which can lead to
condensation and mold growth. (ASHRAE, 2009). Other recent studies (Lax et al. 2015, 2017,
Taylor 2018) identified RH as a significant driver of patient infections. These studies showed that
RH below 40% is associated with three factors that increase infections. First, infectious aerosols
emitted from a primary host shrink rapidly to become droplet nuclei. These dormant, yet
infectious pathogens remain suspended in the air and are capable of travelling great distances.
When they encounter a hydrated secondary host, they are re-hydrated and able to propagate
the infection. Secondly, many viruses and bacteria are anhydrous resistant (add citation), and
actually have increased viability in low RH conditions. And finally, immuno-biologists have now
clarified the mechanisms through which ambient RH below 40% impairs mucus membrane
barriers and other steps in (add citation) immune system protection. (Evidence Level B). This PD
does not make a definitive recommendation on indoor temperature and humidity setpoints for
the purpose of controlling infectious aerosol transmission. Practitioners may use the
information above to make building design and operation decisions on a case-by-case basis.

3.4 Emerging Pathogens and Emergency Preparedness

Disease outbreaks (i.e. epidemics, pandemics) are increasing in frequency and reach. Pandemics
of the past have had devastating effects on affected populations. Novel microorganisms that can
be disseminated by infectious aerosols necessitate good design, construction, commissioning,
maintenance, advanced planning and emergency drills to facilitate fast action to mitigate
exposure. In many countries, common strategies include naturally ventilated buildings and
isolation. Control Banding is a risk management strategy that should be considered for applying
the hierarchy of controls to emerging pathogens, based on the likelihood and duration of
exposure and the infectivity and virulence of the pathogen (Sietsema 2019) (Evidence Level B).
Biological agents that may be used in terrorist attacks are addressed elsewhere (USDHHS 2002,
2003).

4. CONCLUSIONS AND RECOMMENDATIONS

Infectious aerosols can be disseminated through buildings by pathways that include air
distribution systems and interzone airflows. Various strategies have been found to be effective
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at controlling transmission, including optimized airflow patterns, directional airflow, zone
pressurization, dilution ventilation, in-room air cleaning systems, local exhaust ventilation,
personalized ventilation, local exhaust ventilation at the source, central system filtration, UV-C
and controlling indoor temperature and relative humidity. The design engineer can contribute
an essential contribution to reducing infectious aerosol transmission through the application of
these strategies. Research on the role of airborne dissemination and resuspension from surfaces
in pathogen transmission is rapidly evolving. Managing indoor air to control infections is an
exciting and effective intervention which adds another strategy to medical treatments and
behavioral interventions in disease prevention.

4.1 ASHRAE Positions

4.1.1 The HVAC design team should follow, as a minimum, the latest ASHRAE practice
standards and guidelines and, based upon risk assessment or owner project
requirements, go beyond the minimum requirements of these documents, using
techniques covered in ASHRAE’s publications including ASHRAE Handbooks, ASHRAE
research reports, and papers and articles published by ASHRAE to be even better
prepared to control the dissemination of infectious aerosols.

4.1.2 Mitigation of infectious aerosol transmission should be a consideration in the design of
all facilities. The appropriate mitigation design should be incorporated in those
identified as high-risk facilities.

4.1.3 The design and construction team, including HVAC designers, should engage in an
integrated design process in order to incorporate the appropriate bundle of infection
mitigation strategies in the early stages of design.

4.1.4 Buildings and transportation vehicles should, based on risk assessment, consider a
design that promotes cleaner airflow patterns for providing effective flow path for
airborne particulates to exit the space to less clean zones and uses appropriate air-
cleaning systems. (Evidence Level A)

4.1.5 Where a significant risk of transmission of airborne aerosols has been identified by
infection control risk assessments, design of AlIRs should include anterooms. (Evidence
Level A)

4.1.6 Based on risk assessment, consider the use of specific HVAC strategies supported by
the evidence-based literature including:
(i) enhanced filtration (higher MERYV filters over code minimum in occupant-dense
and/or higher-risk spaces) (Evidence Level A);
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(ii) upper-room UVGI (with possible in-room fans) as a supplement to supply airflow
(Evidence Level A);

(iii) local exhaust ventilation for source control (Evidence Level A);

(iv) personalized ventilation systems for certain high-risk tasks (Evidence Level B);
(v) portable free-standing HEPA filters (Evidence Level B); and

(vi) temperature and humidity control (Evidence Level B).

Design and build inherent capabilities (as outlined in 4.1.6 and 4.1.8) to respond to
emerging threats and plan and practice for them. (Evidence Level B)

Non healthcare buildings should have a plan for an emergency response. Modifications
to building HVAC system operation should be considered:

(i) Increase outdoor air ventilation (disable demand-controlled ventilation (DCV)) and
open outdoor air dampers to 100% as indoor and outdoor conditions permit;

(ii) Improve central air and other HVAC filtration to MERV-13 (cite 52.2) or higher level
achievable;

(iii) Keep systems running longer hours (24/7 if possible);

(iv) Add portable room air cleaners with HEPA or high MERV level filters with due
consideration to CADR (AHAM 2015);

(v) Add duct/AHU mounted UVGI, upper room and portable UVGI in connection to in-
room fans in high-density spaces such as waiting rooms, prisons and shelters;
(vi)-Maintain temperature and humidity as applicable to the infectious aerosol of
concern; and

(vii) Bypass energy recovery ventilation systems that leak potentially contaminated
exhaust air back into the outdoor air supply.

Hospital buildings should consider design and operation to:

(i) capture expiratory aerosols with headwall exhaust, tent or snorkel with exhaust, floor
to ceiling partitions with door supply and patient exhaust, local air HEPA grade
filtration;

(ii) exhaust of toilet and bed pan (essential);

(iii) Maintain temperature and humidity as applicable to the infectious aerosol of
concern;

(iv) deliver clean air to caregivers;

(v) maintaining negatively pressurized ICUs where infectious aerosols may be present;

(vi) maintain rooms with infectious aerosol concerns at negative pressure;

(vii) provide 100% exhaust of patient rooms;

(viii) use UVGI;

(ix) increase the outdoor air change rate (for example patient rooms from 2 ACH to 6
ACH); and,

(x) establish HVAC contributions to patient room turnover plan before re-occupancy.



4.2.1

4.2.2

4.2.3

4.24

4.2.5

5.

4.2 ASHRAE Commitments

Address research gaps with future research projects including:

(i) investigate and develop source generation variables for use in an updated
ventilation rate procedure;

(ii) understanding the impacts of air change rates in operating rooms on patient
outcomes;

(iii) determine effectiveness of location of supply, return and exhaust registers in
patient rooms;

(iv) conduct controlled interventional studies to quantify the relative airborne infection
control performance and cost-effectiveness of specific engineering strategies,
individually and in combination, in field applications of high-risk occupancies;

(v) evaluate and compare options to create surge airborne isolation space and
temporary negative pressure isolation space and the impacts on overall building
operation; and

(vi) understanding the appropriate application of humidity and temperature control
strategies across climate zones on infectious aerosol transmission.

(vii) Investigate how Control Banding techniques can be applied to manage the risk of
infectious aerosol dissemination.

Partner with infection prevention, infectious disease, occupational health experts and
building owners to evaluate emerging control strategies and provide evidence-based
recommendations.

Educate stakeholders and disseminate best practices.

Create a database to track and share knowledge on effective, protective engineering
design strategies.

Update standards and guidelines to reflect protective evidence-based strategies.
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