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Buildings have been associated with spread of infectious dis-
eases, such as outbreaks of measles, influenza, and Legionella. With
SARS-CoV-2, the majority of outbreaks involving 3 or more people
have been linked with time spent indoors, and evidence confirms
that far-field airborne transmission (defined as within-room but be-
yond 6 feet) of SARS-CoV-2 is occurring.1

Controlling concentrations of indoor respiratory aerosols to re-
duce airborne transmission of infectious agents is critical and can be
achieved through source control (masking, physical distancing) and
engineering controls (ventilation and filtration).2 With respect to

engineering controls, an impor-
tant flaw exists in how most
buildings operate in that the cur-
rent standards for ventilation

and filtration for indoor spaces, except for hospitals, are set for bare
minimums and not designed for infection control. Several organi-
zations and groups have called for increasing outdoor air ventila-
tion rates, but, to date, there has been limited guidance on specific
ventilation and filtration targets. This article describes the ratio-
nale for limiting far-field airborne transmission of SARS-CoV-2
through increasing outdoor air ventilation and enhancing filtration,
and provides suggested targets.

To reduce far-field airborne transmission of SARS-CoV-2 in small-
volume indoor spaces (eg, classrooms, retail shops, homes if guests
are visiting), the suggestions include targeting 4 to 6 air changes per
hour, through any combination of the following: outdoor air venti-
lation; recirculated air that passes through a filter with at least a mini-
mum efficiency rating value 13 (MERV 13) rating; or passage of air
through portable air cleaners with HEPA (high-efficiency particu-
late air) filters.

Despite the dose-response for SARS-CoV-2 being unknown,
and continued scientific debate about the dominant mode of trans-
mission, evidence support these suggestions. First, SARS-CoV-2 is
primarily transmitted from the exhaled respiratory aerosols of
infected individuals. Larger droplets (>100 μm) can settle out of the
air due to gravitational forces within 6 feet, but people emit 100
times more smaller aerosols (<5 μm) during talking, breathing, and
coughing. Smaller aerosols can stay aloft for 30 minutes to hours
and travel well beyond 6 feet.1 Second, high-profile and well-
described SARS-CoV-2 outbreaks across multiple space types
(eg, restaurants, gyms, choir practice, schools, buses) share the
common features of time indoors and low levels of ventilation,
even when people remained physically distanced.3

Third, these suggestions are grounded in the basics of expo-
sure science and inhalation dose risk reduction. Higher ventilation
and filtration rates more rapidly remove particles from indoor air,
thereby reducing the intensity of exposure and duration that
respiratory aerosols stay aloft inside a room. Fourth, this approach
is consistent with what is used in hospitals to minimize risk of
transmission (eTable in the Supplement). Fifth, reviews on the
relationship between ventilation and infectious diseases found
that the weight of evidence indicates ventilation plays a key role in

infectious disease transmission, citing observational epidemiologi-
cal studies showing low ventilation associated with transmission
of measles, tuberculosis, rhinovirus, influenza, and SARS-CoV-1.4-6

All 3 reviews note the limited number of research papers on this
topic and limitations of observational data. Sixth, more recently,
the National Institute of Allergy and Infectious Diseases cited
the importance of adequate ventilation in the suite of COVID-19
control measures,2 and the Centers for Disease Control and Pre-
vention and the American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE) support higher ventilation
rates and enhanced filtration as components of holistic risk reduc-
tion strategies.

Current Indoor Air Ventilation Measures and Standards
Current ventilation standards for most indoor spaces are estab-
lished by ASHRAE.7 These standards have been designed with the
goal of diluting bioeffluents (such as odors from people) and achiev-
ing basic levels of acceptable indoor air quality, rather than infec-
tion control.8

While multiple conventions exist to describe ventilation rate
(eg, total volumetric flow, volumetric flow per person and area, out-
door air ventilation rates), air exchange rate is frequently used in
health care settings and commonly expressed in units of air changes
per hour (ACH).

The existing minimum standards for ACH vary based on build-
ing type (eTable in the Supplement). For example, according to
ASHRAE, the predominant standard-setting organization for ven-
tilation rates, the minimum required total ACH that occur in most
households is 0.35 ACH of outdoor air, and schools should be de-
signed for approximately 10 times higher rates, although most
schools do not meet this in practice.9 The suggestion for increasing
the target to 4 to 6 ACH is more consistent with rates set in hospi-
tals, where the higher ACH requirements underscore the potential
role of air change rates as an infection control strategy.

Current Air Filtration Measures and Standards
In addition to air ventilation from outdoor air, respiratory aerosols
can also be removed through air filtration. Filtered air can there-
fore be considered in terms of equivalent air changes per hour (ACHe)
and added to the ACH from outdoor air.

Clean air delivery rate (CADR) is a term used to describe the
amount of clean air delivered to a space as determined by filtration
effectiveness and the amount of air moving through that filter.
Portable air cleaners commonly use CADR to describe their effec-
tiveness. For example, if a portable air cleaner has a high-efficiency
particulate air (HEPA) filter, it will capture 99.97% of aerosols at
0.3 μm. Filter efficacy is commonly reported based on the aerosol
size against which the filter performs most poorly (0.3 μm),
although a HEPA filter will capture an even greater percentage of
aerosols larger (and smaller) than 0.3 μm.

The CADR metric is valuable because it can be used to estimate
the ACH of virus-free air being delivered to the room. The estimated
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ACHe is calculated as [CADR in ft3/min × 60 min] divided by the room
volume in ft3. A device with a CADR of 300 in a 500-square-foot room
with 8-foot ceilings will therefore deliver 4.5 ACH.

This same filtration concept can be applied to air that is recir-
culated through a central mechanical ventilation system or within-
room ventilation system. However, most central mechanical sys-
tems were not designed for HEPA filters. Instead, these systems
use filters on a different rating scale, minimum efficiency reporting
value, or MERV, and typically use a low-grade filter (eg, MERV 8)
that captures only approximately 15% of 0.3- to 1-μm particles,
50% of 1- to 3-μm particles, and 74% of 3- to 10μm particles.4 For
infection control, buildings should upgrade to MERV 13 filters when
possible, which could capture approximately 66%, 92%, and 98%,
of these sized particles, respectively. These MERV values can be
applied to the estimate of the overall clean air delivery rate for the
room as with HEPA filters, but, instead of using near 100% capture
efficiency for HEPA, the calculation has to be adjusted for the lower
capture efficiencies of whichever MERV filter is used. Upgrading fil-
ters in mechanical systems is particularly important in buildings
that use systems that recirculate air within the same room or same
local ventilation zone.

Practical Design Considerations When Increasing
Air Exchange and Filtration
Implementing changes to air ventilation and filtration to any build-
ing will have several important and practical design considerations.

First, increasing air exchange rates involves trade-offs includ-
ing the added costs of moving more air as well as heating or cooling
this larger volume of air. These added costs could be limited by
using energy-efficient systems and “smart” systems that deliver air
when the space is occupied. In addition, when appropriate, natural
ventilation (eg, open windows) also could minimize the costs of
achieving increased ventilation.

Second, improving indoor air ventilation and filtration only ac-
counts for far-field (ie, beyond 6 feet) aerosol transmission and does
not significantly influence close contact transmission. Wearing masks

is still important indoors for source control and for close contact with
individuals even when high air exchange rates are achieved.

Third, the utility of air changes per hour over a volumetric flow
approach to ventilation is most useful in small rooms with ceiling
heights generally less than 12 feet. In rooms with higher ceilings (eg,
gymnasiums, atria), aerosols will dilute into the larger space and volu-
metric flow per area or per person would be a more appropriate mea-
sure that takes into account occupant density and activity level,
which also influence aerosol emission rates.

Fourth, air exchange rates are useful under typical or low-
occupant-density scenarios, as should be happening during a pan-
demic. In places with large occupancy limits, or if more people are
added to a smaller space than it is designed for, ventilation needs
to scale up accordingly.

Fifth, in locations where masks are not worn all of the time, like
restaurants, additional strategies are needed including increasing to
higher air change per hour targets, workers wearing high-
efficiency masks, patrons wearing masks at all times other than while
actively eating or drinking, and everyone inside physically distanc-
ing at least 6 feet.

Sixth, while these design considerations are important to re-
ducing airborne transmission in the current context of the COVID-19
pandemic, improved air ventilation and filtration is a strategy that
should be considered for continued use in buildings going forward
because of associations with lower work and school absenteeism,
better performance on cognitive function tests, and fewer sick build-
ing syndrome symptoms, such as headache and fatigue.10

Conclusions
Increasing air changes per hour and air filtration is a simplified but
important concept that could be deployed to help reduce risk from
within-room, far-field airborne transmission of SARS-CoV-2 and other
respiratory infectious diseases. Healthy building controls like higher
ventilation and enhanced filtration are a fundamental, but often over-
looked, part of risk reduction strategies that could have benefit be-
yond the current pandemic.
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