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Abstract

Objective. Current epidemiologic predictions of COVID-19
suggest that SARS-CoV-2 mitigation strategies must be
implemented long-term. In-office aerosol-generating proce-
dures pose a risk to staff and patients while necessitating
examination room shutdown to allow aerosol decontamina-
tion by indwelling ventilation. This review summarizes the
current state of knowledge on portable high-efficiency parti-
culate air (HEPA) purifiers’ effectiveness in eliminating air-
borne SARS-CoV-2 from indoor environments.

Data Sources. Medline, Embase, Cochrane Databases, and
the World Health Organization’s COVID-19 Global Litera-
ture on Coronavirus Disease.

Review Methods. Data sources were systematically searched
for original English-language published studies indexed up to
January 14, 2021 per the following search strategy: (‘‘HEPA’’
OR ‘‘High-efficiency’’ OR ‘‘High-efficiency particulate air’’
OR ‘‘Efficiency particulate’’ OR ‘‘Purifier’’ OR ‘‘Filter’’ OR
‘‘Cleaner’’ OR ‘‘Filtration’’) AND (‘‘COVID’’ OR ‘‘COVID-
19’’ OR ‘‘SARS-CoV-2’’ OR ‘‘Coronavirus’’). Additional rele-
vant studies were identified by searching the reference lists
of included articles.

Results. Eleven published studies have evaluated the effective-
ness of portable HEPA purifiers in eliminating airborne SARS-
CoV-2 with relevantly sized surrogate particles. Ten studies
evaluated aerosols and submicron particles similar in size to
SARS-CoV-2 virions. In all studies, portable HEPA purifiers were
able to significantly reduce airborne SARS-CoV-2-surrogate par-
ticles. The addition of portable HEPA purifiers augmented other
decontamination strategies such as ventilation.

Conclusion. Experimental studies provide evidence for porta-
ble HEPA purifiers’ potential to eliminate airborne SARS-
CoV-2 and augment primary decontamination strategies
such as ventilation. Based on filtration rates, additional air
exchanges provided by portable HEPA purifiers may be cal-
culated and room shutdown times potentially reduced after
aerosol-generating procedures.
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T
he airborne transmission of severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2), the causative

agent for coronavirus disease 2019 (COVID-19), rep-

resents one of the most common—and therefore significant—

disease transmission routes.1-3 As indoor environments

may increase the risk of transmission for SARS-CoV-2 by

containment and concentration of airborne virus, different air

decontamination strategies have been recommended for trans-

mission control.4 While indwelling ventilation systems that

have been designed and built for infection control are the

ideal means for clearance of airborne virus, many facilities

are neither equipped with such ventilation systems nor able to

be retrofitted in a practical or cost-effective way. In response

to the urgent and continued need for infection control strate-

gies for airborne SARS-CoV-2, portable air purifiers have

been recommended as an adjunctive means for indoor decon-

tamination.4-6 Indeed, portable high-efficiency particulate air

(HEPA) purifiers have been recommended to increase the

aerosol decontamination efficiency of more traditional sys-

tems, such as indoor and outside air ventilation.5,6 Hence,

there is a need to better understand the efficacy of portable

HEPA purifiers and how they should be implemented for

indoor decontamination of airborne SARS-CoV-2 and control

of COVID-19 spread.

Aerosol-generating procedures (AGPs) are frequently per-

formed in clinics worldwide.7-10 While it is recommended to
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perform these procedures in airborne infection isolation (nega-

tive pressure) rooms—including those procedures that pose the

risk of coughing and uncontrolled respiratory secretions, such

as bronchoscopy or peritonsillar abscess drainage—the num-

bers of these specialized rooms available in clinics and hospi-

tals around the world are not sufficient to accommodate the

volume of patients who need AGPs.11-15 In the absence of

rooms with appropriate negative air pressure control, many

indoor spaces (especially older buildings) rely on heating, ven-

tilation, and air conditioning (HVAC) systems alone.16,17 The

US Centers for Disease Control and Prevention (CDC) has pro-

vided guidance for the length of time that a room should be

closed (‘‘shutdown time’’) to adequately decontaminate air-

borne SARS-CoV-2 with an HVAC system, which is based on

the system’s air exchange rates (air changes per hour [ACHs]).5

Indeed, many otolaryngology clinics have been depending on

their indwelling HVAC for air decontamination after AGPs

and hence shutting down clinic examination rooms in between

patients for time periods based on CDC guidelines. Because the

time required for efficient airborne-contaminant removal is

strongly associated with the indwelling HVAC’s ACH, room

shutdown time has been a major challenge for medical prac-

tices that perform frequent AGPs. If the ACH is low, it can take

45 minutes to .1 hour (for realistic ACHs currently faced by

providers) until airborne contaminants are efficiently removed

from indoor environments.5 Although warmer weather leading

to more outdoor activities and the proliferation of SARS-CoV-

2 vaccines are anticipated to provide better control of COVID-

19, the development and spread of SARS-CoV-2 mutants sug-

gest that COVID-19 will be a lasting challenge to society and

the practice of medicine. As a result, practical long-term

options are needed for air decontamination after the perfor-

mance of AGPs in the office, without the need to close down

clinic examination rooms and reduce clinical volume for unsus-

tainable lengths of time.

Portable air cleaners (PACs) represent an affordable option

to enhance air filtration. Indeed, portable HEPA purifiers—

specifically, PACs that are equipped with a filter that removes

at least 99.97% of airborne particles approximately 0.15 mm

in diameter—have been proposed by the CDC for infection

prevention and control during and immediately following an

AGP.6,18-20 However, as the research literature on the effec-

tiveness of HEPA filters and PACs during COVID-19 and rel-

evant airborne particle sizes has been scant and scattered in

different fields of research, there is a lack of a summary of the

data supporting HEPA purifiers as an adjunctive decontami-

nation strategy. Hence, this review aimed to accumulate and

synthesize the evidence for portable HEPA purifiers’ effi-

ciency to decontaminate airborne SARS-CoV-2.

Methods

Search Strategy

We performed a systematic review according to the PRISMA

guidelines (Preferred Reporting Items for Systematic Reviews

and Meta-analyses).21 Two independent reviewers (D.T.L. and

A.R.S.) searched Medline, Embase, the Cochrane Library, and

the World Health Organization’s COVID-19 Global Literature

on Coronavirus Disease database. The search strategy included a

combination of keywords for the following 2 concepts: HEPA

purifier and COVID-19. We searched databases from inception

to January 14, 2021, for the following search terms: (HEPA OR

High-efficiency OR High-efficiency particulate air OR Effi-

ciency particulate OR Purifier OR Filter OR Cleaner OR Filtra-

tion) AND (COVID OR COVID-19 OR SARS-CoV-2 OR

Coronavirus). Additional articles were identified by screening

reference lists of all articles meeting the inclusion criteria.

Selection Criteria

We followed the PICO approach to formulate the following

research question22: What is the efficiency (O: outcome) of por-

table HEPA filter–based PACs (I: intervention) in an indoor/

closed-chamber setting to eliminate airborne SARS-CoV-2 with

relevantly sized surrogate particles (P: problem)? This review is

limited to experimental studies comparing PACs with HEPA

and non-HEPA filters, no ventilation, and natural ventilation set-

tings (C: comparison) to evaluate filter efficiency. Experimental

studies required the following criteria to be eligible for this sys-

tematic review: reported particle sizes \1 mm (\1000 mm),

published in the English language, used HEPA filter–based

PACs, and conducted in an indoor environment.

Data Extraction

Following inclusion and full-text review, 2 reviewers (D.T.L.

and A.R.S.) independently extracted the following informa-

tion when available: author, year of publication, room setting

in which the experiment was conducted, ventilation setting,

air purifiers evaluated, aerosol particle generator, particle

sizes evaluated, particle detector used, experimental setting,

main results, and interpretation of results.

Results
Search and Study Characteristics

The initial screening process returned 2653 citations, from

which we removed 522 due to duplicate results. We screened

the titles and abstracts of 2131 articles, from which we per-

formed full-text review for 40 articles (Figure 1). Finally, 11

articles met our inclusion criteria and were included in the

review (Supplementary Tables S1 and S2, available online).

All studies performed experiments in an indoor environment and

evaluated the aerosol removal efficiency of HEPA filter–based

PACs. Studies were published between 1985 and 2021.23-33

Room Setting and Room Ventilation

Experimental room sizes varied considerably among stud-

ies,23-33 ranging between 14.75 and 108 m3. Two studies

evaluated filter efficiency in a setting with no additional venti-

lation.24,25 Five studies performed experiments in a minimal

ventilation setting,28,31-34 while the remaining 4 studies com-

pared ventilation and no-ventilation settings.26,27,29,35 Room

ventilation was reported as ACH (h–1), which is defined as the

air volume that is added to or removed from the testing room

in 1 hour, divided by the room’s volume. In those 4 studies

that compared ventilation with no-ventilation settings, all air
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change rates ranged from 2 to 32 h–1 (one study did not spe-

cify ventilation rates).

Portable Air Purifier Tested

We summarize all PAC models in this review in Table 1. The

exact PAC model type was reported in 6 studies. Four studies

evaluated 1 portable HEPA model. Six studies compared

PACs with HEPA and non-HEPA filters, while the remaining

study compared 6 portable HEPA filter–based PACs. Zuraimi

et al compared filter efficacy among PACs based on an elec-

tret filter, HEPA filter, electrostatic precipitator (ESP), nega-

tive ion generator (ION), photocatalytic oxidation (PCO),

Table 1. Filter Types and Specifications.

Portable air cleaner Specifications

Mechanical air filter Removes by capturing particles in filter material

Panel/flat filter Most simple filter type

Extended surface/pleated filter Advanced panel filters with higher efficiency

HEPA filter Most efficient mechanical filter type

Hybrid air filter Combines mechanisms of mechanical and electronic air filter

Electret filter Electrically charged filter media augments mechanical filtering

Electronic air cleaner Uses electrostatic attraction to trap particles

Electrostatic precipitator Charges particles that are then collected within the device

Negative ion generator Releases ions into the air

UV light pollutant eliminator Uses UV light technology to destroy pollutants

UV germicidal irradiation Uses short-wavelength UV light to inactivate and kill pathogens

Photocatalytic oxidation UV light activates a catalyst, which then releases electrons that interact with water molecules

Ozone (O3) generator Generates ozone

Abbreviations: HEPA, high-efficiency particulate air; UV, ultraviolet.
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ozone generator (O3), and ultraviolet germicidal irradiation

(UVG).32 Offermann et al evaluated the efficiency of PACs

based on a foam filter, electret filter, HEPA filter, ESP, and

ION.28 Similarly, Zuraimi et al compared the filter efficacy of

PACs based on a electret filter, HEPA filter, ESP, and ION.33

Likewise, Mølgaard et al compared PACs based on a particle

filter, HEPA filter, ION, and ESP.31 Waring et al compared

the filter efficacy of PACs based on a HEPA filter, ION, and

ESP, while Miller-Leiden et al compared a HEPA filter–

based PAC against a standard PAC with a filter of 95% effi-

ciency at 0.3 mm.27

Aerosol Particles and Sizes Evaluated

The aerosol particle–generating procedure was reported in all

studies except for 1. Two studies used NaCl aerosols (sodium

chloride),32,33 while 1 study used NaCl and oily aerosols

(di-ethyl-hexyl-sebacat) for its experiments.31 Miller-Leiden

et al assessed filter efficiency based on chemical aerosols

(oleic acid) and bacterial particles (suspension of Bacillus

subtilis).27 Ren et al35 and Waring et al34 created particles by

burning incense sticks, while Bluyssen et al26 used air-filled

soap bubbles. Peck et al evaluated diesel particles and KCl

(potassium chloride) particles during their experiments.25

Offermann et al used tobacco smoke generated by a cigarette

smoking machine to assess PAC efficiency. The exact sizes

and range of aerosol particles investigated were reported in all

studies.28 Bluyssen et al evaluated air-filled soap bubbles

‘‘with diameters in the submillimeter range’’ (\1000 mm).

All other studies evaluated aerosol particle sizes ranging

between 0.012 and 19.81 mm.26

Experimental Settings

The test protocol to measure PAC efficiency varied signifi-

cantly among studies. The clean air delivery rate (CADR)—

usually cubic feet per minute (ft3/m) or square meter per hour

(m3/h)—is defined as the volume of purified air that has had

all the particles of a given size distribution removed. Thus, the

higher the CADR, the more efficient the PAC for particles of

a given size range. The CADR was reported in 5 studies.

Among these, 4 used a similar protocol in which the authors

measured (1) the aerosol concentration with the PAC turned

off (‘‘natural decay’’) and (2) the aerosol concentration with

the PAC turned on after an aerosol injection phase. The

CADR was also reported in the study by Mølgaard et al, in

which the authors measured particle concentration in no-PAC

and PAC settings while the aerosol generator was constantly

turned on.31

PACs: HEPA Filter vs Non–HEPA Filter

While SARS-CoV-2 virions are approximately 0.1 mm in dia-

meter,36 larger respiratory droplets and aerosols (.1 mm)

have been found to harbor the virions as well.37,38 As men-

tioned, studies that assessed filter efficiency of HEPA and

non-HEPA PACs covered not only the size of SARS-CoV-2

virions themselves but also that of larger respiratory droplets

and aerosols that may harbor the virions. Starting with the

study that evaluated the smallest particle size (ascending

order), Mølgaard et al compared the filter efficiency of PACs

based on a particle filter, HEPA filter, ION, and ESP for parti-

cles between 0.012 and 10 mm. The authors found that the

HEPA filter–based PACs removed particles most effectively

(highest CADR) and with an efficiency that was essentially

independent of particle size, followed by the particle filter. In

comparison, the ION- and ESP-based PACs were least effi-

cient, and CADR was particle size dependent: while the ION-

based PAC was more efficient at smaller particle sizes, the

ESP was more efficient at larger sizes.31 Waring et al assessed

and compared the filter efficiency of PACs based on a HEPA

filter, ION, and ESP for particles ranging from 0.0126 to

0.514 mm. The authors found the highest CADR (m3/h) for 1

of the HEPA filter–based PACs, followed by the ESP-based

and the other HEPA filter–based PACs. Both ION-based

PACs were least efficient during their study.34 Zuraimi et al

compared the filter efficiency of PACs based on an electret

filter, HEPA filter, ESP, and ION for particle sizes ranging

from 0.0141 to 19.81 mm. The authors indicated that the

PACs based on ESP, a HEPA filter, and electret filter were

similarly effective, with the ESP-based PACs showing the

highest size-resolved CADR across nearly all particle sizes

evaluated. The least efficient was the ION-based PAC during

their study.33 Zuraimi et al conducted a second study in which

they compared the filter efficiency of PACs based on a elec-

tret filter, HEPA filter, ESP, ION, PCO, O3, and UVG for par-

ticle sizes ranging from 0.014 to 0.532 mm. They classified

evaluated PACs into 3 groups according to their efficiency:

high-performing PACs (HEPA filter, electret filter, and ESP),

low-performing PACs (ION based), and very poorly perform-

ing PACs (PCO, O3, and UVG).32 Miller-Leiden et al com-

pared PACs with HEPA and non-HEPA filters with 95%

efficiency at 0.3 mm for chemical and bacterial particles .0.8

mm and .0.4 mm, respectively. They concluded that PACs

with efficient but non-HEPA filters were as efficient as those

with true HEPA filters.27

Efficiency of HEPA Filter–Based PACs: Particle Size

Peck et al evaluated the efficiency of 6 HEPA filter–based

PACs for particles sized between 0.03 and 10 mm. The

authors found that the CADR varied significantly by particle

size, with the lowest CADRs for particles \0.1 mm.25 Ren

et al assessed 1 HEPA filter–based PAC’s efficiency for parti-

cles of 3 distinct sizes: 0.3, 0.5, and 1.0 mm. The authors

noted that the HEPA filter–based PAC removed particles of

all sizes evaluated after a 5-minute injection phase, followed

by a 30-minute observation-and-filter period.35 Similarly,

Mousavi et al evaluated the filter efficiency of 2 identical

HEPA filter–based PACs for particles of 3 distinct sizes: 0.3,

1.0, and 3.0 mm. The authors showed that the HEPA filter–

based PAC reduced aerosol concentration noticeably, even

when operating only for a short period (ie, 3 minutes).24 Qian

et al evaluated the filter efficiency of a single HEPA filter–

based PAC for particles of 4 size ranges: \1, 1 to 5, 5 to 10,

and .10 mm. They showed that a HEPA filter–based PAC

effectively decreased the particle concentration of all sizes

evaluated.29 Bluyssen et al evaluated the filter efficiency of a
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single HEPA filter–based PAC for particles \1000 mm. The

authors stated that the particle count was significantly lower

when the HEPA filter–based PAC was turned on as compared

with a no-filter setting after 10 minutes of particle generation.26

Impact of Room Ventilation on Filter Efficiency

Three studies evaluated the impact of different room ventila-

tion settings on PAC filter efficiency. Miller-Leiden et al per-

formed experiments with 3 ventilation rates (ie, HVAC

ACH): 0 (no ventilation), 2 h–1, and 6 h–1. The authors found

contrary results regarding the association between ventilation

rates and filter efficiency. While the effectiveness increased

with higher ventilation rates in some settings, they observed

the opposite in other cases.27 Ren et al also evaluated the

impact of mechanical ventilation and PAC on particle

removal efficiency. The authors assessed various ventilation

settings, with ACH rates ranging from 2 to 32 h–1. They indi-

cated that particle concentrations decreased faster in rooms

with higher ventilation rates and that a HEPA filter–based

PAC additionally augmented the decrease of particle concen-

tration.23 Qian et al evaluated the impact of an operating

HVAC system and a HEPA filter–based PAC on particle

decay rates and noted that the particle decay curve was stee-

pest when both systems were turned on.29 In other words,

HEPA purifiers were found to augment other means of room

ventilation for airborne particle decontamination.

Impact of PAC Placement on Filter Efficiency

One study evaluated the impact of PAC placement on filter

efficiency. Bluyssen et al performed experiments where they

placed 1 HEPA filter–based PAC in front and 1 behind a

particle generator. The particles were counted in front of the

particle generator.26 While both PACs removed particles effi-

ciently, the authors found that the PAC placed in front of the

subject removed most particles when it was turned on the high-

est airflow rate setting. Interestingly, the PAC placed behind

the subject removed most particles when it was turned on the

second-highest airflow rate setting. The authors hypothesized

that different PAC positions created different turbulence pat-

terns within the room, leading to reported results.

Discussion

The COVID-19 pandemic has kept the world in suspense

since its outbreak in December 2019, and its persistence—

despite the proliferation of vaccines—is ensured by the devel-

opment of mutant SARS-CoV-2 variants. Airborne transmis-

sion represents the dominant route of infection,1-3 and several

protective measures have been recommended for indoor

environments, such as ensuring proper ventilation with out-

side air or activation of HVAC systems to decontaminate the

air.6 However, rooms without windows and older HVAC sys-

tems with a lower ACH limit those simple decontamination

strategies. Hence, other strategies are urgently needed. The

CDC has recommended using portable HEPA filter–based

PACs to augment primary decontamination strategies based

on HVAC systems for airborne infectious agents, including

during the COVID-19 pandemic.5 However, literature is

limited on HEPA filter–based PACs’ effectiveness in various

settings and for different particle sizes. In this systematic

review, we have synthesized experimental studies from vari-

ous research fields and prevailing evidence for the efficacy of

HEPA filter–based PACs to decontaminate airborne particles

of sizes relevant for SARS-CoV-2. We found that HEPA

filter–based PACs were among the most efficient PACs for

removing particles in the size range of SARS-CoV-2 virions

and larger aerosols or respiratory droplets that are believed to

harbor the virions.

Regarding HEPA filter–based PACs’ efficiency as com-

pared with other PAC models, our review revealed that tested

HEPA filter–based PACs were always the most efficient ones

evaluated except for 1 study, in which an ESP–based PAC

performed slightly better.33 This is not surprising, as HEPA

filters must adhere to very stringent standards, filtering at

least 99.97% of aerosols tested with a size of approximately

0.15 mm in diameter and with even greater efficiency for

other particle sizes (larger and smaller).6,18,19 Furthermore,

the US Environmental Protection Agency (EPA) recommends

consideration of HEPA filter usage when choosing a PAC.6

With respect to decontamination of airborne particles and

aerosols after AGPs in clinic or hospital treatment rooms,

most facilities are equipped with HVAC systems.39,40 How-

ever, many of these are limited in their ACH, which conse-

quently limits turnover times significantly after AGPs (ie,

from 46 to .120 minutes).5 As common otolaryngology pro-

cedures are classified as AGPs or possible AGPs (based on

the patient’s response and therefore approached as an AGP),7-

10 the ACHs of older facilities or those not designed with

infection control in mind could greatly limit the number of

patient encounters due to the need for adequate room shut-

down times. Portable air purifiers—especially those that are

HEPA filter based—may provide an easy solution to augment

primary decontamination strategies based only on HVAC sys-

tems and significantly improve turnover times after patient

contacts.

The role of PAC placement on filter efficiency has been

investigated, and the EPA has provided guidance on PAC pla-

cement in an indoor setting. In summary, the EPA recommends

placing the PACs (1) near the source of pollutants if present,

(2) near the breathing zone of residents, and (3) not behind fur-

niture (ie, open space).41 Similarly, Bluyssen et al tested 2 PAC

positions and found that the HEPA filter–based PAC removed

particles effectively, irrespective of positioning.26

HEPA filter–based PACs—combined with HVAC systems

or as stand-alone air decontamination systems—remove

SARS-CoV-2 surrogate particles effectively and may be con-

sidered in indoor rooms with limited air ventilation to reduce

turnover times after AGPs and medical procedures in general.

Although HEPA filter–based PACs can be easily purchased

online, consumers are cautioned that a true HEPA filter–

based PAC has to meet stringent criteria and has to be tested

and certified by the International Organization for Standardi-

zation (ISO 29463) or the US Institute of Environmental

Sciences and Technology (IEST-RP-CC001.6). The exact

quantitative details of the degree to which HEPA purifiers

Liu et al 5



may reduce room shutdown times in the clinic is still to be

debated, and implementation policies must be determined on

an institutional basis. However, several previously reported

quantitative findings may be of help. Previous research by the

EPA has shown that the concentration of an airborne particle

as a function of time, C(t), that is being decontaminated by an

air purifier can be calculated as follows42:

C tð Þ5C0e
� CADR=Vð Þt,

where CADR reflects the clean air delivery rate for the partic-

ular particle size and V indicates the volume of the room

where the air purifier is placed. Moreover, the ACH attributa-

ble to an air purifier could be calculated as follows:

ACH5 CADR=Vð Þ360h�1:

The amount of time needed for an air purifier to decontami-

nate the concentration of an airborne particle by 99% (as used

by the CDC to determine guideline room shutdown times)5

can be calculated as follows:

shutdown time minð Þ5½�ln 0:01ð Þ360�=ACH:

Finally, present-day commercially available air purifiers most

commonly report CADR for 3 classes of particle size: smoke

(0.1-1 mm), dust (1-30 mm), and pollens (2.5-80 mm). As the

smoke CADR is typically the least efficient, one may reason-

ably consider it as conservatively reflective of a PAC’s ability

to decontaminate airborne particles of relevance to SARS-

CoV-2, or one may even build in an additional safety buffer

by arbitrarily lowering the smoke CADR in calculations

related to room shutdown time. As an example, commercially

available HEPA purifiers routinely have a smoke CADR of

�200 ft3/min. For a clinic treatment room that is 1000 ft3 (10 3

10 3 10 ft), this could translate to 12 ACHs attributable to just

the HEPA purifier, which by itself would allow a room shutdown

time of 23 minutes. If added to a clinic room with an HVAC

system that already provides 6 ACHs, such a HEPA purifier

could shorten the room shutdown time after an AGP from 46 min-

utes (6 ACHs from the HVAC alone) to as low as 15 minutes (18

ACHs from the HVAC and HEPA purifier combined).

Although we performed a comprehensive and guideline-

driven systematic review, the current study had limitations.

First, there was substantial heterogeneity in the selected

experimental studies. For example, the study protocol—

including the particle-generating procedure and the experi-

mental setup—was different in most studies. Furthermore,

while some studies evaluated particle concentrations using

optical particle counters, others used handheld particle coun-

ters or even integrated filter samples located throughout the

test room. All of these factors limited the possibility to con-

duct a meta-analysis. Therefore, we performed a qualitative

analysis of the studies to describe the effectiveness of HEPA

purifiers to remove airborne particles of sizes that would have

direct clinical relevance to SARS-CoV-2 and the COVID-19

pandemic. Moreover, while we have reported the quantitative

means by which to calculate the ACH for a HEPA purifier and

resultant room shutdown times, the exact implementation of

these calculations is up to the practitioner, facility, and institu-

tion. For example, given the lack of direct studies of air puri-

fiers for SARS-CoV-2, one could assume a lower CADR for

airborne SARS-CoV-2 particles than the smoke CADR as a

means of making a more conservative estimate for the effi-

cacy of the PAC (although there is no evidence to suggest that

SARS-CoV-2 virion, aerosol, or droplet would behave differ-

ently than a particle of the same size).

Conclusion

Experimental studies provide evidence for portable HEPA

purifiers’ potential to eliminate airborne SARS-CoV-2 and

augment primary decontamination strategies such as ventila-

tion by indwelling HVAC. Based on filtration rates, CADR,

and additional air exchanges provided by portable HEPA

purifiers, room shutdown times after AGPs may be calculated

and potentially reduced.

Author Contributions

David T. Liu, concept of study, collection of data, review of stud-

ies, summary of results, write-up of manuscript, critical review

of all contents; Katie M. Phillips, concept of study, critical review

of all contents; Marlene M. Speth, concept of study, critical

review of all contents; Gerold Besser, concept of study, critical

review of all contents; Christian A. Mueller, concept of study,

critical review of all contents; Ahmad R. Sedaghat, concept of

study, collection of data, review of studies, summary of results,

write-up of manuscript, critical review of all contents.

Disclosures

Competing interests: None.

Sponsorships: None.

Funding source: None.

Supplemental Material

Additional supporting information is available in the online version

of the article.

References

1. Zhang R, Li Y, Zhang AL, Wang Y, Molina MJ. Identifying air-

borne transmission as the dominant route for the spread of

COVID-19. Proc Natl Acad Sci U S A. 2020;117(26):14857-

14863. doi:10.1073/pnas.2018637117

2. Division of Viral Diseases, National Center for Immunization

and Respiratory Diseases. Science brief: SARS-CoV-2 and

potential airborne transmission. Published 2020. https://www.cdc.

gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html

3. World Health Organization. Transmission of SARS-CoV-2:

implications for infection prevention precautions. Published

2020. https://www.who.int/news-room/commentaries/detail/tran

smission-of-sars-cov-2-implications-for-infection-prevention-

precautions

4. Morawska L, Tang JW, Bahnfleth W, et al. How can airborne

transmission of COVID-19 indoors be minimised? Environ Int.

2020;142:105832. doi:10.1016/j.envint.2020.105832

6 Otolaryngology–Head and Neck Surgery

https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions


5. Centers for Disease Control and Prevention. Guidelines for envi-

ronmental infection control in health-care facilities. Appendix

B: air. Published 2003. https://www.cdc.gov/infectioncontrol/

guidelines/environmental/appendix/air.html

6. US Environmental Protection Agency. Air cleaners, HVAC fil-

ters, and coronavirus (COVID-19). Published 2021. https://

www.epa.gov/coronavirus/air-cleaners-hvac-filters-and-coronav

irus-covid-19

7. Phlipott C, Burrows S. Aerosol-generating procedures in ENT.

Published 2020. https://www.entuk.org/aerosol-generating-pro-

cedures-ent

8. Howard BE. High-risk aerosol-generating procedures in

COVID-19: respiratory protective equipment considerations.

Otolaryngol Head Neck Surg. 2020;163(1):98-103. doi:10.1177/

0194599820927335

9. Ti LK, Ang LS, Foong TW, Ng BSW. What we do when a

COVID-19 patient needs an operation: operating room prepara-

tion and guidance. Can J Anesth. 2020;67(6):756-758. doi:10

.1007/s12630-020-01617-4

10. Zheng MH, Boni L, Fingerhut A. Minimally invasive surgery

and the novel coronavirus outbreak: lessons learned in China

and Italy. Ann Surg. 2020;272(1):e5-e6. doi:10.1097/SLA

.0000000000003924

11. Lamb CR, Desai NR, Angel L, et al. Use of tracheostomy during

the COVID-19 pandemic: American College of Chest Physi-

cians/American Association for Bronchology and Interventional

Pulmonology/Association of Interventional Pulmonology Pro-

gram Directors expert panel report. Chest. 2020;158(4):1499-

1514. doi:10.1016/j.chest.2020.05.571

12. McGrath BA, Brenner MJ, Warrillow SJ, et al. Tracheostomy in

the COVID-19 era: global and multidisciplinary guidance.

Lancet Respir Med. 2020;8(7):717-725. doi:10.1016/S2213-

2600(20)30230-7

13. Tay JK, Khoo MLC, Loh WS. Surgical considerations for tra-

cheostomy during the COVID-19 pandemic: lessons learned

from the severe acute respiratory syndrome outbreak. JAMA

Otolaryngol Head Neck Surg. 2020;146(6):517-518. doi:10

.1001/jamaoto.2020.0764

14. Rameau A, Young VVN, Amin MR, Sulica L. Flexible laryngo-

scopy and COVID-19. Otolaryngol Head Neck Surg. 2020;

162(6):813-815. doi:10.1177/0194599820921395

15. Givi B, Schiff BA, Chinn SB, et al. Safety recommendations for

evaluation and surgery of the head and neck during the COVID-

19 pandemic. JAMA Otolaryngol Head Neck Surg. 2020;146(6):

579-584. doi:10.1001/jamaoto.2020.0780

16. Lee JK, Jeong HW. Rapid expansion of temporary, reliable

airborne-infection isolation rooms with negative air machines

for critical COVID-19 patients. Am J Infect Control. 2020;48(7):

822-824. doi:10.1016/j.ajic.2020.04.022

17. Lee SY, Choi SH, Park JE, Hwang S, Kwon KT. Crucial role of

temporary airborne infection isolation rooms in an intensive care

unit: containing the COVID-19 outbreak in South Korea. Crit

Care. 2020;24(1):238. doi:10.1186/s13054-020-02944-0

18. DOE Technical Standards Program. Specification for HEPA fil-

ters used by DOE contractors. Accessed March 19, 2021. https://

www.standards.doe.gov/standards-documents/3000/3020-astd-

2015

19. Christopherson DA, Yao WC, Lu M, Vijayakumar R, Sedaghat

AR. High-efficiency particulate air filters in the era of COVID-

19: function and efficacy. Otolaryngol Head Neck Surg. 2020;

163(6):1153-1155. doi:10.1177/0194599820941838

20. Centers for Disease Control and Prevention. Guidance for dental

settings. Published 2020. https://www.cdc.gov/coronavirus/

2019-ncov/hcp/dental-settings.html

21. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies

that evaluate health care interventions: explanation and elabora-

tion. J Clin Epidemiol. 2009;62(10):e1-e34. doi:10.1016/j.jcli-

nepi.2009.06.006

22. Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization

of the PICO framework to improve searching PubMed for clini-

cal questions. BMC Med Inform Decis Mak. 2007;7(1):16. doi:

10.1186/1472-6947-7-16

23. Ren Y, Huang Q, Marzouk T, et al. Effects of mechanical venti-

lation and portable air cleaner on aerosol removal from dental

treatment rooms. J Dent. Published online December 31, 2020.

doi:10.1016/j.jdent.2020.103576

24. Mousavi ES, Godri Pollitt KJ, Sherman J, Martinello RA. Per-

formance analysis of portable HEPA filters and temporary plas-

tic anterooms on the spread of surrogate coronavirus. Build

Environ. 2020;183:107186. doi:10.1016/j.buildenv.2020.107186

25. Peck RL, Grinshpun SA, Yermakov M, Rao MB, Kim J, Repo-

nen T. Efficiency of portable HEPA air purifiers against traffic

related combustion particles. Build Environ. 2016;98:21-29. doi:

10.1016/j.buildenv.2015.12.018

26. Bluyssen PM, Ortiz M, Zhang D. The effect of a mobile HEPA

filter system on ‘‘infectious’’ aerosols, sound and air velocity in

the SenseLab. Build Environ. 2021;188:107475. doi:10.1016/j.

buildenv.2020.107475

27. Miller-Leiden S, Lohascio C, Nazaroff WW, Macher JM. Effec-

tiveness of in-room air filtration and dilution ventilation for

tuberculosis infection control. J Air Waste Manag Assoc. 1996;

46(9):869-882. doi:10.1080/10473289.1996.10467523

28. Offermann FJ, Sextro RG, Fisk WJ, et al. Control of respirable

particles in indoor air with portable air cleaners. Atmos Environ.

1985;19(11):1761-1771. doi:10.1016/0004-6981(85)90003-4

29. Qian H, Li Y, Sun H, Nielsen PV, Huang X, Zheng X. Particle

removal efficiency of the portable HEPA air cleaner in a simu-

lated hospital ward. Build Simul. 2010;3(3):215-224. doi:10.

1007/s12273-010-0005-4

30. Zhang X, Wang C, Chen B, et al. Crystal structure of refolding

fusion core of lassa virus GP2 and design of lassa virus fusion

inhibitors. Front Microbiol. 2019;10:1829. doi:10.3389/fmicb.

2019.01829

31. Mølgaard B, Koivisto AJ, Hussein T, Hämeri K. A new clean air
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