COVID-19 Evidence Summary: Aerosol transmission and mitigating strategies
20/08/2020 [REDACTED], SG C-19 SAG

This rapid evidence summary is based on a timely assessment ofkey sourcessuch as the UNCOVER
database of reviews, PubMed, Google and key organisations (eg WHO, SAGE, CDC, EPA, ECDC, HSE
and industry organisations suchas CIBSE, REHVA and ASHRAE). Any additional central papers
suggested by the committee will beincorporated.

Definitions: ‘aerosol’ and ‘airborne’ transmission are used in different ways by different
research communities and bodies. NERVTAG use the following definition: “Aerosol —a small
respiratory particle that carries the virus and can remain in the air for a long period of time

(at least 5 minutes, in many cases hours). These typically have a diameter less than 10um.”

Key points

¢ The data on aerosol transmission are growing but remain limited. The balance of
agreementis that short range aerosol transmissionis possible, but that longrange aerosol
transmission is not supported by current evidence. A definitive answer as to the relative role
of aerosol transmission has not been reached.

e Advocacy for good ventilation (increasing the amount of outdoor air coming indoors) is at
a general consensus. This may necessitate additional heatingin winter.

¢ Air conditioning may facilitate spread of droplets excreted by infected people longer
distances withinindoor spaces. In addition, aerosols can spread through heating, ventilating
and air conditioning (HVAC) systems and stand-alone air-conditioning units if the air is
recirculated.

¢ HVAC systems may decrease transmissioninindoor spaces by increasing the rate of air
change, decreasing the recirculation of air, and increasing the use of outdoor air.

* There are limited COVID-19 data on HVAC systems but guidance can be found from the
ECDC, CDC and industry bodies

*No data on storage heaters were found. Due to limited data, the practical implications for
transmission of varying temperature within an acceptable range to people remain unclear.

e HEPA filters have theoretical efficacy to filter COVID-19 but direct studies of the ability of
HEPA to filter SARS-CoV-2or impact on transmission rates have not been conducted to date.



What's the role of aerosol transmission (as per NERVTAG)?

The role of aerosol transmission in COVID-19 has been the subject of ongoingacademic
debate for several months(1,2). Whilstthere is increasing evidence thatit is possible, a
definitive answerasto the relative importance of aerosol transmissioniis still pending.

Recent interest

Recent interestinthe topic has been fuelled by two key eventsin July. The first was an open
letteron July 6t signed by 239 expertsin the field advocating for the recognition that, in
theirview, “airborne transmission of COVID-19 is a real risk and that control
measures...must be added to the other precautions taken, to reduce the severity of the
pandemicand save lives.”(3)

This was followed on July 9t by the WHO officially acknowledging that aerosol transmission
is possible, whilst calling for urgent research to establish the extent of the role of thisin
transmission(4). This was a shiftinstance from the WHO which had previously discussed
aerosol transmission primarily in the context of ‘aerosol generating’ medical procedures,
such as intubation, rather than in a broader context(5). (The WHO told Nature that its
position was not a result of the open letter- they had been working on the brief for a month
prior to the letter’s publication(6))

NERVTAG/EMG summary

NERVTAG and the EMG summarised current knowledge in the fieldin a paper published on
July 22nd (7). Key points from this paper include:

e Recognition that aerosol transmission is possible (somethingthey have noted since
January)

e That thereis a ‘small amount of evidence that this could happenin an indoor
environment more than 2m from an infected person.’

e That thereis ‘currently no evidence forlongrange aerosol transmission where the
virus isdispersed between roomsin a building orlong distances outdoors.’

e That itispossible that aerosol transmission plays a role in superspreading events.

They state that the highest risk of transmission of SARS-CoV-2remains when within 2m of
an infectedindividual, and that it is not possible to say whetherdroplets, aerosols or
contaminated surfaces dominate as a transmission mode in this situation. At distances
beyond 2m, they note that short range aerosol transmission is possible but will be
dependent onthe duration of exposure, ventilation of the air, volume of virus generated by
the infected person and distance to the infected individual (with those at closest proximity
to the infected individual obviously at greatest risk.)

They reaffirm that there is no evidence of long-range airborne transmission. A viewpoint
from researchers at Harvard Medical School publishedinJAMA on July 13t also states that
“the balance of currently available evidence suggests that long-range aerosol-based
transmission is not the dominant mode of SARS-CoV-2transmission.”(8) Others have tried



to argue that aerosol spread (not specifically long range) is actually the dominant method of
transmission, however this paper was based on an ecological design whichis opento many
confounding factors and alternative explanations(9).

NERVTAG/EMG data

The data for the NERVTAG/EMG paper are drawn from several different study types. They
discuss ongoing studies on respiratory exhalation fromthe US, PHE and DCMS that “confirm
the increase in aerosols with the loudness of singingand speech, and also show significant
variation between people” (these ongoing studies are not referenced, butare supported by
2019 data(10)). Also mentionedisa NEJM laboratory study that demonstrated the stability
of the virusin the air for 3 hours with little loss of viability(11), and another that suggested
infectivity could be maintained for 16 hours in respirable aerosols(12). NERVTAG/EMG
caution that this will likely depend on environmental conditions, given evidence of
significant differencesinvirus half-life based on UV exposure(13).

Data supporting transmission of SARS-CoV-2 in the absence of direct interaction from
animal studiesisalso mentioned, butalso highlighted is that establishing the role of
aerosols, rather than droplets, is not feasible because the cages were only cm apart. Data
from clinical settingsis reported as largely returning negative results for the presence of the
virus inthe air, but that some have found viral RNA in spaces such as patient rooms and
staff areas. They don’treference these studies or note if any looked for infectious virus. The
paper does highlight one preprint which claimsto have found infectious virus in hospital
rooms(14), but the evidence review says virology experts have cast doubt on the work.
Another paper published since the NERVTAG/EMG review has also reported to have found
viable virusin a hospital room, but again this isa preprintand consequently has not been
peerreviewed(15).

Frequently cited in discussions about aerosol transmission are key outbreak events, in
particular a choir(16), a restaurant(17) and a fitness centre(18). Whilst the exact routes of
transmission in these examples have not been ascertained, it has been noted by both
NERVTAG and other academics(19) that the events are difficultto explain withoutairborne
transmission beinginvolved.

In closing their discussion of the evidence base, NERVTAG/EMG reflect on the fact that there
is no definitive evidence forairborne transmission of SARS-CoV-2. They balance this by
pointing out that such conclusive evidence is also lacking for close-range droplet or surface
contact transmission.

Additional views

Other notable organisations have also reflected on the issue of aerosol transmission, and
generally agree that aerosol transmission is possible butthat defining the extent of the role
is difficult:



The ECDC state: “Infectionis understood to be mainly transmitted vialarge respiratory
droplets containing the SARS-CoV-2virus. Transmission through aerosols has also been
implicated but the relative role of large droplets and aerosols is still unclear.”(20)

The CDC state that transmission is primarily through respiratory droplets. They go on to say
that whilst “Current data do not support longrange aerosol transmission....Short-range
inhalation of aerosolsis a possibility”(21)

The EPA have said “The relative importance of this potential route of SARS-CoV2
transmission in comparison to others (close-contact, fomites) has not been established at
this point. This increasing weight of evidence supports the use of precautions against
transmission of SARS-Co-V-2in indoorenvironments as an addition to other measures
already knownto limitit.”(22) (Note: the EPA provides an abundance of references on the
subject of aerosol transmission in indoorenvironments)

In a literature review published as a viewpointinthe Lancet Respiratory Medicine on 24
July, Kevin P Fennelly of the NIH argues that the traditional view of the primacy of
respiratory droplets we see demonstrated by many organisations should be reviewed. This
is inlight of hiswork which found a predominance of pathogensin small particles (<5 um)
across a range of different pathogens. He noted an absence of cough or breath aerosol
studies for COVID-19 to date, but suggests “Airborne infection control measures are
indicated for potentially lethal respiratory pathogens such as severe acute respiratory
syndrome coronavirus 2.” However, thiswas not a systematicreview and the search
strategy was limited. (23)

Future work

This is an area of ongoing investigation, as outlined by the Evidence Review Team within the
SG COVID-19 Modellingand Analysis Team (document supplied by SG):

“Developingthe evidence base around airborne and widertransmission (includingin
different settings and contexts, such as when singing) features within the priority research
questions being considered by selected SAGE sub-groups, such as the Environmental and
Modelling Group. We understand research questions under considerationinclude (but are
not limited to):

e The role of buildings in outbreaks, the impact of different environments and ways of
preventingtransmissioninindoor workplaces

e The effects of aerosols mixing with other particlesin the atmosphere

e The impact of open air on virus survival”

What advice should settings (and especially schools) be given about
ventilation, use of air conditioning and storage heaters as we go into winter?

In theiraforementioned open letter, the 239 experts advocated for three main measuresto
mitigate against airborne transmission of COVID-19(3):


https://www.epa.gov/coronavirus/indoor-air-and-covid-19-key-references-and-publications

e Provide sufficient and effective ventilation (supply clean outdoorair, minimize
recirculatingair) particularly in public buildings, workplace environments, schools,
hospitals, and aged care homes.

e Supplementgeneral ventilation with airborne infection controls such as local
exhaust, high efficiency airfiltration, and germicidal ultraviolet lights.

e Avoidovercrowding, particularly in public transport and public buildings

Ventilation and air conditioning

Poor ventilationin confined indoor spaces is associated with increased risk of COVID-19
transmission(24) and itis reasoned that increased ventilation removes ‘virus-laden air’(25).
Consequently, advocacy for good ventilation (increasing the amount of outdoor air coming
indoors) is a mainstay in discussions of how to reduce the transmission risk of COVID-19in
indoor spaces (7,24-27) (in addition to other key measures such as physical distancing and
hand hygiene).

Both the CDC and EPA encourage opening of windows, whilst noting that settings should be
mindful whether doing so doing so poses a safety or healthrisk (e.g., children and risk of
falling)(28,29). NERVTAG/EMG recognise the challenge this may pose inthe winter months,
giventhe issues of thermal comfort posed by open windows, and note that additional
heating may be required to compensate for heat losses(7). This may be particularly salient
for housing of vulnerable populations.

In addition to opening windows, mechanical ventilation can be deployed through dedicated
fans, outdoor air units or a heating, ventilating and air conditioning (HVAC) system. Whilst
there is epidemiologicevidence that HVAC systems may have contributed to COVID-19
transmission 19 in several community settings (including a restaurant, call centre and
airplane) uncertainties overthe mechanism of transmission in those cases remain(30). That
was the finding of a rapid evidence review from Alberta Health Services published June 5%,
which also stated that: “Given the complexity inthe transmission modalities of SARS-CoV-2
and other similarviruses, lack of data on viable virusin air samples, and the wide variety of
HVAC systems, studies have not been able to consider and evaluate all HVAC configurations
and their potential to affect transmission of infection.”

Thus, there isa limited evidence base with which to offer guidance on HVAC systems to
settings. Nonetheless, the ECDC have provided guidance, published on June 22nd(24),
including:

¢ There is currently no evidence of human infection with SARS-CoV-2 caused by infectious
aerosolsdistributed through the ventilation system airducts. The risk is rated as very low.

¢ Well-maintained HVAC systems, including air-conditioning units, securely filter large
droplets containing SARS-CoV-2. COVID-19 aerosols can spread through HVAC systems
withina building or vehicle and stand-alone air-conditioning unitsif the air is recirculated.

¢ The airflow generated by air-conditioning units may facilitate the spread of droplets
excreted by infected people longer distances withinindoor spaces.



* HVAC systems may have a complementary role in decreasing transmissionin indoor
spaces by increasing the rate of air change, decreasing the recirculation of air, and
increasing the use of outdoor air.

¢ Buildingadministrators should maintain heating, ventilation, and air-conditioning systems
according to the manufacturer's current instructions, particularly concerning the cleaning
and changing of filters. There is no benefit or need for additional maintenance cyclesin
connection with COVID-19.

Other pointsincluded extending operating times, increasing air exchanges per hour and
avoiding both the use of recirculation and the use of energy-saving settings.

The CDC also offer practical advice to employers on how to improve ventilation(29), whilst
encouraging that this be done in consultation with an HVAC professional. Thisis because
HVAC systems are typically complex, but can be customised by an HVAC engineer with
specialist knowledge of the system. Leading industry organisations such as ASHRAE(31-33)
(The American Society of Heating, Refrigerating, and Air-conditioning Engineers), REHVA(34)
(The Federation of European Heating, Ventilation and Air Conditioning associations) and
CIBSE(35) (Chartered Institution of Building Services Engineers) have produced guidance on
how to mitigate COVID-19 transmission by modifying HYAC systems.

Storage heaters

No studies on storage heaters and COVID-19 were identified. Whilst there has been much
discussion of environmental weatherimpacts on COVID-19(36), little was found examining
indoors temperature and the variation in stability that might be expected from different
temperatures within a range acceptable to human habitationin a classroom or office.

One laboratory study carried out over 9 days found “surface stability of SARS-CoV-2does
not display major differences at 4°C, RT (room temperature) and 30°C” (37) Howeverthis
lab based study kept humidity stable. Another found variation in stability with temperature
(no significance levels stated), butthe temperatures studied were not representative of a
range that you mightreasonably choose to vary and expect someone to work or learn in
(4C, 22C, 37C)(38) Finally a preprint study of nasal mucus and sputum at 4C, 21C and 27C
found “SARS-CoV-2was generally more stable at cooler temperatures and lower RH (relative
humidity), and less stable at warmer temperatures and higher RH. Nevertheless...we
predicted that SARS-CoV-2would remain infectious in nasal mucus and sputum on surfaces
for >10-12 hours evenin warm, humid conditions.” Thus the practical implications for
transmission of varying temperature within an acceptable range to people remain unclear
(39).

What role might HEPA filters play in that?

High-Efficiency Particulate Air (HEPA) filters are typically created through the pleating of
microfiber glass or other fibrous material made with multiple layers of randomly arranged
fibres, with diameters of 2 to 500 nm. To meetthe definition of HEPA grade, a filter must



remove at least 99.97% of all 0.15 to 0.2 um particles. These are the particle sizes for which
HEPA filters are least effective, due tothe U-shaped efficiency curve of HEPA filters. Thus,
HEPA filters have at least 99.97% efficiency forremovingall particles, with higher
efficienciesfor particles both larger and smallerthan 0.15 um(40).

It’s believed that most aerosols produced by a human cough are <1 um, and the SARS-CoV-2
virionitselfisthought to be 0.06-0.14 um, which suggests theoretical efficacy for HEPA
filtersto remove airborne SARS-CoV-2. However, itis important to emphasize that direct
studies of the ability of HEPA to filter SARS-CoV-2 have not been conducted to date(40).

Prior to COVID-19, HEPA filters were used in healthcare contexts that demanded particular
protection egoperating rooms designated for orthopaedicimplant procedures, or
Protective Environmentrooms(41). Much of the literature that does exist on HEPA filters
and COVID-19 involves descriptions of their use in operating theatres (without evaluation of
efficacy) eg (42).

Currently, the CDC recommends their use in certain healthcare contexts (43) and as of July
9th suggests employers beyond healthcare settings consider using portable HEPA systemsto
“help enhance air cleaning (especiallyin higher-risk areas)”(29). ASHRAE, an industry body,
also advocates for the use of portable HEPA filtersin classrooms, residence halls and
businesses(32,33)

In additionto portable filtration systems, the EPA also reports on HEPA on HVAC systemes,
stating that “EPA, ASHRAE and CDC recommend upgrading air filterstothe highest
compatible with the system”(44). The CDC also suggest using a HEPA filterina hoover when
vacuuming in a school, business or community facility (whilst also acknowledging that there
are no reported cases associated with vacuuming)(45).

In a paper from 19t May, the EMG examined airfilteringapproaches (amongst it some
HEPA data) and COVID-19, and concluded: “Local air cleaningdevices, includingfilter
devicesand UV-C devices— which may be found in combination - are unlikely to have
significant benefitunlessthe airflow rate through the device is sufficient. There may be
some poorly ventilated spaces where these may be useful.”(46)

There are no data that demonstrate what the impact of HEPA filters on actual transmission
rates of COVID-19 would be in community contexts. Moreover, their installation and
maintenance costs can be high compared to other filtertypes(41), and on a practical note,
McKinsey highlight that “Only some air conditioners can accommodate HEPA filters, and
technicians must configure them properly and replace them regularly.... Upgrading HVAC
systems by incorporating higher grade filters can be very expensive andis not always
feasible.”(47)



Note: Whilst researching the questions around HEPA, ventilation, storage heaters and air
con, several discussions were found on UV disinfection and COVID-19:

29t June: Powell. Isair conditioning helping spread COVIDin the South? The Harvard
Gazette https://news.harvard.edu/gazette/story/2020/06/air-conditioning-may-be-factor-
in-covid-19-spread-in-the-south/

24t June: Buonanno et al. Far-UVC light (222 nm) efficiently and safely inactivates airborne
human coronaviruses. Sci Rep 10, 10285 (2020) https://www.nature.com/articles/s41598-
020-67211-2

27t May: Morawska etal. How can airborne transmission of COVID-19 indoors be
minimised? Environ Int. 2020;142:105832.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7250761/

19t May: EMG for SAGE: UV disinfection, visible light, local airfiltration and fumigation
technologies
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment

data/file/904656/50440 EMG -
Application of UV disinfection visible light local air filtration and fumigation.pdf

7t April: Dietzet al. 2019 Novel Coronavirus (COVID-19) Pandemic: Built Environment
Considerations To Reduce Transmission mSystems. 2020;5(2):e00245-20.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7141890/
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