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The World Health Organization declared the infectious spread of SARS-CoV-2 (severe acute respiratory syndrome co-
ronavirus 2) an epidemic during its initial outbreak inWuhan (China) and has since declared it a pandemic and, more
recently, an endemic infection that may remain in our communities. A vaccine for COVID-19 is expected to take several
months, meaning that the spread may continue in future, in the absence of the most effective measures of social dis-
tancing and self-isolation. While these measures have worked well under lockdowns, the potential of airborne trans-
mission of COVID-19 under the eased restrictions has not been considered important enough. We discuss the need
to acknowledge the airborne spread of COVID-19 inside built spaces under easedmovement restrictions and the poten-
tial steps that can be taken to control it.
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Social distancing, self-isolation, handwashing, provision of hand
sanitisers in public buildings, frequent disinfection of high-touch surfaces
and the use of face masks have been recommended as effective mitigation
measures against the spread of COVID-19 by the SARS-CoV-2 virus. Their
effectiveness has been demonstrated by the flattening curves for new
cases identified, hospital admissions and deaths across time. However,
such gains have come at great expense, with sacrifices including freezing
people's movement and closing down academic institutions, schools and
businesses, all of which has negatively impacted national and international
economies so severely that they have already touched a record low inmany
countries. A long-term lockdown is therefore unlikely to be affordable.
Some countries, such as Denmark and Germany, have already started to
ease restrictions, while others, including the United States and the United
Kingdom, have followed suit.

The rate of reproduction (R) of the coronavirus is a simple means of un-
derstanding the spread of COVID-19 against response measures in a partic-
ular country, city or region. The spread of new infections will multiply if the
value of R increases over one, and will fall and eventually disappear as the
value of R goes below one. A diverse range of Rwas experienced across the
world during the early phases of infectious spread (e.g. approaching a value
esearch (GCARE), Department of Civil
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of eight in New York, United States) before the curve was generally flat-
tened by the introduction of lockdown measures such as strict social dis-
tancing and clossures of schools, churches, bars, restaurants, community
centres, beaches and entertainment venues. Several Asian and African
countries are still in early phases, where the infection curves are yet to flat-
ten. South Korea is an anomalous country that has managed to flatten the
curve of new infections without restricting the movement of citizens and
imposing economically damaging lockdowns such as those of Europe,
Asia or the United States. The driving factors of their success included
‘swift action, widespread testing and contact tracing, and critical support
from citizens’, which were underpinned by both the ‘political will’, in
terms of imposing arduous measures in the absence of a crisis-level out-
break, and the ‘public will’, in terms of social trust of the people to support
government decisions. As the curve flattens in many countries across the
world and cross-country measures including international border control
remain important, it remains vital to protect people from this novel virus in-
side built environments and public places within our cities.

Howdowemanage this under easedmovement restrictions? Significant
infection pathways are considered to include coming into direct contact
with the sneeze/cough of an infected person and touching an infected
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Fig. 1. Size-resolved removal of particles by a face mask [7]. The red shaded area
indicates the removal of particles, which is well below 2 and just over 3 for
particles in the 5–100 and 100–560 nm size range, respectively. The removal
factor is the ratio of particle number concentration in a given aerosol particle size
range with and without the mask. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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person or a surface containing virus-laden droplets. Restricting airborne
transmission of COVID-19 has not been high on the list of control measures.
However, numerous cases of airborne transmission of its predecessor,
SARS-COV-1, such as in Hong Kong's Prince of Wales Hospital, health
care facilities in Toronto, and aircraft, have been reported [1]. Evidence
of airborne transmission of SARS-COV-2 has already started to emerge.
For example, a recent study reported the probability of COVID-19 being
spread by an extended short-range aerosol on 24 January 2020 in a poorly
ventilated restaurant in Guangzhou, China [2]. Another study has reported
a high concentration of viral RNA peaks in sub- and super-micrometre par-
ticle ranges and highlighted the potential transmission of SARS-CoV-2 via
aerosols inside two Wuhan hospitals [3]. Most recently, researchers have
assessed the COVID-19 outbreak in two buses – with and without a
COVID-19 source patient – as well as separately inside conference rooms
[4]. The air conditioners were set on indoor recirculation mode in all
cases, and the authors reported a >40-times higher risk of COVID-19 infec-
tion in the bus with a source patient compared with the other bus, and an
overall COVID-19 attack rate of over 48% in conference rooms [4]. This
work highlighted the probability of a much higher COVID-19 infection
rate in closed environments with re-circulated air, and substantiates our
below point regarding airborne transmission. Another work reported the
presence of SARS-CoV-2 viral RNA on the outdoor particulate mat-
ter≤ 10 μm samples collected at an industrial site in the Bergamo Province
of Italy between 21 February and 13 March 2020 [5]. The basic principles
of aerosol science substantiate the claim that airborne transmission would
be a significant pathway of spread in indoor environments that provide con-
ducive conditions, for the reasons discussed below.

Most viruses, including COVID-19, are <100 nm in size. However, the
expiratory droplets containing the virus also include water, salts and or-
ganic material. If, upon expiration, some of the water content evaporates,
the microscopic droplet becomes small and light enough to stay suspended
in the air [1,6]. Their concentration in the air will build up increasing the
risk of infection, particularly if the air is stagnant as in many indoor envi-
ronments in public places with insufficient and inefficient ventilation.
Thus, the probability of airborne transmission can be envisioned and
should be acknowledged.

What can be done to limit airborne transmission? We propose a three-
pronged approach targeting: (i) governments (building the knowledge
base to inform holistic decision-making in the best interests of the public
and the economy); (ii) built spaces (improving ventilation); and (iii) the
public (protecting individuals from infection via personal measures). The
first will require rapid development of scientific evidence to assess the in-
tensity and probability of airborne transmission pathways as well as an un-
derstanding of transmission exposure at a personal level in
microenvironments and indoor public spaces, where people spend >90%
of their daily time. It could also entail the identification of individuals at
high risk of infection and appropriate implementation of targetedmeasures
for places and/or activities. The second will require strategies to minimise
the build-up of virus-laden air in places typically containing high densities
of people, such as hospitals, shops, malls, care homes, restaurants, offices,
schools, sports stadiums and on public transport. Improving air ventilation
in indoor spaces can be expected to interrupt the hotspot build-up of virus-
laden air. Mechanical ventilation is common in many commercial and pub-
lic buildings, but it may be ineffective, and may instead create situations
that increase the residence time of contaminated air inside a built space.
However, natural ventilation may not be a viable option due to the struc-
tural configurations of buildings and the heating, cooling, and/or energy
constraints in many important places. In such circumstances, it would be-
come important to review ventilation strategies and the filtering efficacy
of HVAC systems to maximise the indoor-outdoor exchange of fresh air.
Last but not the least, personal control of transmission at an individual
level could include the use of personal protective equipment (PPE), such
as masks and respirators, where indoor infection risk is high. Individuals
can also make a notable difference by informed decision-making, which is
only possible when people are kept up to date with the evolving knowledge
base around transmission pathways.
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On personal protection, questions are asked about when and where to
wear face masks, and whether or not they are effective in restricting
COVID-19 infection. Fig. 1 demonstrates the efficacy of a mask with a pro-
tection factor of 4, based on its EN149:2001 classification, meaning that the
number of particles inside the respirator should be four times lower than
the outside environment [7]. The case for doctors, patients or care workers
towear disposable fabricmasks can be understood by the reduced probabil-
ity of contracting or passing on infections through virus-laden liquid drop-
lets.Wearingmasks in indoor public places can also help prevent the spread
of droplets from infected individuals to others through all respiratory activ-
ities including breathing, sneezing and coughing. The case for wearing
masks in public places becomes even stronger, given that between 5%
and 80% of people testing positive for SARS-CoV-2 may be asymptomatic
[8]. These can reduce emissions of SARS-CoV-2 RNA in respiratory droplets
into the surrounding environment and prevent transmission from symp-
tomatic individuals [9]. It could also protect healthy people against being
infected [10]. Clear guidelines are needed on short-term or situation-
specific use of masks, and their usefulness and efficacy in such situations.
These guidelines need to be consistent at both national and global levels.
For example, the World Health Organization on 30 March 2020 advised
that healthy people need not wear face masks unless they are coughing or
sneezing or caring for someone with a suspected COVID-19 infection. On
11 May 2020, the UK government urged the public not to buy face masks
in order to address the shortage of PPE, and instead to cover their faces
only ‘in enclosed spaces where social distancing is not possible and they
come into contact with others they do not normally meet’. The UK govern-
ment also advised citizens not to wear them when outdoors, such as while
exercising, in schools or workplaces. At the same time, wearing masks in
public places has been compulsory in China during the pandemic, and in
Spain, where currently the lockdown restrictions are being relaxed, mil-
lions of masks have been distributed across the country.

Humans have resiliently fought unprecedented challenges, but this
COVID-19 pandemic is of a different dimension. Individual governments
have designed measures with different approaches (e.g. contain, delay, re-
search, andmitigate), but all agree that a permanent lockdown is not an op-
tion. It is important to learn lessons from past outbreaks and associated
knowledge bases, as well as to understand and acknowledge the emerging
challenge of airborne transmission under eased movement restrictions in
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the near future. Appropriate action today can support proper preparation
for themonths ahead until a vaccine becomes available and couldminimise
the loss of life.
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