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One of the emerging ideas on the spread of SARS-CoV-2 is that it occurs by airborne transmission of aerosols
carrying the virus [20]. This concept has gained currency as evidence emerges for transmission in settings which
require long distance transport of fine aerosols, away from an infected source, as recently summarized in [1]. The
specific principles and issues related to airborne transmission in classrooms and factors related to ventilation in
schools have been reviewed by Ding et al. (2022) [41]. Transmission and risk models have been developed [e.g., 38,
42, 43] which frame transmission risk in terms of long-range dispersal of aerosols within closed and open spaces.
The transmission risk is a function of many parameters but, at its basic level, is controlled by the balance between
recharge of a closed space with aerosols from infected persons and their removal by fresh air or ventilation.
Exposure risk increases as viral concentration within the aerosols increases and is also as a function of exposure
time. Aerosol size is also likely to play a role as size affects buoyancy and persistence in suspension.

In contrast, many epidemiological models, including the agent-based model in our paper, identify close contact
with an infected person as the main circumstance for viral transmission to a susceptible person. This justifies social
distancing as a primary approach to mitigation. Long-range and short-range exposure models to airborne aerosols
are not mutually exclusive. Indeed, both kinds of process will occur concurrently in many settings [20, 41]. The
question then is in what circumstances does one or the other become dominant?

Here we consider the case that short range airborne exposure is likely to be dominant in many classroom settings,
supporting the development and validity of agent-based close contact models. The main concept is that various
kinds of exhalation (e.g., normal breathing, talking, singing, laughing, coughing and sneezing) lead to high
concentrations of virus in airborne aerosol in the immediate vicinity of an infected person [44]. Thus, the risk of
being infected when close to or face-to-face with a person is greatly increased compared to the background
exposure due to long range dispersal. Exhalations from an infected person create virus-laden jet plumes that involve
turbulent entrainment of air, so the aerosol becomes diluted as the plume disperses. Relevant research has been
recently reviewed in Burridge et al. [45]. Abkarian et al. (2020) [44] and Chen et al. (2020) [46] provide quantification
of typical dilution rates as a function of distance in exhalations. As examples, the concentration of aerosols in a
turbulent jet produced by speech reduces to 6% at 1m and 3% at 2m from its initial value [44]. Concentrations of
fine aerosols significantly above background are calculated at up to 0.3 m for speech (counting) and up to 1 m for
coughing [46]. Substantial distances, greater than typical classroom sizes, are required for concentrations in the
respiratory jet to reach background levels [38]. Because proximity (~ 1 m) to an infected person is now a recognised
major risk factor, these results, and the illustration below, support our model choice of close contact as the
predominant mechanism in a school classroom.

In order to appraise the relative risk of infection to pupils in the room, away from close contacts, we can compare
the background concentration of infected aerosol with the local concentration close to an infected person. Let us
take 6 litres per minute of air inhaled as typical of both an adult female and a primary age child (with adult males
50% higher) [47] and assume the concentration of virus-bearing aerosol of an infected child is some unknown value
C. Taking a classroom of 8 X 6 m as the minimum in UK Primary schools with height 3 m we have a volume of
144,000 litres. We now need a suitable time scale and choose 3 hours, noting that this is the duration of a school
half day and that the half-life of the virus is 1.1 hours [48]. Thus, the room cannot have a concentration more than
0.0075C. However, the concentration will be very much less if there is ventilation. According to [41] a classroom of
30 children should have a room ventilation rate of at least 120 litres per minute, meaning that it would take only
20 minutes to replace the air in a classroom. Here the background concentration of infected aerosol would be
approximately 1073 C. Thus, concentrations of virus in aerosols, and therefore risk of infection, can be tens to



hundreds of times greater than background within a metre of an infected person. We conclude that, in most
circumstances, close contacts will dominate transmission in a primary school classroom, and so justifies our choice
of model. We acknowledge that risk from long range airborne transmission could become much more significant
in situations of poorly ventilated classrooms and with multiple infected pupils during an outbreak.
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