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The role of children’s schools in COVID-19
transmission

COVID-19 in children and the role of school settings
in COVID-19 transmission have been reviewed by the
European Centre for Disease Prevention and Control
(ECDC).1 Only a small proportion (<5%) of
COVID-19 cases reported in the European Union,
European Economic Area and the United Kingdom
have been in children.1 Children with COVID-19 are
also much less likely to be admitted to hospital
because of severe disease or die than adults.1

Children are more likely than adults to have a mild
or asymptomatic infection; hence, COVID-19 infec-
tion often goes undetected in children. When symp-
tomatic, children shed the virus in similar quantities
to adults and can infect others but it is unclear how
infectious children with asymptomatic infections are.1

Large outbreaks of COVID-19 in schools have not
been frequently reported but this may be because
school outbreaks are rarely investigated in detail;
for example, through the use of mass testing when
after a case has been detected in a child, to determine
the true infection rate among children in the school.

Route of transmission

Larger respiratory particles, droplets, are the primary
means of transmission of COVID-19 and generally
require close range contact.2 They typically fall to
the ground within 2m of the source after a short
time.3 Thus, physical distancing reduces exposure to
these larger respiratory particles. In addition, SARS-
CoV-2 can also be transmitted through aerosols, par-
ticles smaller than droplets that remain in the air over
time and distance, especially in a poorly ventilated
room4 with the potential to lead to superspreading
events.5

The role of ventilation

What does the current evidence suggest?

It takes about 4min for the number of small drop-
lets in the air to be halved with no ventilation;
whereas with only mechanical ventilation turned on
in a room, the number of respiratory particles is
halved in 1.4min. In a room that also has a door
and window open, the number is halved after 30 s;
substantially faster than in poorly ventilated and
unventilated rooms.6

Therefore, an important approach to lowering the
concentrations of indoor air pollutants or contamin-
ants, including any viruses that may be in the air, is to
increase ventilation. Increasing air flow by ventila-
tion, whether by window and door opening or mech-
anical systems – which could mix outdoor air with
indoor air or air filtration and cleaning devices,
reduces the risk of infection by diluting concentra-
tions of respiratory particles and removing them in
the ambient air.

Ventilation in classrooms

Good ventilation in classrooms is crucial to dilute
and filter out respiratory particles to reduce the risk
of infection. This is due to the large amount of
respiratory particles that are produced and
concentrated in an enclosed environment by activities
such as breathing, talking, singing, coughing and
sneezing.3,7–9

Improving indoor air quality in classroom spaces
should be followed at the same level as government
advice regarding social distancing, mask wearing and
hand washing to lower the risk (e.g. using natural
and/or mechanical ventilation, if possible, with
filtration).
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Natural or mechanical ventilation?

While it would be beneficial and cost-effective to
have windows and doors open for natural ventila-
tion,9 achieving this in winter periods is more difficult
due to colder outdoor temperatures and would
require an extensive amount of new additional heat-
ing power. In order to address this, ideally a mixture
of fresh and re-circulated air could be used.

Lessons from the airline industry

The risk of contracting COVID-19 on a flight is
currently lower than from an office building or a
classroom.10 The International Air Transport
Association (IATA) reports that there have been mil-
lions of flights since the start of the COVID-19 pan-
demic, resulting in less than 50 confirmed cases of
transmission in-flight.11 Hence, the multi-layer risk
reduction strategy used in the aviation industry
seems to have been working efficiently.

The strategy includes testing passengers, the use of
face coverings or masks, hygiene measures and, more
importantly, maintaining clean air by circulating a
mix of fresh air and recycled air through High-
Efficiency Particulate Air (HEPA) filters.10 HEPA is
an efficiency standard of air filters.12

The main difference between control measures in
an airplane and other enclosed environments seems
to be in the efficient airplane ventilation system
(HEPA-filtration recirculation system and the high
air-exchange rate).13

A proposed model of ventilation and filtration in
schools

To maintain the building temperature, ideally a
mixture of fresh and re-circulated air is commonly

used in more modern buildings with good heating
and ventilation systems. However, the position of
the inlet and outlets are located for more natural
air circulation such as bottom to top or sideways
rather than top to bottom as they are done in air-
planes. Neither do many of them have HEPA filtra-
tion; hence, if they need to be used to effectively dilute
and clean the re-circulated air, they will need to be
modified as in Figure 1 so that:

. Air outlets are extended to reach clean air above
the sitting areas

. Air suction is re-designed to take the air from
the floor by means of a suspended floor or via
ducts distributed near the floor level of the sitting
areas

While implementing air ducts seems to be the
most effective method of reducing transmission in
a school environment, the practicality of this meas-
ure will certainly be problematic because many
schools are located in older buildings. The installa-
tion process can potentially be long, and due to
safeguarding issues, cannot happen when children
are present in school and would have to be post-
poned to a time such as a school holiday. The
U.S. Centers for Disease Control and Prevention
recommends for healthcare workers during the
COVID-19 pandemic to consider the addition of
portable solutions such as portable HEPA-filtration
units to augment air quality in areas when perman-
ent air-handling systems are not a feasible option.14

This could be a potential practical option for
schools too. In one study performed in the hospital
room of COVID-19 patients, the researchers were
able to detect SARS-CoV-2 in aerosols, only when
they used the air samplers without a HEPA filter on
the inlet tube.4

Figure 1. Left: schematic illustration of the ventilation air flow in a typical airplane cabin, where the majority of the air is

circulated via a HEPA filter. The clean air outlet ducts are located above head and the air suction is located on the bottom. Right:

ideal air flow direction in a classroom with modified air ventilation system with added HEPA filter and duct location if the same

concept of the airplane cabin is to be achieved.
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The need for a guideline on ventilation and filtration in
schools

This installation time could be minimised if a
school has already implemented HVAC units in class-
rooms by adding the HEPA filters to the existing
units. If not, portable units with HEPA filters suitable
for classrooms can be used, after developing appro-
priate relevant guidelines for schools. Spanish
researchers together with technicians have developed
a handbook with guidelines on how to use ventilation
to reduce the contagion risk by COVID-19.15 The
document establishes the recommendations for effect-
ive ventilation and air filtration according to the
room volume, the number and age of people inside,
and the type of activity. It also provides the tools to
determine if ventilation conditions achieved are ade-
quate. There is an urgent need for a similar guideline
for British schools.

COVID-19 testing

The recent developments in sensitive, rapid tests are
promising,16 as they could be used to work towards
effective COVID-19 elimination strategies by regu-
larly testing students and staff.17 Other testing meth-
ods include ‘batch testing’ whereby samples from
individuals are tested in batches.18 If the batch test
is positive, then the individuals can be tested separ-
ately. As most COVID-19 tests are negative, this
could considerably reduce the cost of testing.
Hence, in addition to considering and implementing
adequate ventilation, batch testing could help sup-
port a more effective and timely system of test,
trace, isolate and support; along with measures to
minimise the risk of virus transmission. Batch testing
works best for populations with a low expected
prevalence, as frequent retesting for pooled samples
that test positive may not save time and resources in
high-prevalence settings.

Temperature test kiosks at the school
entrance

While most children are asymptomatic with COVID-
19, a small percentage of children go to school with a
fever and are sent home later in the day, and followed
up by COVID-19 testing if indicated. Most secondary
schools are implementing a bubble within each year
group, which in some larger schools is up to 320 chil-
dren. Detecting those single cases with a fever using
the temperature test kiosks before they get in touch
with their year group bubble could potentially
decrease the risk of transmission in the wider school
community.

Vaccination

It is vital that the UK COVID-19 vaccination pro-
gramme should be implemented well as this offers the
best method of controlling the COVID-19 pan-
demic.19 In that context, in order to keep schools
open, it is essential that teachers and other school
staff should be protected. The most promising way
of protection is COVID-19 vaccination and therefore,
teachers and school staff should be added to the pri-
ority list for vaccination.

Conclusions

To keep schools open, there is an urgent need to
implement more effective on-site mitigation strategies
– with particular attention to ventilation and testing.
In addition, it is essential that teachers and other
school staff should be added to the priority list for
vaccination. As far as ventilation is concerned, we
suggest undertaking a feasibility study of implement-
ing better ventilation and filtration systems in schools
as well as some pilot work and research involving
indoor air quality and HVAC experts. Until then,
keeping doors and windows open – for as much as
is reasonably practicable – seems to be the best way
forward.

Regarding COVID-19 tests, there is an urgent
need to develop an appropriate guideline for schools
on how staff and students should be tested regularly
to work towards COVID-mitigated environment in
schools. The recommendations on ventilation, testing
and vaccination need to be combined with other
infection control measures, such as wearing face
masks or face coverings for staff and older students,
regular cleaning of surfaces and frequent
handwashing.

A failure to implement adequate control measures
could result in COVID-19 outbreaks in schools then
extending to the wider community, which would be a
threat to public health, particularly for more vulner-
able people such as the elderly, as well as leading to
harm to children and families from school closures.

Declarations

Competing Interests: None declared.

Funding: The author(s) disclosed receipt of the following financial

support for the research, authorship, and/or publication of this

article: This report is independent research supported in part by

the National Institute for Health (NIHR) Research Applied

Research Collaboration (ARC) Northwest London. The views

expressed in this publication are those of the author(s) and not

necessarily those of the NIHR or the Department of Health and

Social Care.

162 Journal of the Royal Society of Medicine 114(4)



Ethical approval: Not applicable.

Guarantor: KA.

Contributorship: KA and AM wrote the article, and received

comments from LV.

Acknowledgements: AM is supported by the NIHR NW

London Applied Research Collaboration. The views expressed

are those of the author and not necessarily those of the NIHR

or the Department of Health and Social Care.

Provenance: Not commissioned; peer-reviewed by Massoud

Mansouri.

ORCID iDs: Kaveh Asanati https://orcid.org/0000-0002-

4455-6102

Azeem Majeed https://orcid.org/0000-0002-2357-9858

References

1. European Centre for Disease Prevention and Control.

COVID-19 in Children and the Role of School Settings in
COVID-19 Transmission. Stockholm: ECDC, 2020.

2. Meyerowitz EA, Richterman A, Gandhi RT and Sax

PE. Transmission of SARS-CoV-2: a review of viral,
host, and environmental factors. Ann Intern Med 2021;
174: 69–79.

3. Prather KA, Marr LC, Schooley RT, McDiarmid MA,
Wilson ME and Milton DK. Airborne transmission of
SARS-CoV-2. Science (New York, NY) 2020;

370(6514): 303–304.
4. Lednicky JA, Lauzardo M, Hugh Fan Z, Jutla A, Tilly

TB, Gangwar M, et al. Viable SARS-CoV-2 in the air of
a hospital room with COVID-19 patients. Int J Infect

Dis 2020; 100: 476–482.
5. Miller SL, Nazaroff WW, Jimenez JL, Boerstra A,

Buonanno G, Dancer SJ, et al. Transmission of

SARS-CoV-2 by inhalation of respiratory aerosol in
the Skagit Valley Chorale superspreading event. Indoor
Air. Epub ahead of print 27 September 2020. DOI:

10.1111/ina.12751.
6. Somsen GA, van Rijn C, Kooij S, Bem RA and Bonn D.

Small droplet aerosols in poorly ventilated spaces and
SARS-CoV-2 transmission. Lancet Resp Med 2020: 8;

658–659.
7. Anfinrud P, Stadnytskyi V, Bax CE and Bax A.

Visualizing speech-generated oral fluid droplets with

laser light scattering. New Engl J Med 2020; 382:
2061–2063.

8. Chao CYH, Wan MP, Morawska L, Johnson GR,

Ristovski ZD, Hargreaves M, et al. Characterization

of expiration air jets and droplet size distributions
immediately at the mouth opening. J Aerosol Sci
2009; 40: 122–133.

9. EMG: Role of Ventilation in Controlling SARS-CoV-2
Transmission, 30 September 2020. https://assets.pu-
blishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/928720/

S0789_EMG_Role_of_Ventilation_in_Controlling_S-
ARS-CoV-2_Transmission.pdf.

10. Pombal R, Hosegood I and Powell D. Risk of COVID-

19 during air travel. JAMA. Epub ahead of print 10
July 2020. DOI: 10.1001/jama.2020.19108.

11. Low Risk of Transmission 2020. See https://www.iata.

org/en/youandiata/travelers/health/low-risk-transmis-
sion (last checked 19 December 2020).

12. European Standard EN 1822-1:2019. High efficiency

air filters (EPA, HEPA and ULPA), 2019.
13. AMC, Silcott D, Kinahan S, et al. TRANSCOM/AMC

Commercial Aircraft Cabin Aerosol Dispersion Tests.
https://funtravel.de/files/doc/TRANSCOM%20

Report%20Final.pdf.
14. Centers for Disease Control and Prevention. Interim

Infection Prevention and Control Recommendations for

Healthcare Personnel During the Coronavirus Disease
2019 (COVID-19) Pandemic. See https://www.cdc.
gov/coronavirus/2019-ncov/hcp/infection-control-

recommendations.html (last checked 19 December
2020).

15. Minguillón MC, Querol X, Felisi JM, et al. Guı́a para
ventilación de las aulas CSIC. 2020. https://

www.csic.es/sites/default/files/guia_para_ventilacio-
n_en_aulas_csic-mesura.pdf.

16. Brendish NJ, Poole S, Naidu VV, Mansbridge CT,

Norton NJ, Wheeler H, et al. Clinical impact of
molecular point-of-care testing for suspected COVID-
19 in hospital (COV-19POC): a prospective, interven-

tional, non-randomised, controlled study. Lancet
Respir Med 2020; 8: 1192–1200.

17. Larremore DB, Wilder B, Lester E, Shehata S, Burke

JM and Hay JA. Test sensitivity is secondary to fre-
quency and turnaround time for COVID-19 screening.
Sci Adv 2020; 7: eabd5393.

18. Hogan CA, Sahoo MK and Pinsky BA. Sample pool-

ing as a strategy to detect community transmission of
SARS-CoV-2. JAMA 2020; 323: 1967–1769.

19. Majeed A and Molokhia M. Vaccinating the UK

against COVID-19. BMJ 2020; 371: m4654.

Asanati et al. 163

https://orcid.org/0000-0002-4455-6102
https://orcid.org/0000-0002-4455-6102
https://orcid.org/0000-0002-4455-6102
https://orcid.org/0000-0002-2357-9858
https://orcid.org/0000-0002-2357-9858
https://www.iata.org/en/youandiata/travelers/health/low-risk-transmission
https://www.iata.org/en/youandiata/travelers/health/low-risk-transmission
https://www.iata.org/en/youandiata/travelers/health/low-risk-transmission
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html

