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Supplementary Text 1 Data sources used in this study
1.1 Community swab testing

SARS-CoV-2 testing data have been collected and recorded daily since the virus was first detected in the
UK1. Pillar 2 data refers to community swab testing data from those who have sought PCR tests due to
COVID-19 symptoms, or from those taking a lateral flow device test (LFT). We fit our model to two strands
of Pillar 2 data: (i) the proportion of 11-16 year olds testing positive in a PCR test each week (excluding
confirmatory PCR tests, which are accounted for in LFT testing data) from 31st August 2020, and (ii) the
proportion of 11-16 year olds testing positive to an LFT test each day from 8th March 2021. We focus on
the 11-16 year olds age group as the vast majority of 11-16 year olds attend secondary schools in England;
we therefore view that these data can be used as a proxy for testing rates within secondary school pupils.
We excluded 17-18 year olds as some of these will be employed or attending university, and therefore trends
may emerge in testing data in these age groups that do not reflect the dynamics within secondary schools,
but rather reflect dynamics in different settings (e.g. universities). We also used Pillar 2 data to inform the
level of LFT participation in each LTLA in the model. The participation in each LTLA on a given day was
taken as the proportion of 10-19 year olds in that LTLA who recorded either a positive or negative LFT
on that day. We used the broader age range of 10-19 year olds here due to the negative Pillar 2 data only
being available in five-year age bands. It is likely that a considerable proportion of negative home tests
remain unrecorded; to account for this, we fit the level of underreporting of negative tests, which scales up
the ‘true’ number of negative LFT tests and hence increases participation levels.

1.2 S-gene data

The Alpha (B.1.1.7) variant is characterised by a deletion in the genome at site 69-70 associated with the
spike protein; this leads to the ThermoFisher TaqPath quantitative PCR assay, used as the main diagnostic
tool in many regions of England, failing to amplify the S-gene target. As such, infections that are confirmed
by PCR but where the S-gene is not detected (often termed as ‘S-gene failures’) provide a key indicator of
the geographical spread of the Alpha variant. We therefore used the change in proportion of S-gene failures
within an LTLA as a proxy for the sigmoidal growth of the Alpha variant which is associated with higher
transmission rates than the original wild-type virus.

1.3 Population by LTLA

We obtained the population sizes in each LTLA from the Office for National Statistics population estimates,
using the mid-year estimates from 20192. We assumed that 11-16 year olds who tested positive in a particular
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LTLA also attended school in that LTLA.

1.4 School absence data

Since September 2020, secondary schools have recorded data regarding absences and confirmed COVID-19
cases, available through the Department for Education: Educational Setting Status data3. In particular,
each school recorded the number of absences due to confirmed COVID-19 cases among pupils each day.
While these data are insufficient to establish the total number of cases in any particular school (as each case
is absent for multiple days), one can obtain the peak number of confirmed cases in each school. To capture
the heterogeneity in outbreak sizes between schools, we fitted our model to the distributions of peak number
of confirmed cases in schools from September to December 2020 and from March to May 2021. Secondary
schools were closed to the majority of pupils in January and February 2021 as part of a national lockdown,
and because of these closures we did not consider confirmed cases in schools during this period.

In addition to the number of absences due to confirmed cases of COVID-19, the number of absences due
to other within-school COVID-19 related reasons were also recorded in the data. Each absence was either
due to being a confirmed COVID-19 case, being a suspected COVID-19 case, or having potentially had
contact with a COVID-19 case from inside the educational setting (after which the student was requested
to isolate). Prior to 10th October 2020, the number of pupils that were asked to isolate due to potential
contact with a COVID-19 case were not separated according to whether the case was from within or outside
the educational setting. As such, the total number of absences for within-school COVID-19 related reasons
over this period are overestimated.

Supplementary Text 2 Constructing modelled secondary schools
We derived from the Department for Education: Educational Setting Status data3 the number of pupils
attending a given modelled secondary school, the LTLA of a modelled secondary school, the urban or rural
status of a school, and close contact group sizes for September-December 2020 and for March-May 2021.
From 31st August 2020 to December 2020, 2979 secondary schools reported such data, while 2861 secondary
schools reported this data from 8th March 2021 to 23rd May 2021. The number of pupils for each secondary
school in the data was taken as the median reported number of pupils on roll from September to December
2020. Whether a school included a sixth form was also specified – we assumed schools that had a sixth form
to be comprised of seven year groups, while schools without a sixth form were assumed to be comprised
of five year groups. This data also contains information regarding whether schools are situated in rural or
urban communities. We classified all schools recorded as belonging to an area classification containing the
term rural (e.g. ‘Rural hamlet and isolated dwellings’) as rural schools, and classified all schools recorded
belonging to an area classification containing the term urban (e.g. ‘Urban major conurbation’) as urban
schools.

While the size of groups schools send home may vary through time and may be context dependent, we can
use absences data from each term to obtain a proxy for the number of close contacts schools are sending
home upon identification of a positive case. Specifically, we considered the size of groups different schools
sent home after one case by finding the median number of COVID-19 related absences for each school, given
there was one confirmed COVID-19 positive pupil (and no confirmed COVID-19 positive teachers). We
found close contact group sizes for September-December 2020 and March-May 2021 separately, as schools
in general isolated smaller groups of pupils in the latter term.

63.5% of schools recorded a day with exactly one confirmed COVID-19 positive pupils from 31st August
2020 to 18th December 2020, while 54.0% recorded a day with exactly one confirmed COVID-19 positive
pupils from 8th March 2021 to 23rd May 2021. Schools without exactly one reported case were similar in
their distribution of school sizes to those that did report exactly one case for September-December 2020,
(Supplementary Figure 1a) but smaller schools were more likely to have not reported exactly one case from
March-May 2021 (Supplementary Figure 1b). Different approaches appear to have been taken by different
schools after a confirmed case. In the majority of cases, close contact group sizes do not scale with school
size, while other schools appear to have isolated year groups or some fraction of the school, which does scale
with school size (Supplementary Figures 1c and 1d). Accordingly, we assumed that close contact group sizes
did not scale with school size, and the close contact group sizes for schools that did not report one confirmed
COVID-19 positive pupil in each term were sampled from the distribution of reported close contact sizes.
We adjusted school sizes, year group sizes, and close contact group sizes for both terms such that year
group sizes were a divisor of school sizes, and close contact group sizes for both terms were a divisor of
year group sizes. Doing so, we obtained a population of 2979 modelled schools with qualitatively similar
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population sizes and implemented close contact isolation policies as reported in Department for Education
data (Supplementary Figure 2).
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Supplementary Figure 1: School sizes and close contact group sizes from absences data. Top
panels: Histograms of school sizes for schools who did record (grey) and who did not record (red) at least
one day with exactly one confirmed case of COVID-19 from (a) 31st August 2020 to 18th December 2020
and (b) 8th March 2021 to 23rd May 2021. Bottom panels: scatter plot of school sizes against close contact
group sizes for (c) 31st August 2020 to 18th December 2020 and (d) 8th March 2021 to 23rd May 2021.
School sizes and close contact group sizes were obtained from Department for Education: Education Setting
Status data.
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Supplementary Figure 2: Comparing modelled secondary schools to absences data. (a) A scatter
plot comparing the size of secondary schools obtained from Department for Education: Education Setting
Status data, taken as the median reported number of pupils on roll from September to December 2020 for
n = 2979 secondary schools reporting data over this period, against modelled secondary school sizes, after
adjusting data such that close contact group sizes are divisors of year group sizes and year group sizes are
divisors of school sizes. (b) Box plots comparing close contact group sizes inferred from absences data and
close contact group sizes used within the model, as a percentage of school size across both terms. Whiskers
refer to 2.5% and 97.5% percentiles, edges of boxes refer to 25% and 75% percentiles, and the central lines
refer to 50% percentiles. The box plot corresponding to absences data from September-December 2020
was derived from n = 2979 secondary schools who reported data over this period, while for the box plot
corresponding to absences data from March-May 2021 was derived from n = 2861 secondary schools who
reported data over this period. 2/2979 close contact group sizes above 400 are omitted from the graph for
the box plot corresponding to data from September-December 2020.

Supplementary Text 3 Transmission dynamics in detail
Within the model, a susceptible pupil can become infected via two different routes - they can either be
infected by another pupil on a day both pupils are attending school, or they can be infected via external
community transmission. On weekends or on days when schools are not open, transmission to pupils occurs
only via external infection. Within the model, the probability that an infected pupil attending school
infects a susceptible pupil attending school is influenced by a number of factors. The factors determining
the expected number of secondary infections from individual i on day d assuming all their contacts are
susceptible, denoted λi(d), are detailed in Supplementary Section 3.1. The within-school contact structure,
determining the specific probability of transmission between two pupils attending school, is detailed in
Supplementary Section 3.2. External infection to pupils is detailed in Supplementary Section 3.3.

External transmission to pupils and pupil-to-pupil transmission occur independently each time step. If
a pupil is infected both via external transmission and from another pupil on the same day, the pupil is
assigned randomly as internally or externally infected. Pupils infected via both routes occur only rarely in
simulations, accounting for less than 0.03% of infections in the simulations from the main analysis.

The initial prevalence in each school at the start of the simulation depended on that school’s LTLA. The
initial level of immunity at the start of simulation was set as 6.25%, reflecting the estimated prevalence of
COVID-19 antibodies in September 2020 nationally4.

3.1 Pupil-to-pupil transmission

Within the model, the expected number of secondary infections from an infected pupil attending school is
influenced by a number of factors, which we expand upon in turn below.

As in our previous study5, an infected pupil’s relative probability of transmission to other pupils on each
day since infection was set according to a previously derived infectivity profile for COVID-196, based on
data from known source-recipient pairs7 (under the assumption that the generation time and incubation
period are independent). Specifically, we assumed that the relative probability of transmission since the
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day of infection is given by a gamma distribution (ΓI(d)) with shape 5.62 and scale 0.986, with an assumed
incubation period distribution (gamma distributed with shape 5.807 and scale 0.9488). After 14 days,
infected individuals recover with immunity that persists over the course of the simulation. We modelled
infections from the 24th August 2020 (a week before schools reopened) until 23rd May 2021. We assumed
that pupils did not attend school, and therefore did not transmit infection within school, from the 24th-28th
August 2020, from 26th-30th October 2020, and from 21st December 2020 - 5th March 2021, corresponding
to periods when schools were either on holiday or not fully reopen due to lockdown measures. Additionally,
pupils also did not attend school for two weeks out of the three from 29th March 2021 - 16th April 2021,
with the specific weeks not attending school dependent on that school’s LTLA.

The initial level of transmission within a particular school s, Ks was drawn from a lognormal distribution:
Ks ∼ LogNormal(log(K)−σ2

K/2, σ2
K), with the parameters K and σK determined via the fitting procedure,

with K representing the mean value of Ks across schools. Ks is a composite term that captures both
the contact rate of individual i and the transmission probability across those contacts, which defined the
expected number of secondary cases from an infected symptomatic pupil in a particular school, assuming
a fully susceptible school population, that pupils attend school each day of their infection, and that the
impact of depletion of susceptibles is negligible.

In reality, many secondary school aged children remain asymptomatic throughout infection9, with asymp-
tomatic individuals likely to be less infectious than symptomatic individuals10,11. Hence, we explicitly
include asymptomatic transmission in our model, assuming that asymptomatic individuals are less infec-
tious than symptomatic pupils by a factor a, 0 ≤ a ≤ 1 i.e. if a symptomatic pupil is expected to infect Ks

other pupils over the course of their infection, an asymptomatic pupil is expected to infect a × Ks other
pupils. We define the function Ai to be such that Ai = 1 if a pupil will develop symptoms, or Ai = a
otherwise.

The level of pupil-to-pupil transmission on day d is also impacted by the proportion of cases within a
school’s LTLA that are of the B.1.1.7 (Alpha) variant. This proportion is obtained by fitting a sigmoidal
curve to the proportion of PCR tests within an LTLA that return an S-gene negative result out of those
that return an S-gene status, (Supplementary Figure 3), a reliable indicator of the B.1.1.7 variant. This
proportion scales the level of within-school transmission. We let VLT LA(d) denote the scaling factor increase
in within-school transmission resulting from the proportion of the B.1.1.7 variant present in an LTLA on
day d, with VLT LA(d) = v, 1 ≤ v ≤ 2 when all new cases are of the B.1.1.7 variant, and with VLT LA(d) = kv
when a proportion k of new cases are of the B.1.1.7 variant. Our range for the proportional increase in
transmissibility of the B.1.1.7 variant (compared to wildtype variants previously in circulation) was chosen
to reflect contemporary estimates of the increased transmissibility of the B.1.1.7 variant12–14.

We also introduce F (d), a function scaling pupil-to-pupil transmission for all schools by a constant factor
f, 0.5 ≤ f ≤ 3 from 2nd November 2020 onwards, i.e. after the first half-term of schools reopening.
The purpose of this parameter is to account for the impact of reduced adherence to within-school control
measures as the school term progresses, after initially very high adherence to such measures. We determine a
posterior distribution for f via the fitting procedure. Without the introduction of this parameter, an increase
in transmissibility was attributed to the Alpha variant that we deemed as implausible based on estimates
from other studies12–14. Because of these correspondence issues, we introduced f to obtain a reasonable
fit to Pillar 2 testing data through time, whilst still obtaining increases in transmissibility of the B.1.1.7
variant consistent with contemporary estimates. Our prior range for f extends to scenarios that account for
a decrease in transmissibility from 2nd November 2020, to assure that the increase in transmissibility found
was not an artefact of the choice of prior. All but one value of f from the posterior sample were above 1,
with a 95% credible interval of 1.09-2.18.

For a pupil i infected on day d0, attending a school s situated in a particular LTLA on day d, the infec-
tiousness of individual i on day d is given by:

λi(d) =
{

Ai × F (d) × VLT LA(d) × Ks × ΓI(d − d0), if i attends school
0, otherwise

(1)

The interpretation of λi(d) is the expected number of secondary infections from individual i on day d,
assuming all their contacts are susceptible. In total, we fit six model parameters relevant to pupil-to-pupil
transmission: K, σK , a, f, v and the proportion of the infected pupils who develop symptoms over the course
of their infection.
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Supplementary Figure 3: Approximating the relative frequency of B.1.1.7 (Alpha) variant cases.
The percentage of PCR tests from an LTLA that return an S-gene negative result out of those that return
an S-gene status (cross markers) increases approximately sigmoidally through time. As an S-gene negative
result is a reliable genomic marker of the B.1.1.7 variant, we approximate the percentage of cases of the
B.1.1.7 variant through time by fitting a sigmoidal curve to this data (solid lines). We plot these data and
the fitted sigmoidal curves for two exemplar LTLAs.

3.2 School contact structure

In our previous study, to understand the impact of control measures targeted at year groups5, we described
a situation where secondary schools implemented a bubbling policy at the level of year groups and assumed
that pupils mixed randomly within year groups. However, while the majority of secondary schools report
implementing a bubbling policy at the level of year groups15, schools have often isolated smaller groups
of targeted close contacts upon confirmation of a positive case16, in line with the guidance to secondary
schools in England as of June 202117. To account for these variations in the size of groups being isolated,
we extended our model to consider three levels of mixing. Each year group was comprised of exclusive sets
of close contacts of equal size, with each school comprised of several year groups. We set pupils to mix
with their close contacts at a rate α0, mix with pupils in the rest of their year group at a rate α1, and mix
with pupils in the rest of their school at a rate α2. By default, we set α0 = 1 and let 0 ≤ α1, α2 ≤ 1. The
hierarchy of α terms reflects relative mixing rates compared to a baseline mixing rate of close contacts - i.e
the probability an individual has contact with a given non-close contact member in the same year group is
α1 times their probability of contact with a close contact, while the probability an individual has contact
with a pupil in a different year group is α2 times their probability of contact with a close contact. Recalling
λi(d) denotes the infectiousness of individual i on day d, and letting Nx denote the number of contacts a
pupil has of type x, we set the probability of transmission from an infectious individual i to a susceptible
individual j to be:

τ(i, j) = λi(d)
NC + α1NY + α2NS

×


1, if i and j are close contacts
α1, if i and j are in the same year but not close contacts
α2, if i and j are in different years
0, if j does not attend school

(2)

C ∈ {Close contacts}, Y ∈ {Rest of year}, S ∈ {Rest of school} (3)

The probability of transmission to a susceptible individual j, βj(d), is given by 1 minus the probability that
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j is not infected by any pupil on day d, i.e.:

βj(d) = 1 −
∏

i

(1 − τ(i, j)) (4)

In these equations, choosing α1 = α2 = 1 corresponds to random mixing across the entire school, while at
the other extreme, where α1 = α2 = 0, pupils mix exclusively with their close contacts. In our baseline
scenario, we assumed α1 = 0.1 and α2 = 0.01, reflecting a situation where pupils have a much higher rate of
interaction with their close contacts than other members of their year group, and where year group bubbles
have been in general very effective (with only a small rate of interaction between years to account for the
impact of indirect infection via teachers and siblings). To understand the sensitivity of our results to these
mixing assumptions, in Supplementary Text 8 we considered a situation with more mixing within-years and
across years, setting α1 = 1 and α2 = 0.1: qualitatively similar results were obtained.

3.3 External infection

Within the model, the probability of external infection of pupils depended on each school’s LTLA and varied
through time. Detailed temporal COVID-19 testing data have been recorded at the LTLA level1, and the
positive testing rate within a population is a function of the prevalence in that population. To account
for the delay between contracting infection and displaying symptoms, with a mean time from infection to
symptom onset of 5.5 days, we assumed that the rate of external infection of school pupils on day d was
proportional to the proportion of all individuals in that school’s LTLA testing positive to a PCR test on day
d + 5. This positive testing rate was then scaled by a factor depending on whether a school was situated in
a rural or urban area, reflecting reduced exposure to community infection of children in rural communities
compared to those in urban areas. For all schools, the probability of external infection was scaled by a
factor h during school holidays.

All pupils from a school s in a given LTLA who were not isolating had a probability of external infection
each day d, proportional to the proportion of the LTLA’s population who tested PCR positive on day d
(which we denote XLT LA

P CRtot(d)), obtained from Pillar 2 data. For each school s, XLT LA
P CRtot(d) is scaled by a

factor ϵ, 0 < ϵ ≤ 4.

To reflect reduced exposure to community infection of children in rural communities compared to those
in urban areas, the probability of external infection for pupils in rural schools is scaled down by a factor
r, 0 < r ≤ 1. We introduce the function ρS , which equals 1 for urban schools and r for rural schools. The
probability of external infection for pupils is scaled up during school holidays and school closures by a factor
h, 1 ≤ h ≤ 3, because during such periods pupils will spend more time with non-school contacts, hence
increasing their risk of community infection. We introduce the function H(d) which equals 1 during term
time and h during school holidays or closures. For a susceptible pupil j, who attends school s situated in a
particular LTLA, the probability that they are infected via community infection is given by Es(d):

Es(d) = ρS × H(d) × ϵ × XLT LA
P CRtot(d) (5)

Pupil j’s total probability of infection on day d is given by 1 − ((1 − βj(d)) × (1 − Es(d))), with βj(d) as
defined in Equation (4).

In total, we fit three model parameters relevant to external infection via community transmission: ϵ, r and
h.

Supplementary Text 4 Testing in detail
4.1 School testing policies

Throughout the simulations, all symptomatic infected pupils underwent a PCR test upon symptom onset.
The period to symptom onset was drawn from a Gamma distribution with shape 5.807 and scale 0.9488).
Pupils self-isolated until they received a test result. We assumed that pupils received a result two days after
taking a test (though in reality there will be some variation in the length of time between taking a test
and receiving a result). Those receiving a negative result returned to school the day after receiving this
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notification, while those testing positive entered isolation for a period including the day that symptom onset
began and the next ten full days18. Those testing positive are recorded as a confirmed case of COVID-19
over the course of their isolation period. As asymptomatic pupils did not develop symptoms, they were
only detectable through LFT testing. Pupils who tested positive using an LFT entered isolation, with the
outcome of a confirmatory PCR test then determining whether the pupil remained in isolation (for a period
including the day the LFT test was taken and the next ten full days18). Twice weekly mass testing in
schools began on the 1st March 2021, i.e. the week before schools reopened. In each school, each pupil was
assigned two days of the week (Sunday and Wednesday, Monday and Thursday, etc.) in which they were
scheduled to undertake an LFT test each week. The probability of those pupils taking a test on that given
day was matched to the uptake of LFTs in that school’s LTLA. As LFTs have predominantly been taken
at home, we assumed that identified infected pupils did not transmit infection on the day they undertook a
test.

Upon a pupil testing positive to a PCR test, the close contacts of that pupil did not attend school for ten
days counted from the day of last contact19. We refer to this as the isolation of close contacts, consistent
with the language used to describe school policies in the event of a confirmed case in the UK17, though this
could also be described as the quarantine of close contacts. Secondary schools isolated the close contacts of
infected pupils upon a pupil testing positive to a PCR test (either through self-seeking or as a confirmatory
test to a positive LFT) for ten days following the day of last contact19. Within the model, the size of close
contact groups for each school remained constant over each term, informed by reported absences data. To
reflect that schools have in general isolated smaller groups of pupils from March 2021 onwards, the size
of close contact groups therefore differed between September to December 2020 and March to May 2021
(Supplementary Figure 2b).

4.2 Test sensitivity and specificity

We used previously estimated LFT and PCR test sensitivity profiles for symptomatic individuals20. For
asymptomatic individuals, we assumed that the probability of testing positive was equal to that of symp-
tomatic individuals until peak positive test probability, but then decayed more rapidly, as in our previous
study5. The specificity of PCR tests was assumed to be 1, in line with data indicating that false PCR
positives are very rare21. The specificity of LFTs through mass testing in schools in England has been very
high, with a specificity of at least 99.9% reported22,23 In line with previously obtained estimates of LFT
specificity in this setting, we assume the specificity of LFTs to be 99.97%23.

4.3 Twice weekly mass testing

Within the model, twice weekly mass testing of secondary school pupils is implemented from the 1st March
2021 until the end of the simulation, in line with the introduction of mass testing prior to secondary schools
reopening on the 8th March 2021. Each pupil was assigned two days of the week they are scheduled to
take their tests - taking their first test on Sunday, Monday, Tuesday, or Wednesday, and taking their second
test three days after (Wednesday, Thursday, Friday, or Saturday, respectively). The probability of a pupil
scheduled to take a test p was adjusted to match daily LFT participation in secondary school aged pupils
within that school’s LTLA.

Daily LFT participation per LTLA was taken as the proportion of 10-19 year olds in that LTLA who
recorded either a positive or negative LFT on that day. We used the broader age range of 10-19 year
olds here due to the negative Pillar 2 data only being available in five year age bands. This is likely an
underestimate, for two reasons. Firstly, a considerable proportion of negative home tests remain unrecorded.
To account for this, we determine the level of underreporting, u, 1 ≤ u ≤ 4, via the fitting procedure. The
number of negative LFTs per LTLA is scaled up by the factor u from 14th March 2021, i.e. after tests
shifted from being at school to being taken at home. We assume that u remains constant over time and is
constant across LTLAs, though in reality u may wane over time and vary by LTLA. Secondly, the age range
considered (10-19 year olds) includes some ages not attending secondary school (who are not expected to
take LFT tests), and consequently testing uptake is likely concentrated in a smaller age range. While this
is not accounted for explicitly, the scaling up via underreporting counteracts this underestimation. LFT
participation levels obtained from data and modelled participation after accounting for underreporting is
shown in Supplementary Figure 4a.

Estimates of LFT participation levels per LTLA over the term are taken as the mean daily LFT participation
from 8th March 2021 until 23rd May 2021, divided by 2/7 - as 2/7ths of pupils taking a test every day
would correspond to full uptake of twice weekly mass testing (assuming that the day of first tests and day
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of second tests are distinct and random). There is considerable heterogeneity in LFT participation between
LTLAs, shown in Supplementary Figure 4b.
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Supplementary Figure 4: Modelling LFT participation. (a) We plot time-series of the percentage of
10-19 year olds in England who report either a positive or negative LFT result each day (black line), and
of the modelled percentage of pupils who take an LFT each day after accounting for underreporting of
home tests from 21st March 2021 (purple line). Model results are from 100 simulations of 2979 secondary
schools, each with a distinct parameter set sample from the posterior distribution, with the solid purple line
corresponding to the mean estimate and the shaded purple interval representing the 95% prediction interval.
(b) LTLAs shaded according to modelled percentage participation level of LFTs from 8th March-23rd May
2021, taken as the mean daily LFT participation within that LTLA from 8th March 2021 until 23rd May
2021, divided by 2/7.
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Supplementary Text 5 Model fitting
5.1 The inference scheme

The model is fitted using an Approximate Bayesian Computation Sequential Monte Carlo (ABC-SMC)
approach24,25. For the first generation, we sampled particles from the prior distribution (Supplementary
Table 1), until we obtained 200 particles returning finite log-likelihoods. The covariance matrix of these
particles informed the covariance matrix for the perturbation kernel, used to generate candidate particles
from the particles retained in the previous generation. Our perturbation kernel was 0.68 times the weighted
empirical variance of the particles retained in the previous generation. After the first generation, we gener-
ated 200 accepted parameter sets for each generation that returned log-likelihoods greater than the median
log-likelihood of particles in the previous generation.

To navigate parameter space more efficiently, we first performed the fitting for a representative sample of
100 schools for ten generations. We then ran the model fitting scheme for a representative sample of 600
schools (≈ 20% of the schools) for a further eight generations. Representative samples of schools were chosen
such that the distribution of school sizes, the distributions of close contact sizes, and the mean community
testing rate per pupil matched closely the whole set of schools (Supplementary Figure 5).
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Supplementary Figure 5: Representative sample of schools for model fitting. The above plots
compare the sample of 100 schools used for the first 11 generations of model fitting (orange) and the sample
of 600 schools used for the subsequent 8 generations of model fitting (green) against the four characteristics
of the whole set of modelled schools (black dot-dashed in (a); grey in (b-d)) they were matched against: (a)
the mean community testing rate per pupil, calculating by averaging the percentage of an LTLA who tested
positive to a Pillar 2 PCR test each day over all modelled pupils, (b) the distribution of modelled school
sizes, (c) the distribution of close contact group sizes from 1st September 2020 to 18th December 2020 and
(d) the distribution of close contact group sizes from 8th March 2021 to 23rd May 2021.

When running the fitting scheme using the representative sample set of 600 schools, to evaluate the log-
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likelihood for a candidate particle we employed a two-step process to improve algorithmic efficiency. Firstly,
we initially evaluated the log-likelihood using 100 schools. If the log-likelihood was below the median log-
likelihood obtained from the tenth generation, the parameter set was discarded. If the log-likelihood was
above the median log-likelihood obtained from the tenth generation, we simulated epidemics in the remaining
500 schools and recalculated the log-likelihood.

5.2 The log-likelihood function

We fitted the model to Pillar 2 testing data and peak confirmed cases as recorded in the schools data (as
described in Supplementary Text S1). We could define the log-likelihood of the model parameters given
the data for each of the data streams. We based the time-series components of the log-likelihood function
on a binomial likelihood for each week. We let XT (w) denote the observed number of positive tests of
type T, T ∈ {PCR, LFT} in 11-16 year olds on week w, YT (w) denote the predicted proportion of pupils
who test positive on week w to a test of type T , and we let N denote the population size of 11-16 year
olds in England. LB(n|N, p) denotes the log of the binomial probability function, with n the number of
observations out of a total population of size N given a probability of event occurrence p. We assumed the
components corresponding to the distributions of peak confirmed cases in schools followed a multinomial
distribution. We let SP (k) denote the number of secondary schools with a peak of k confirmed cases over
period P, P ∈ {September to December 2020 (septodec), March to May 2021 (martomay)}, YP (k) denote
the predicted proportion of schools with a peak of k confirmed cases over period P . For September to
December 2020, we aggregated schools recording 15 confirmed cases or above into the same bin, while for
March to May 2021 we aggregated schools recording 8 confirmed cases or above into the same bin. These
aggregation thresholds were chosen such that each bin contained at least 2% of schools recording data for
that period. If no simulated schools recorded k confirmed cases, we added 1 to the number of simulated
schools recorded in each bin to avoid obtaining log-likelihoods of −∞. In sum, our log-likelihood function
was:

LL(θ) =
∑

w

LB(XP CR(w)|N, YP CR(w)) +
∑

w

LB(XLF T (w)|N, YLF T (w))

+
∑

k

[Sseptodec(k) × log(Yseptodec(k))] +
∑

k

[Smartomay(k) × log(Ymartomay(k))]. (6)

5.3 Inspection of parameter posterior distributions

Supplementary Table 1 describes and explains each model parameter, the prior distribution assumed for
each parameter, and the 95% credible interval of the posterior distribution for each parameter.

Supplementary Figure 6 displays density plots of a sample of 200 parameter sets obtained from the poste-
rior distribution, while Supplementary Figure 7 displays pairwise scatter plots of the fitted values of each
parameter. K was negatively correlated with all other parameters impacting pupil-to-pupil transmission
(σK , f, v, a and the proportion of symptomatic individuals), moderating the increase in transmission from
higher values of K. Supplementary Figure 8 demonstrates the improvement in fit obtained in successive
generations via the fitting process, plotting log-likelihood values obtained each generation.
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Supplementary Table 1: Explanation of model parameters, assumed prior distributions, and
posterior ranges. All credible interval ranges are specified to two decimal places. We drew within-school
transmission for each school Ks from a lognormal distribution: Ks ∼ LogNormal(log(K) − σ2

K/2, σ2
K).

Parameter Explanation Prior
Posterior
(95% credible
interval)

1. Mean pupil-to-pupil
transmission parameter, K

Initial expected secondary infections
from a symptomatic pupil in a
completely susceptible school, with
replacement of infected pupils.

Unif(0, 4) 0.90-2.77

2. σK parameter of pupil-to-pupil
transmission lognormal
distribution

Schools likely vary in efficacy
of control measures. Unif(0, 1) 0.13-0.70

3. Scaling factor of increased
pupil-to-pupil transmission
after October half-term, f

Reducing adherence to within-school
control measures as the school term
progresses.

Unif(0.5, 3) 1.09-2.18

4. Increase in transmissibility
of the B.1.1.7 variant, v

More transmissible variants will
increase pupil-to-pupil transmission12,14,26. Unif(1, 2) 1.60-1.98

5. Scaling constant for
community infection, ϵ

Probability of external infection is
proportional to community prevalence. Unif(0, 4) 1.02-2.20

6. Scaling factor of community
infection for rural schools, r

Pupils at school in rural areas likely
have less exposure to infection in
the community.

Unif(0, 1) 0.10-0.85

7. Scaling factor of community
infection during
school holidays, h.

During school holidays pupils spend
more time with non-school contacts,
increasing risk of community infection.

Unif(1, 3) 1.18-2.50

9. Relative infectiousness
of asymptomatic pupils, a

Asymptomatic pupils are likely less
infectious than symptomatic pupils10,11. Unif(0, 1) 0.14-0.93

8. Proportion of pupils who
are symptomatic

Many secondary-school aged
children will be asymptomatic
and will not seek PCR tests9.

Unif(0, 1) 0.35-0.58

10. Underreporting of negative
home LFT tests, u

Pupils may not always accurately
report LFTs taken at home. Unif(1, 4) 1.96-3.24
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Supplementary Figure 6: Posterior distribution density plots. Posterior parameter density plots for
each of the parameters fitted in the model via an ABC-SMC approach for the parameters: K and σK ,
the parameters determining the baseline pupil-to-pupil transmission parameter Ks ∼ LogNormal(log(K) −
σ2

K/2, σ2
K); f , the scaling factor on pupil-to-pupil transmission after the October 2020 half-term; v, the

increased transmissibility of the new variant; ϵ, the scaling constant for community infection; r, the scaling
factor of community infection for rural schools; h, the scaling factor of community infection during school
holidays; a, the relative infectiousness of asymptomatic pupils; Sym, the proportion of pupils who are
symptomatic; and u, the underreporting of negative home LFTs. We constructed the density plots from 200
parameter sets sampled from the posterior distribution. Dashed lines indicate the uniform prior distribution
of the parameter. We observe the density of most parameter to be approximately normally distributed.

13



0

1

0.5

3  

1

2

0

4

0

1

1

3

0

1

0

1

0 4
1

4

0 1 0.5 3  1 2 0 4 0 1 1 3 0 1 0 1 1 4

Supplementary Figure 7: Pairwise scatter plots of the posterior distribution. Pairwise scatter
plots of 200 parameter sets sampled from the posterior distribution, showing the correlation between the
parameters: K and σK , the parameters determining the baseline pupil-to-pupil transmission parameter
Ks ∼ LogNormal(log(K)−σ2

K/2, σ2
K); f , the scaling factor on pupil-to-pupil transmission after the October

2020 half-term; v, the increased transmissibility of the new variant; ϵ, the scaling constant for community
infection; r, the scaling factor of community infection for rural schools; h, the scaling factor of community
infection during school holidays; a, the relative infectiousness of asymptomatic pupils; Sym, the proportion
of pupils who are symptomatic; and u, the underreporting of negative home LFTs. Diagonal entries show
posterior parameter density plots of each parameter.
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Supplementary Figure 8: Model fitting by generation. We display negative log-likelihood values ob-
tained during the model fitting process for the accepted parameters of each generation. The dark grey line
displays the negative log-likelihood values of all accepted parameter sets, plotted in descending order for
each generation. Circles indicate the median log-likelihood of each generation, which is the value used as
the threshold of acceptance for the subsequent generation. The initial generation is shaded in pink, where
parameter sets are drawn randomly from the prior distribution until, upon simulation of epidemics in a sam-
ple of 100 schools, finite log-likelihoods are returned. The initial generation is followed by 10 generations,
shaded in grey, where the model also simulates epidemics in a sample of 100 schools. This is followed by 8
generations, where the model simulates epidemics in a sample of 600 schools.
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5.4 Robustness of model fitting

To explore whether the parameters estimated were robustly inferred by our model fitting approach, we
fitted our model to five synthetic data sets. Each synthetic data set was generated by randomly sampling
parameters from their respective prior distribution. We ran 100 simulations for each parameter set. We
took XP CR, XLF T , Sseptodec, and Smartomay as their average values from the 100 simulations. After fitting
to each synthetic data set, we compared the posterior distribution of parameters to the ‘true’ parameter
value used to generate the synthetic data. All posterior distributions contained the parameter values used
to generate the synthetic data (Supplementary Figure 9).

The data were consistently informative over the priors for the parameters K - the baseline pupil-to-pupil
transmission parameter, v - the increased transmissibility of the Alpha variant, ϵ - the scaling constant for
community infection, Sym - the proportion of pupils who will become symptomatic after infection, and u -
the level of underreporting of home LFTs. For most synthetic sets, the data were also informative for the
parameters σK - determining variability between Ks values drawn for each school, f - the scaling factor
impacting transmission after the October half-term break, and h - the scaling factor increasing community
infection during school holidays. The range of posterior values remained wide in most instances for the
parameters r - determining the scaling factor for rural schools, and a - determining the relative infectiousness
of asymptomatic individuals. The correlations observed between parameters fitted to the real data were
qualitatively similar to those observed in the synthetic data sets (Supplementary Figures 10 to 14).
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Supplementary Figure 9: Posterior distribution density plots for five synthetic data sets. Posterior
parameter density plots for each of the parameters fitted in the model via an ABC-SMC approach for five
different synthetic data sets. Each column corresponds to one of the five synthetic data sets. The rows
show the density plots for parameters (from top to bottom): K and σK , the parameters determining the
baseline pupil-to-pupil transmission parameter Ks ∼ LogNormal(log(K) − σ2

K/2, σ2
K); f , the scaling factor

on pupil-to-pupil transmission after the October half-term; v, the increased transmissibility of the Alpha
variant; ϵ, the scaling constant for community infection; r, the scaling factor of community infection for rural
schools; h, the scaling factor of community infection during school holidays; a, the relative infectiousness
of asymptomatic pupils; Sym, the proportion of pupils who are symptomatic; and u, the underreporting of
negative home LFTs. We constructed the density plots from 200 parameter sets sampled from the posterior
distribution. Red dotted lines indicate the true parameter value used to generate the synthetic data set.

17



0

1

0.5

3  

1

2

0

4

0

1

1

3

0

1

0

1

0 4
1

4

0 1 0.5 3  1 2 0 4 0 1 1 3 0 1 0 1 1 4

Supplementary Figure 10: Pairwise scatter plots of the posterior distribution for Synthetic data
set 1. Pairwise scatter plots of 200 parameter sets sampled from the posterior distribution, showing the
correlation between the parameters: K and σK , the parameters determining the baseline pupil-to-pupil
transmission parameter Ks ∼ LogNormal(log(K) − σ2

K/2, σ2
K); f , the scaling factor on pupil-to-pupil trans-

mission after the October 2020 half-term; v, the increased transmissibility of the Alpha variant; ϵ, the scaling
constant for community infection; r, the scaling factor of community infection for rural schools; h, the scaling
factor of community infection during school holidays; a, the relative infectiousness of asymptomatic pupils;
Sym, the proportion of pupils who are symptomatic; and u, the underreporting of negative home LFTs.
Diagonal entries show posterior parameter density plots of each parameter. Black dotted lines indicate the
true parameter value used to generate the synthetic data set.
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Supplementary Figure 11: Pairwise scatter plots of the posterior distribution for Synthetic data
set 2. Pairwise scatter plots of 200 parameter sets sampled from the posterior distribution, showing the
correlation between the parameters: K and σK , the parameters determining the baseline pupil-to-pupil
transmission parameter Ks ∼ LogNormal(log(K) − σ2

K/2, σ2
K); f , the scaling factor on pupil-to-pupil trans-

mission after the October 2020 half-term; v, the increased transmissibility of the Alpha variant; ϵ, the scaling
constant for community infection; r, the scaling factor of community infection for rural schools; h, the scaling
factor of community infection during school holidays; a, the relative infectiousness of asymptomatic pupils;
Sym, the proportion of pupils who are symptomatic; and u, the underreporting of negative home LFTs.
Diagonal entries show posterior parameter density plots of each parameter. Black dotted lines indicate the
true parameter value used to generate the synthetic data set.
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Supplementary Figure 12: Pairwise scatter plots of the posterior distribution for Synthetic data
set 3. Pairwise scatter plots of 200 parameter sets sampled from the posterior distribution, showing the
correlation between the parameters: K and σK , the parameters determining the baseline pupil-to-pupil
transmission parameter Ks ∼ LogNormal(log(K) − σ2

K/2, σ2
K); f , the scaling factor on pupil-to-pupil trans-

mission after the October 2020 half-term; v, the increased transmissibility of the Alpha variant; ϵ, the scaling
constant for community infection; r, the scaling factor of community infection for rural schools; h, the scaling
factor of community infection during school holidays; a, the relative infectiousness of asymptomatic pupils;
Sym, the proportion of pupils who are symptomatic; and u, the underreporting of negative home LFTs.
Diagonal entries show posterior parameter density plots of each parameter. Black dotted lines indicate the
true parameter value used to generate the synthetic data set.
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Supplementary Figure 13: Pairwise scatter plots of the posterior distribution for Synthetic data
set 4. Pairwise scatter plots of 200 parameter sets sampled from the posterior distribution, showing the
correlation between the parameters: K and σK , the parameters determining the baseline pupil-to-pupil
transmission parameter Ks ∼ LogNormal(log(K) − σ2

K/2, σ2
K); f , the scaling factor on pupil-to-pupil trans-

mission after the October 2020 half-term; v, the increased transmissibility of the Alpha variant; ϵ, the scaling
constant for community infection; r, the scaling factor of community infection for rural schools; h, the scaling
factor of community infection during school holidays; a, the relative infectiousness of asymptomatic pupils;
Sym, the proportion of pupils who are symptomatic; and u, the underreporting of negative home LFTs.
Diagonal entries show posterior parameter density plots of each parameter. Black dotted lines indicate the
true parameter value used to generate the synthetic data set.
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Supplementary Figure 14: Pairwise scatter plots of the posterior distribution for Synthetic data
set 5. Pairwise scatter plots of 200 parameter sets sampled from the posterior distribution, showing the
correlation between the parameters: K and σK , the parameters determining the baseline pupil-to-pupil
transmission parameter Ks ∼ LogNormal(log(K) − σ2

K/2, σ2
K); f , the scaling factor on pupil-to-pupil trans-

mission after the October 2020 half-term; v, the increased transmissibility of the Alpha variant; ϵ, the scaling
constant for community infection; r, the scaling factor of community infection for rural schools; h, the scaling
factor of community infection during school holidays; a, the relative infectiousness of asymptomatic pupils;
Sym, the proportion of pupils who are symptomatic; and u, the underreporting of negative home LFTs.
Diagonal entries show posterior parameter density plots of each parameter. Black dotted lines indicate the
true parameter value used to generate the synthetic data set.
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Supplementary Text 6 Comparing the model against testing data
by region and testing data by LTLA

We compared the fitted model to Pillar 2 testing data regionally and by LTLA. The model matched PCR
testing data closely at a regional level (Supplementary Figure 15), although the model underestimated the
heterogeneity in PCR and LFT testing data between LTLAs (Supplementary Figure 16).
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Supplementary Figure 15: Comparing the fitted model against PCR testing data by region. The
above plots compare the percentage of 11-16 year olds who test PCR positive regionally (excluding confir-
matory PCR tests) each day from 1st September 2020 to 23rd May 2021 against the modelled percentage of
pupils testing PCR positive through time, for (a) East of England, (b) Greater London, (c), the Midlands,
(d) the North-East, (e), the North-West, (f) the South-East, and (g) the South-West, with (h) showing the
LTLAs that aggregated together formed each region, with colours corresponding to the time-series plots.
We obtained these results from 100 simulations of 2979 secondary schools, each with a distinct parameter
set sample from the posterior distribution. In all panels, solid lines correspond to mean temporal profiles
and shaded ribbons represent 95% prediction intervals.
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(a) (b)

(c) (d)

Supplementary Figure 16: Comparing the fitted model against testing data by LTLA. Each LTLA
is shaded to signify (a) the proportion of 11-16 year olds and (b) the proportion of modelled pupils from the
fitted model who have tested positive to a PCR test (excluding confirmatory PCR tests) from 1st September
2020 until 23rd May 2021, shaded according to the same colour range. Similarly, each LTLA is shaded to
signify (c) the proportion of 11-16 year olds and (d) the proportion of modelled pupils from the fitted model
who have tested positive to an LFT test from 8th March 2021 until 23rd May 2021, shaded according to
the same colour range. We obtained our model results from 100 simulations of 2979 secondary schools, each
with a distinct parameter set sample from the posterior distribution.
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Supplementary Text 7 Comparing the model against absences data
We compared the level of absences obtained from the model against COVID-19 related absences recorded
in Department for Education: Education Setting Status data. While the model is not fitted to this data
explicitly, the close contact group sizes and isolation policies of modelled schools should result in similar levels
of absences. Accordingly, modelled absences matched closely with observed data nationally (Supplementary
Figure 17). The model matched PCR testing data relatively closely at a regional level (Supplementary
Figure 18), though it underestimated absences in London and the South East in November-December 2020,
underestimated absences in the North West in May 2021, and overestimated absences in the South West in
May 2021.
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Supplementary Figure 17: Comparing modelled absences against within-school COVID-19 related
absences data. The time-series of the modelled percentage of pupils absences (purple line) is compared to
the observed percentage of pupils absent due to a confirmed case or a suspected case of COVID-19, or due to
being told to isolate due to potential contact with a case of COVID-19 from inside their educational setting,
for the 2979 secondary schools that recorded this data. Model results were obtained from 100 simulations
of 2979 secondary schools, each with a distinct parameter set sample from the posterior distribution. Solid
lines correspond to mean temporal profiles and shaded intervals represent 95% prediction intervals.
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Supplementary Figure 18: Comparing the fitted model against within-school COVID-19 related
absences data by region. The above plots compare modelled percentage of pupils absences compared to
the observed percentage of pupils absent due to a confirmed case or a suspected case of COVID-19, or due to
being told to isolate due to potential contact with a case of COVID-19 from inside their educational setting,
for the 2979 secondary schools that recorded this data., for (a) East of England, (b) Greater London, (c),
the Midlands, (d) the North-East, (e), the North-West, (f) the South-East, and (g) the South-West, with
(h) showing the LTLAs that aggregated together formed each region, with colours corresponding to the
time-series plots. We obtained these results from 100 simulations of 2979 secondary schools, each with a
distinct parameter set sample from the posterior distribution. In all panels, solid lines correspond to mean
temporal profiles and shaded ribbons represent 95% prediction intervals.
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Supplementary Text 8 Assuming greater relative levels of within-
year and between-year mixing

This section contains analogous figures to Figures 2-4 from the main paper, under alternative within-school
mixing assumptions. In the main analyses presented in the main body of the paper, we assumed that pupils
interacted with their close contacts at a much higher rate than other members of their year group, and where
year group bubbles have been in general very effective, setting α1 = 0.1 and α2 = 0.01. However, a precise
understanding of current levels of within-school mixing remains unclear. While previous studies undertaken
prior to the COVID-19 pandemic have attempted to record contact mixing patterns within schools27–29,
the implementation of rigid social distancing measures within schools mean that such studies are not of
direct use in the context of COVID-19. The CoMix study has surveyed social contacts in the UK during the
COVID-19 pandemic and has been used to infer age-dependent mixing matrices30, though is not directly
informative of contact structure within schools specifically. Accordingly, we assessed the sensitivity of of
our results to these mixing assumptions.

To do so, we also fitted our model under the assumption that pupils within their year-group mix randomly,
setting α1 = 1 and that there is a much higher-level of interaction between year groups, setting α2 = 0.1.
It is important to note that the differing mixing assumptions between this section and the main paper only
effects who an infected pupil will infect, rather than how many. These results should not be interpreted as
justifying a relaxation of pre-existing within-school distancing measures, as doing so would not only change
the mixing patterns within a school, but would also likely increase the number of infectious contacts pupils
make.

Assuming α1 = 1, α2 = 0.1, we fitted the model via the ABC-SMC procedure outlined in Supplementary
Text 5. The fitted model matches well to both temporal PCR and LFT positivity data (Supplementary
Figures 19a and 19b), and the fits obtained to the to the distribution of peak confirmed cases from September-
December 2020 and from March-May 2021 were qualitatively similar to the fitted model in the main analysis
(Supplementary Figures 19c and 19d).

Qualitatively similar trends emerged in the estimates of within-school transmission and Rschool, despite the
differing assumptions regarding within school mixing (Supplementary Figure 20). The proportion of cases
occurring within school increased through time, accounting for 42% (95% prediction interval: 23-60%) of
all new infections in the September-October half term, 69%: (95% prediction interval: 59-78%) of all new
infections in the November-December half term, and 74% (95% prediction interval: 65-82%) of infections
since schools reopened from 8th March 2021 until 23rd May 2021.

As in the main analyses, the introduction of mass testing alongside isolation of close contacts substantially
reduced incidence from 8th March-23rd May 2021 compared to a policy of isolation of close contacts only,
and kept Rschool below 1 over the same period. Under these alternative mixing assumptions, we obtained
qualitatively similar Rschool values to the Rschool values obtained for their counterparts in the main analysis.
As in the main analysis, a strategy of mass testing alone, or a strategy of serial contact testing alongside
mass testing led to substantially lower levels of absences than either strategy involving the isolation of close
contacts (Supplementary Figure 21).

These results show that, once the model is calibrated to fit the available data, the relative levels of mix-
ing assumed within schools has little bearing on the impact of control measures. An understanding of
whether this holds in general, and a deeper understanding of the interplay between contact network struc-
ture within schools and the success of COVID-19 control measures, would be an important contribution
going forward.

27



(a)

Sep 2020 Nov 2020 Jan 2021 Mar 2021 May 2021
Date

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

%
 p

up
ils

 te
st

in
g 

P
C

R
 p

os
iti

ve

Data
Model
Schools closures/holidays

(b)

Mar 08 Mar 22 Apr 05 Apr 19 May 03 May 17
Date 2021   

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

%
 p

up
ils

 te
st

in
g 

LF
T

 p
os

iti
ve

Data
Model
Schools closures/holidays

(c)

0 5 10 15 20 25 30+
Peak confirmed cases, N

0

2

4

6

8

10

12

14

%
 o

f s
ch

oo
ls

 w
ith

 p
ea

k 
N

 c
on

fir
m

ed
 c

as
es Model (Sep-Dec 2020)

Data (Sep-Dec 2020)

(d)

0 2 4 6 8 10+
Peak confirmed cases, N

0

5

10

15

20

25

30

35

%
 o

f s
ch

oo
ls

 w
ith

 p
ea

k 
N

 c
on

fir
m

ed
 c

as
es Model (Mar-May 2021)

Data (Mar-May 2021)

Supplementary Figure 19: Fitting the model to testing and secondary school absences data, under
different within-school mixing assumptions. Under the alternative within-school mixing assumptions
α1 = 1, α2 = 0.1, the stochastic individual-based model is fitted to (a) the percentage of 11-16 year olds
who test PCR positive (excluding confirmatory PCR tests) each day from 1st September 2020 to 23rd May
2021, (b) the percentage of 11-16 year olds who test LFT positive each day from 8th March 2021 to 23rd
May 2021. Shaded intervals around mean model traces (solid lines) represent 95% prediction intervals in
all plots, while shaded grey regions represent time periods when schools were not fully open (either due to
closures or school holidays). The model is also fitted to (c) the distribution of peak number of confirmed
COVID-19 absences in secondary schools from 1st September 2020 to 18th December 2020, and (d) the
distribution of peak number of confirmed COVID-19 absences in secondary schools from 8th March 2021
to 23rd May 2021. Filled circles denote the data and shaded blocks the 95% prediction interval estimated
from the model. The model provides a reasonable fit to both distributions, though it overestimates the
proportion of schools with a low peak number of confirmed cases in (d). The plots above show the mean
values obtained from 100 simulations of 2979 secondary schools, each with a distinct parameter set sample
from the posterior distribution.
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Supplementary Figure 20: Incidence and Rschool from the fitted model under different within-
school mixing assumptions. For the model fitted under the alternative within-school mixing assumptions
α1 = 1, α2 = 0.1, we display time-series of (a) total incidence among pupils (blue) alongside incidence
occurring through external (non-school) infections (red), and (b) Rschool through time (thin line) alongside
its seven-day moving average (thick line). The plots above were obtained from 100 simulations of 2979
secondary schools, each with a distinct parameter set sample from the posterior distribution. In all panels,
solid lines correspond to mean temporal profiles, shaded ribbons represent 95% prediction intervals in all
plots, while shaded grey regions represent time periods when schools were not fully reopen (either due to
closures or school holidays).
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Supplementary Figure 21: Quantifying the impact of LFTs on transmission and absences, and the
potential impact of alternative strategies, under different within-school mixing assumptions.
Time-series under different intervention strategies for the model fitted under the alternative within-school
mixing assumptions α1 = 1, α2 = 0.1 of (a) incidence among pupils, (b) Rschool within secondary schools,
and (c) the percentage of pupils absent. We compare a policy of twice weekly mass testing and isolating
close contacts (purple) to a strategy of isolating close contacts only (blue), twice weekly mass testing only
(red), and twice weekly mass testing alongside serial contact testing (green). The plots above show the mean
values obtained from 100 simulations of 2979 secondary schools, each with a distinct parameter set sample
from the posterior distribution. In all panels, solid lines correspond to the mean estimate, shaded intervals
represent 95% prediction intervals, while shaded grey regions represent time periods when schools were not
fully reopen (either due to closures or school holidays). The data in panel (c) consists of the number of
absences due to a confirmed case or a suspected case of COVID-19, and absences arising as a result of
students told to isolate due to potential contact with a case of COVID-19 from inside their educational
setting. This is taken from the 2979 secondary schools that recorded this data.
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