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Abstract

Background

Schools have been closed in England since the 4th of January 2021 as part of the national
restrictions to curb transmission of SARS-CoV-2. The UK Government plans to reopen
schools on the 8th of March. Although there is evidence of lower individual-level
transmission risk amongst children compared to adults, the combined effects of this with

increased contact rates in school settings are not clear.

Methods

We measured social contacts when schools were both open or closed, amongst other
restrictions. We combined these data with estimates of the susceptibility and infectiousness
of children compared with adults to estimate the impact of reopening schools on the

reproduction number.

Results
Our results suggest that reopening all schools could increase R from an assumed baseline
of 0.8 to between 1.0 and 1.5, or to between 0.9 and 1.2 reopening primary or secondary

schools alone.

Conclusion

Our results suggest that reopening schools is likely to halt the fall in cases observed in
recent months and risks returning to rising infections, but these estimates rely heavily on the
current estimates or reproduction number and the current validity of the susceptibility and

infectiousness profiles we use.

Keywords: School closure, SARS-CoV-2, COVID-19, Social Contacts, Reproduction
Number, CoMix
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Introduction

School closures have been implemented in many countries as part of a broader response to
the COVID-19 pandemic [1]. It is well established that children are at low risk of
hospitalisation and death as a direct result of infection [2, 3]. Despite this lower risk, there is
concern that allowing transmission amongst younger age-groups increases risk of infection
in adults, who are at substantially higher risk. The role of schools in transmission is
therefore an important question. On the 4th of January 2021, a third national lockdown was
announced in England to curb transmission of SARS-CoV-2 [4]. This included the closure of

schools, a measure the UK government plans to reverse on the 8th of March.

The direct and indirect impact of school closures and eventual reopening is still unclear.
There is mixed evidence around the role of schools in community transmission. Existing
studies of transmission within schools have wide ranging results [5—7]. Other work
demonstrates an increased prevalence amongst school-aged-children when schools return
[8, 9] and a higher risk of infections entering households through children than adults.
However, the evidence that schools drive transmission in the community remains scarce [10,
11]. A particular challenge for many analyses is bias resulting from the age-dependence in
case ascertainment due to varying rates of asymptomatic infection [12]. This challenge is
then further complicated by changes in epidemiology due to the emergence of new variants

[13].

The potential change in transmission of SARS-CoV-2 upon reopening schools predominantly
depends on a combination of two factors. Firstly, the age-specific risk of transmission upon
contact. Secondly, the likely increased rate of contact between members of the population
due to school reopening. Multiple studies aimed at understanding the relative transmission
risk associated with children indicate lower susceptibility [14—16] and some indicate lower
infectiousness [14]. However, evidence of lower transmission risk amongst children alone is

insufficient to quantify the impact of reopening schools. There is a need to combine the
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estimates of reduced susceptibility and infectiousness with age specific contact patterns in

this age-group social contacts amongst school-aged-children.

There is abundant evidence that children’s contacts increase when schools are open,
presenting opportunities for increased infectious disease transmission which is well
documented in other pathogens such as influenza [17]. Nonetheless, it is important to
capture how these contacts vary under the specific conditions presented during the current
pandemic response, where social distancing and other mitigations are in effect within

schools.

CoMix is a large-scale comprehensive social contact survey which has collected data on
social contacts in the UK on a weekly basis since the 24th of March 2020 [18]. In this paper,
we estimate the impact of opening schools on the reproduction number in England, by
combining social-contact data collected during periods where schools were open and closed

[18] with estimates of age-stratified susceptibility and infectiousness [14—16].
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76 Methods
77 CoMix Data

/8 CoMix is a longitudinal behavioural survey, launched on the 24" of March 2020. The sample
79 is broadly representative of the UK adult population with data collected from approximately
80 2000 individuals per week. Participants are invited to respond to the survey once every two
81 weeks. We collected weekly data by running two alternating panels. Parents complete the
82 survey on behalf of children (17 years old or younger). Participants record direct,

83 face-to-face contacts made on the previous day, specifying certain characteristics for each
84 contact including the age and sex of the contact, whether contact was physical (skin-to-skin
85 contact), and where the contact occurred (e.g. at home, work, while undertaking leisure

86 activities, etc). Further details have been published elsewhere [18]. The contact survey is
87 based on an approach developed for the POLYMOD contact survey [19]. We provide a brief
88 descriptive analysis of the contacts recorded during the November and January lockdown

89 periods by age group and geographical region.
90 Constructing contact matrices and estimating reproduction number

91 We constructed age-stratified contact matrices for nine age-groups (0-4, 5-11, 12-17, 18-29,
92 30-39, 40-49, 50-59, 60-69, and 70+). Participants did not report exact ages of contacts, we
93 therefore sampled from the reported age-group with a weighting consistent with contacts

94 reported in the POLYMOD survey. We fitted a truncated negative binomial model to calculate
95 the mean contacts between each participant and contact age-groups. To ensure reciprocity
96 in contacts, we multiplied the matrix by population size vector for England, using United

97 Nations World Population Prospects data [20], before taking the cross-diagonal mean and

98 then dividing by the same population vector again.
99 Profiles of Age-dependent transmission risk

100 We consider five age-dependent susceptibility and infectiousness profiles (Table 1):
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The first profile (i) assumed equal susceptibility and infectiousness in all age groups. This is
unlikely to reflect reality but provides an upper limit as a reference point to compare the other

profiles.

For the second profile (ii) we used results from a mathematical modelling study by Davies et.
al [14]. which estimated relative susceptibility and clinical fraction in 9 age groups. The work
also reports estimates of 50% infectiousness of sub-clinical cases and reports clinical
fraction by age. We used this to calculate infectiousness per age group further detailed in

Table 1.

The third profile (iii), was based on analyses of household transmission patterns from the
Office for National Statistics (ONS) Community Infection Study [15]; 50% susceptibility in

children relative to adults but equal infectiousness.

For the fourth profile (iv), we performed a meta-analysis of prevalence studies included in a
systematic review by Viner et al [16]. We used a random effects model based on the data
from Figure 4 of their paper. This resulted in 64% (51% - 81%, 95% confidence interval [CI])
susceptibility in children relative to adults, we assumed equal infectiousness between

children and adults [16];

For the fifth profile (v), we used an independent estimate of relative susceptibility in children
(31%, see results section), quantified by comparing reproduction numbers estimated from
CoMix data and using a well-established time-series method developed by Abbott et. al [21],
which uses a time-series of cases to determine the instantaneous reproduction number

under an assumed generation interval and infection to reporting delay distribution.
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122 Table 1 Susceptibility and infectiousness profiles taken from Davies et.al.[14], ONS reports
123 and Viner et al[16]

Study Age groups Susceptibility Infectiousness Clinical Fraction
Davies et al' 0-4 0.4 (0.25, 0.57) 0.61 0.29 (0.18, 0.44)
5-10 0.4 (0.25, 0.57) 0.61 0.29 (0.18, 0.44)
11-17 0.4 (0.27, 0.53) 0.61 0.21(0.12, 0.31)
18-29 0.79 (0.59,0.96) 0.64 0.27 (0.18, 0.38)
30-39 0.86 (0.69,0.98) 0.67 0.33 (0.24, 0.43)
40-49 0.80 (0.61,0.96) 0.70 0.40 (0.28, 0.52)
50-59 0.82(0.63,0.97) 0.75 0.49 (0.37, 0.60)
60-69 0.88(0.70,0.99) 0.82 0.63 (0.49, 0.76)
70+ 0.74 (0.56, 0.90) 0.85 0.69 (0.57, 0.82)
Susceptibility Infectiousness
ONS? 0-4 0.5 (0.35, 0.75) 1.0 (0.7, 1.5)
5-10 0.5 (0.35, 0.75) 1.0 (0.7, 1.5)
11-17 0.5 (0.35, 0.75) 1.0 (0.7, 1.5)
18-29 1.0 1.0
30-39 1.0 1.0
40-49 1.0 1.0
50-59 1.0 1.0
60-69 1.0 1.0
70+ 1.0 1.0
Susceptibility Infectiousness
Viner et al® 0-4 0.64 (0.51,0.81) 1.0 (assumed)
5-10 0.64 (0.51,0.81) 1.0 (assumed)
11-17 0.64 (0.51,0.81) 1.0 (assumed)
18-29 1.0 1.0
30-39 1.0 1.0
40-49 1.0 1.0
50-59 1.0 1.0
60-69 1.0 1.0
70+ 1.0 1.0
Susceptibility Infectiousness
CoMuix fit 0-4 0.31(0.30,0.31) 1.0
5-10 0.31(0.30,0.31) 1.0
11-17 0.31(0.30,0.31) 1.0
18-29 1.0 1.0
30-39 1.0 1.0
40-49 1.0 1.0
50-59 1.0 1.0
60-69 1.0 1.0
70+ 1.0 1.0

1 95% Credible Intervals

i Approximate results inferred from plot in[15] unknown quantification of
uncertainty

i 95% Confidence Interval
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124 Inferring age dependent transmission risk using CoMix data

125 We established independent estimates of susceptibility and infectiousness in children
126 relative to adults. We did this by comparing estimates of R using CoMix contact data with
127 estimates of the time-varying reproduction number in England calculated using case data

128 [21]. To capture the change in contact rates as schools returned in September 2020

129 We calculated a reproduction number resulting from two-weekly rolling contact matrices C,

130 and assumed relative susceptibility and infectiousness vectors s and i to be:
R=r Fig(Cio(i®s)) (1)

131 We simplified s and i such that adult age-groups (18+) were 1.0 and child age groups were
132 equal, s and i. We inferred s and r, keeping i at 1.0, by fitting our estimates using maximum
133 likelihood estimation to those calculated using the EpiNow2 package [21]. We assumed

134 gamma distributed uncertainty in the time-varying estimates which we parameterised using
135 the mean p . and standard deviation o, of these estimates over each survey period used to

136 calculate CoMix derived eigenvalues.

R ~ Gamma(pg,, OR,) (2)

137 To show the likelihood surface of relative susceptibility and infectiousness, we calculated the

138 likelihood of a range of combinations of i and s while fitting r.

139 We fitted over 2 periods of time. Firstly, between 27th July and 10th October to most clearly
140 capture the impact of schools returning in the summer whilst minimising issues related to
141 gradual acquisition of natural immunity. Second, We fitted over a longer period of time

142 incorporating data from 10th June.

143 We omitted data at the end of August in both fits due to a short spike in reproduction number
144 estimates, which we believe resulted from large numbers of imported cases from

145 recreational travel. We further omitted two weeks in July when contacts were not recorded
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146 for children. We assessed sensitivity to the fitted period, by using a range of fitting options

147 (Figure S4).
148 Evaluating the impact of reopening schools on Reproduction Number

149 We created contact matrices using CoMix data collected during the second lockdown, (5th
150 November to 2nd December 2020) to represent contacts during a lockdown with schools
157 open. We used data from 5th to 18th of January 2021 for contacts during a lockdown with
152 schools closed (Supplementary Figures, Figure S1). We constructed further synthetic

153 contact matrices representing opening primary or secondary schools by replacing the

154 contacts of 5-10 year-olds (primary) and 11-17 year-olds (secondary) in the ‘schools open’
155 contact matrix (second lockdown), with those from the ‘schools closed’ contact matrix (third

156 lockdown) (Supplementary Figures, Figure S2).

157 Since the basic reproduction number scales linearly with the dominant eigenvalue of a matrix
158 of effective contact [22], the ratio of the eigenvalues of two effective contact matrices

159 provides a relative change in reproduction number between the three scenarios considered.

160 In the case where infectiousness and susceptibility are equal in all age groups, the effective
1671 contact matrix is proportional to the contact matrix itself. Under the scenarios where we

162 assumed infectiousness and susceptibility vary with age, we converted measured contact
163 matrices to effective contact matrices by taking the outer product of the estimated age

164 stratified infectiousness profile and susceptibility profile vectors and calculating the

165 eigenvalues of the Hadamard product of the resulting matrix and the contact matrices.

166 To demonstrate the potential impact of reopening schools, we estimated the relative increase
167 (k) in reproduction number (R) by calculating the ratio of dominant eigenvalues of the
168 effective contact matrix associated with the respective reopening scenario and from the

169 current lockdown period.

— Eig(CScenarioo(i®S))
k= TEig(Crrso(®®) (3)
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170 We also calculated how R varies from baseline values between 0.7 and 1.0, from official UK

171 estimates of the reproduction number from [23].

10
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172 Results

173 Descriptive analysis

174 Adults’ contacts were similar when comparing both periods of national lockdown, this is

175 consistent across all settings and regions. Although children’s contacts at home were similar
176 between the two periods, contacts at school and other locations were consistently higher in
177 lockdown 2 than lockdown 3. Contacts were very similar between lockdowns in all age-group
178 combinations other than those between children (Figure 1). For participants under 18

179 years-old, the mean number of contacts that were also under 18 years-old was between 6.3
180 (3.9-9.0,90% Cl) and 16.7 (13.1 - 20.4, 90% CI) across the regions of England during the
181 November Lockdown. Such contacts were highest in South East, South West and Yorkshire
182 and Humber and lowest in London. The mean number of contacts between children reduced

183 to between 1.8 (1.3 - 2.5, 90% Cl) and 2.6 (1.9 - 3.3, 90% CI) during the January Lockdown.

184 Estimating susceptibility in children relative to adults using CoMix data.

185 Fitting the R estimates from CoMix data to time-varying R estimates over a period from 27th
186 July to 10th October we estimated susceptibility of 44% (43.5% - 0.45.4%, 95% Cl) in

187 children relative to adults (Figure 2, A & C), consistent with profiles ii and iii. When we fitted
188 from the 10th June to 10th October, 2020, we estimated 31% (29.8% - 31.4%, 95% CI)

189 relative susceptibility in children compared to adults (Figure 2, B & D), near the lower range
190 of ONS and Davies et al estimates. We chose to apply the second estimate as the fifth

191 susceptibility profile (v) to represent this lower bound (Table 1) and present fits to other date

192 ranges in the supplementary material (Supplementary Figures, Figure S4).

193 Evaluation of the impact of reopening schools

194 Incorporating estimates of differential susceptibility and infectiousness of children compared
195 with adults (profiles ii - v), full school reopening increased R by a factor of between 1.3 and

196 1.9 times the baseline value across the four profiles used (including 90% CI range) (Figure

11
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3, Table 2). This would result in an increase of R from 0.8 to above 1.0 for these four profiles.

Partial school reopening resulted in smaller increases in R from 0.8 to between 0.9 and 1.2.

Table 2 Expected resultant R if schools were reopened for different baseline values of R

reported as median (90% CI)

Susceptibility/
Infectiousness

1. Equal

2. Davies et al

3. ONS

4. Viner et al

5. CoMix fit

Attendance

Both
Primary
Secondary
Both
Primary
Secondary
Both
Primary
Secondary
Both
Primary
Secondary
Both
Primary

Secondary

0.7

1.6 (1.5-1.6)
11(1.0-1.1)
11(1.0-1.2)
11(1.0-1.1)
0.9 (0.8 - 0.9)
0.9 (0.8 - 0.9)
11(1.1-1.2)
0.9 (0.8 - 0.9)
0.9(0.9-1.0)
1.
0.9 (0.9 - 1.0)
0.9-1.0)
0.9-1.0)
0.8-0.9)

(
(
(
(
(
(1.2-1.3)
(
(
(
(
(0.8-0.9)

9
3
9
1.0
9
8
8

0
0.
0

Baseline R

0.8

1.8(1.7-1.9)
12(1.2-1.3)
1.3(1.2-1.3)
12(1.1-1.3)
1.0 (0.9- 1.0)
1.0(1.0-1.1)
1.3(1.2-1.3)
1.0(1.0-1.1)
1.0(1.0-1.1)
1.4 (1.4-1.5)
11(1.0-1.1)
11(1.1-1.2)
1.1(1.0-1.1)
0.9 (0.9 - 1.0)
1.0 (0.9-1.0)

0.9

2.0 (1.9-2.1)
1.4 (1.3-1.5)
1.4 (1.3-1.5)
1.4 (1.3-1.4)
11(1.1-1.2)
11(1.1-1.2)
1.4 (1.4-1.5)
11(1.1-1.2)
12(1.1-1.2)
16(15-1.7)
12(1.1-1.3)
12(1.2-1.3)
12(1.2-1.3)
11(1.0-1.1)
11(1.0-1.1)

1.0
(Scale factor)

2.2(2.1-23)
1.5 (1.4 -1.6)
1.6(1.5-1.7)
15(1.4-1.6)
12(1.2-1.3)
13(1.2-1.3)
1.6(1.5-1.7)
13(1.2-1.3)
1.3(1.3-1.4)
1.8(1.7-1.9)
13(1.3-1.4)
1.4 (1.3-1.4)
1.4 (1.3-1.4)
12(1.1-1.2)
12(1.2-1.3)

When we assumed equal infectiousness and susceptibility between all age groups (profile i),

reopening schools resulted in more substantial relative changes in R. Full school reopening

increased R by a factor of between 2.1 and 2.3 (Figure 3, Table 2), resulting in an increase

of R to roughly 1.7-1.9 from a baseline of 0.8 (Table 2). Partial re-opening increased R from

0.8 to 1.2-1.3 (Figure 3). We included these estimates for completeness but stress that

assuming that children are equally infectious and susceptible as adults is not compatible

with results from previous studies or our own estimates (Figure 2).
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Discussion

The potential impact of reopening schools on transmission of SARS-CoV-2 is uncertain.
Although there have been many attempts to quantify the relative susceptibility and
infectiousness of children and adults, these estimates need to be assessed alongside rates
of contact to give an indication of the overall risk of transmission in any given setting. We
combined social contact data from a large-scale survey in England during two periods of
national lockdown, one with schools open and the other with schools closed, with estimates
of relative susceptibility of children and adults. We used these data to quantify the potential

impact of reopening schools on reproduction number.

Whereas adults’ contacts were generally similar between the two periods of lockdown, there
was markedly higher contact between children during the November lockdown, when
schools were open. We observed the change in contacts at school but also in other contacts
outside of the home. Increased contact outside of school and home settings includes
contacts in wrap around care, which would be expected to rise, however it could also

indicate reduced overall adherence amongst children when attending schools physically.

The differences in contacts suggest that reopening all schools is highly likely to increase R
above 1.0, from an assumed current value 0.8. Reopening primary or secondary is likely to
increase R above 1.0. This would be expected to stop or reverse the fall in cases that has
been observed since January 2021 [24]. The risk of cases increasing following the reopening
of schools is highly dependent on the current value of R. Although cases of the current
dominant variant (B.1.1.7) appeared to be increasing whilst national lockdown was still in
place in November [10, 13], the latest national serology surveys suggest that immunity levels
have substantially increased across the UK [24], resultant from both infections and the
national COVID-19 vaccination program. These changes in overall immunity should be
reflected in the current estimates of R, but these estimates are lagged due to delays in

reporting [25].
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In November, when schools were open, there was substantial variation in contacts between
children by region. We have not presented regional estimates of the impact of reopening
schools on R due to low numbers of observations between the lower-level age-group
aggregation used in the construction of contact matrices, however the variation in mean
contacts points to potential geographical variation in the impact of reopening schools, which

may be lower in London than other parts of the country.

There are a number of important limitations to this work: Contacts in different settings likely
contribute differently to transmission, but we assumed all contacts make equal contributions
to transmission, as these differences are not well quantified in the context of control
measures. If contacts at school are lower risk than those outside of school the impact of
reopening schools would be lower. The age-stratified susceptibility profile is likely to change
over time as natural immunity is acquired in the population. The profiles we used each reflect
a single point in time. Changes in the relative immunity in children would alter the relative
impact of school contacts on overall transmission. We assume adult contacts revert to those
observed when all schools were open, which is conservative, in reality, particularly for partial
reopening scenarios, adult contacts may not fully return to the same levels. Furthermore,
there may also be differences in adherence to restrictions between the two lockdowns,
unrelated to school closure. However, the change in adults’ contacts between the two
periods was relatively small. The proportion of children in school varied over time due to
exclusion-based control measures during the autumn, though the proportion attending
school remained high during the November lockdown (Supplementary Figures, Figure S3).
Contacts of children are reported by parents, which may impact their reliability, particularly in
school, where parents are unlikely to witness students’ behaviour, it is unclear whether this

would lead to systematic bias in reporting either more or fewer contacts.

Our work evaluates the impact of reopening schools on the reproduction number in England,
which gives an indication of how transmission may be affected. However, there are other

factors that reopening schools may introduce, such as the potential for children’s contact at
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school to provide routes of transmission between households, facilitating long chains of
transmission that would be otherwise impossible[26]. We are not able to capture these
network effects in this analysis, however they may play an important role in the change in
epidemiology between school closure and reopening. Second, there is evidence for lower
prevalence in primary school than secondary schools [8]. Our framework has not captured
these differences suggesting there may be additional factors that reduce the impact of
reopening primary schools relative to secondary schools. Furthermore, additional
management strategies such as mass testing of school children, may serve to reduce the
risk that a contact in a school results in infection beyond those implemented last year.
Importantly, with the recent emergence of new variants, particularly B.1.1.7 [27], the baseline
R will depend on proportions of these variants as well as contact patterns. Furthermore,
these proportions are likely to change, potentially altering the implications of reopening

schools.

Our results suggest reopening schools is likely to increase R close to or above 1.0, which
would stop the decrease in cases observed in recent months. However, precise estimates
rely heavily on the baseline values of R and the profiles of susceptibility, generally assuming

lower susceptibility and no greater infectiousness in children relative to adults.
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366 Figure Captions

367 Figure 1. Contacts in the national lockdown periods in November (Lockdown 2) and
368 January (Lockdown 3). A) the distribution of the number of reported contacts in Home,
369 Work, School and Other locations for Adult (> 17 years old) and Child (<= 17 years old)
370 participants. B) Mean contacts reported between Children and Adults in each region of

371 England. Error bars show the 90% ClI (bootstrapped, 1000 samples).

372 Figure 2: R estimates using CoMix data fit to time-varying reproduction number

373 estimates based on the time series of cases [21]. Transformed likelihood for different
374 combinations of relative susceptibility and infectiousness based on data from A) August to
375 October and B) June to October and the corresponding R estimates in C) and D)

376 respectively. 90% CI of the estimates are shown by Grey rectangles for CoMix and the red
377 ribbon for the time-varying reproduction number estimates from case data, red bars show

378 their mean for the CoMix survey periods. Grey shaded areas indicate fitted periods.

379 Figure 3: The impact of reopening schools on the reproduction number. A) the relative
380 increase in R (the ratio of dominant eigenvalues between contact matrices for each

381 reopening scenario and that for current contact patterns) under different estimates of the age
382 profile of susceptibility and infectiousness. B) The estimated R after reopening schools

383 (points, 90% ClI bars) from baseline R of 0.7, 0.8, 0.9 and 1.0 (vertical line). Dashed vertical

384 lines show R = 1.0.

20


https://paperpile.com/c/GfXrTl/1EGr
https://doi.org/10.1101/2021.03.06.21252964
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2021.03.06.21252964; this version posted March 8, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

385 References

386 1. PHSM. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/phsm.
387 Accessed 4 Mar 2021.

388 2. O'Driscoll M, Ribeiro Dos Santos G, Wang L, Cummings DAT, Azman AS, Paireau J, et al.
389 Age-specific mortality and immunity patterns of SARS-CoV-2. Nature. 2021;590:140-5.

390 3. Poletti P, Tirani M, Cereda D, Trentini F, Guzzetta G, Marziano V, et al. Age-specific
391 SARS-CoV-2 infection fatality ratio and associated risk factors, Italy, February to April 2020.
392 Euro Surveill. 2020;25. doi:10.2807/1560-7917.ES.2020.25.31.2001383.

393 4. Prime Minister’s Office, Street 10 Downing. Prime Minister announces national lockdown.
394 GOV.UK. 2021.

395 https://lwww.gov.uk/government/news/prime-minister-announces-national-lockdown.

396 Accessed 22 Jan 2021.

397 5. Ismail SA, Saliba V, Lopez Bernal J, Ramsay ME, Ladhani SN. SARS-CoV-2 infection and
398 transmission in educational settings: a prospective, cross-sectional analysis of infection
399 clusters and outbreaks in England. Lancet Infect Dis. 2021;21:344-53.

400 6. Fontanet A, Grant R, Tondeur L, Madec Y, Grzelak L, Cailleau I, et al. SARS-CoV-2
407 infection in primary schools in northern France: A retrospective cohort study in an area of
402 high transmission. doi:10.1101/2020.06.25.20140178.

403 7. Stein-Zamir C, Abramson N, Shoob H, Libal E, Bitan M, Cardash T, et al. A large
404 COVID-19 outbreak in a high school 10 days after schools’ reopening, Israel, May 2020.
405 Eurosurveillance. 2020;25. doi:10.2807/1560-7917.es.2020.25.29.2001352.

406 8. Office for National Statistics. Coronavirus (COVID-19) Infection Survey, UK. Office for
407 National Statistics; 2020.
408 https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddi

409 seases/bulletins/coronaviruscovid19infectionsurveypilot/13november2020. Accessed 4 Mar
410 2021.

411 9. Riley S, Ainslie KEC, Eales O, Walters CE, Wang H, Atchison C, et al. High prevalence of
412 SARS-CoV-2 swab positivity and increasing R number in England during October 2020:
413 REACT-1 round 6 interim report. medRxiv. 2020;:2020.10.30.20223123.

414 10. Mensah AA, Sinnathamby M, Zaidi A, Coughlan L, Simmons R, Ismail SA, et al.

415 SARS-CoV-2 infections in children following the full re-opening of schools and the impact of
416 national lockdown: prospective, national observational cohort surveillance, July-December
417 2020, England. J Infect. 2021. doi:10.1016/j.jinf.2021.02.022.

418 11. Southall E, Holmes A, Hill EM, Atkins BD, Leng T, Thompson RN, et al. An analysis of
419 school absences in England during the Covid-19 pandemic. bioRxiv. 2021.
420 doi:10.1101/2021.02.10.21251484.

4271 12. Flasche S, Edmunds WJ. The role of schools and school-aged children in SARS-CoV-2
422 transmission. The Lancet infectious diseases. 2021;21:298-9.

423 13. Davies NG, Abbott S, Barnard RC, Jarvis Cl, Kucharski AJ, Munday JD, et al. Estimated
424 transmissibility and impact of SARS-CoV-2 lineage B.1.1.7 in England. Science. 2021.
425 doi:10.1126/science.abg3055.

426 14. Davies NG, Klepac P, Liu Y, Prem K, Jit M, CMMID COVID-19 working group, et al.
21


http://paperpile.com/b/GfXrTl/Czb4
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/phsm.
http://paperpile.com/b/GfXrTl/Czb4
http://paperpile.com/b/GfXrTl/Czb4
http://paperpile.com/b/GfXrTl/qXOh
http://paperpile.com/b/GfXrTl/qXOh
http://paperpile.com/b/GfXrTl/TpES
http://paperpile.com/b/GfXrTl/TpES
http://paperpile.com/b/GfXrTl/TpES
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.31.2001383
http://paperpile.com/b/GfXrTl/TpES
http://paperpile.com/b/GfXrTl/31BzS
http://paperpile.com/b/GfXrTl/31BzS
https://www.gov.uk/government/news/prime-minister-announces-national-lockdown.
http://paperpile.com/b/GfXrTl/31BzS
http://paperpile.com/b/GfXrTl/31BzS
http://paperpile.com/b/GfXrTl/apmB
http://paperpile.com/b/GfXrTl/apmB
http://paperpile.com/b/GfXrTl/apmB
http://paperpile.com/b/GfXrTl/531I
http://paperpile.com/b/GfXrTl/531I
http://paperpile.com/b/GfXrTl/531I
http://dx.doi.org/10.1101/2020.06.25.20140178
http://paperpile.com/b/GfXrTl/531I
http://paperpile.com/b/GfXrTl/bPoz
http://paperpile.com/b/GfXrTl/bPoz
http://paperpile.com/b/GfXrTl/bPoz
http://dx.doi.org/10.2807/1560-7917.es.2020.25.29.2001352
http://paperpile.com/b/GfXrTl/bPoz
http://paperpile.com/b/GfXrTl/HKy1
http://paperpile.com/b/GfXrTl/HKy1
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/13november2020.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/13november2020.
http://paperpile.com/b/GfXrTl/HKy1
http://paperpile.com/b/GfXrTl/HKy1
http://paperpile.com/b/GfXrTl/MIUU
http://paperpile.com/b/GfXrTl/MIUU
http://paperpile.com/b/GfXrTl/MIUU
http://paperpile.com/b/GfXrTl/BNJA
http://paperpile.com/b/GfXrTl/BNJA
http://paperpile.com/b/GfXrTl/BNJA
http://paperpile.com/b/GfXrTl/BNJA
http://dx.doi.org/10.1016/j.jinf.2021.02.022
http://paperpile.com/b/GfXrTl/BNJA
http://paperpile.com/b/GfXrTl/SG57
http://paperpile.com/b/GfXrTl/SG57
http://paperpile.com/b/GfXrTl/SG57
http://dx.doi.org/10.1101/2021.02.10.21251484
http://paperpile.com/b/GfXrTl/SG57
http://paperpile.com/b/GfXrTl/HXqt
http://paperpile.com/b/GfXrTl/HXqt
http://paperpile.com/b/GfXrTl/lX3f
http://paperpile.com/b/GfXrTl/lX3f
http://paperpile.com/b/GfXrTl/lX3f
http://dx.doi.org/10.1126/science.abg3055
http://paperpile.com/b/GfXrTl/lX3f
http://paperpile.com/b/GfXrTl/Fsfnf
https://doi.org/10.1101/2021.03.06.21252964
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2021.03.06.21252964; this version posted March 8, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

427
428

429
430
431
432

433
434
435
436

437
438

439
440
441

442
443

444
445

446
447
448

449
450
451

452
453

454
455
456
457
458

459
460
461

462
463
464
465

466
467
468
469

It is made available under a CC-BY 4.0 International license .

Age-dependent effects in the transmission and control of COVID-19 epidemics. Nat Med.
2020;26:1205-11.

15. Scientific Advisory Group for Emergencies. TFC: Children and transmission, 4 November
2020. 2020.
https://www.gov.uk/government/publications/tfc-children-and-transmission-4-november-2020.
Accessed 22 Jan 2021.

16. Viner RM, Mytton OT, Bonell C, Melendez-Torres GJ, Ward J, Hudson L, et al.
Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents Compared With
Adults: A Systematic Review and Meta-analysis. JAMA Pediatr. 2020.
doi:10.1001/jamapediatrics.2020.4573.

17. Eames KTD, Tilston NL, Edmunds WJ. The impact of school holidays on the social
mixing patterns of school children. Epidemics. 2011;3:103-8.

18. Jarvis Cl, Van Zandvoort K, Gimma A, Prem K, CMMID COVID-19 working group,
Klepac P, et al. Quantifying the impact of physical distance measures on the transmission of
COVID-19 in the UK. BMC Med. 2020;18:124.

19. Mossong J, Hens N, Jit M, Beutels P, Auranen K, Mikolajczyk R, et al. Social contacts
and mixing patterns relevant to the spread of infectious diseases. PLoS Med. 2008;5:e74.

20. World Population Prospects - Population Division - United Nations.
https://population.un.org/wpp/. Accessed 6 Mar 2021.

21. Abbott S, Hellewell J, Thompson RN, Sherratt K, Gibbs HP, Bosse NI, et al. Estimating
the time-varying reproduction number of SARS-CoV-2 using national and subnational case
counts. Wellcome Open Res. 2020;5:112.

22. Wallinga J, Teunis P, Kretzschmar M. Using data on social contacts to estimate
age-specific transmission parameters for respiratory-spread infectious agents. Am J
Epidemiol. 2006;164:936—44.

23. The R value and growth rate in the UK.
https://www.gov.uk/guidance/the-r-number-in-the-uk. Accessed 10 Feb 2021.

24. Office for National Statistics. Coronavirus (COVID-19) Infection Survey, UK. Office for
National Statistics; 2021.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddi
seases/bulletins/coronaviruscovid19infectionsurveypilot/12february2021. Accessed 4 Mar
2021.

25. Gostic KM, McGough L, Baskerville EB, Abbott S, Joshi K, Tedijanto C, et al. Practical
considerations for measuring the effective reproductive number, Rt. PLoS Comput Biol.
2020;16:e1008409.

26. Munday JD, Sherratt K, Meakin S, Endo A, Pearson CAB, Hellewell J, et al. Implications
of the school-household network structure on SARS-CoV-2 transmission under different

school reopening strategies in England. medRxiv. 2020.
https://www.medrxiv.org/content/10.1101/2020.08.21.20167965v1.

27. Public Health England. Investigation of novel SARS-CoV-2 variant: Variant of Concern
202012/01. 2020.
https://www.gov.uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant
-of-concern-20201201. Accessed 26 Jan 2021

22


http://paperpile.com/b/GfXrTl/Fsfnf
http://paperpile.com/b/GfXrTl/Fsfnf
http://paperpile.com/b/GfXrTl/GiRqU
http://paperpile.com/b/GfXrTl/GiRqU
https://www.gov.uk/government/publications/tfc-children-and-transmission-4-november-2020.
http://paperpile.com/b/GfXrTl/GiRqU
http://paperpile.com/b/GfXrTl/GiRqU
http://paperpile.com/b/GfXrTl/clone
http://paperpile.com/b/GfXrTl/clone
http://paperpile.com/b/GfXrTl/clone
http://paperpile.com/b/GfXrTl/clone
http://dx.doi.org/10.1001/jamapediatrics.2020.4573
http://paperpile.com/b/GfXrTl/clone
http://paperpile.com/b/GfXrTl/FWq5O
http://paperpile.com/b/GfXrTl/FWq5O
http://paperpile.com/b/GfXrTl/9quGL
http://paperpile.com/b/GfXrTl/9quGL
http://paperpile.com/b/GfXrTl/9quGL
http://paperpile.com/b/GfXrTl/3IWCl
http://paperpile.com/b/GfXrTl/3IWCl
http://paperpile.com/b/GfXrTl/1VN3
https://population.un.org/wpp/
http://paperpile.com/b/GfXrTl/1VN3
http://paperpile.com/b/GfXrTl/1EGr
http://paperpile.com/b/GfXrTl/1EGr
http://paperpile.com/b/GfXrTl/1EGr
http://paperpile.com/b/GfXrTl/O9LxC
http://paperpile.com/b/GfXrTl/O9LxC
http://paperpile.com/b/GfXrTl/O9LxC
http://paperpile.com/b/GfXrTl/zgMD
https://www.gov.uk/guidance/the-r-number-in-the-uk.
http://paperpile.com/b/GfXrTl/zgMD
http://paperpile.com/b/GfXrTl/6tgU
http://paperpile.com/b/GfXrTl/6tgU
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/12february2021.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/12february2021.
http://paperpile.com/b/GfXrTl/6tgU
http://paperpile.com/b/GfXrTl/6tgU
http://paperpile.com/b/GfXrTl/VgdZ
http://paperpile.com/b/GfXrTl/VgdZ
http://paperpile.com/b/GfXrTl/VgdZ
http://paperpile.com/b/GfXrTl/zTQnW
http://paperpile.com/b/GfXrTl/zTQnW
http://paperpile.com/b/GfXrTl/zTQnW
https://www.medrxiv.org/content/10.1101/2020.08.21.20167965v1
http://paperpile.com/b/GfXrTl/zTQnW
http://paperpile.com/b/GfXrTl/hPN7J
http://paperpile.com/b/GfXrTl/hPN7J
https://www.gov.uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant-of-concern-20201201.
https://www.gov.uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant-of-concern-20201201.
http://paperpile.com/b/GfXrTl/hPN7J
https://doi.org/10.1101/2021.03.06.21252964
http://creativecommons.org/licenses/by/4.0/

Home Work School Other
1000 - >
o
=
—
100 - =
Q
=,
n 10 - 0.
= ©
= s
o 1 ] —t
O
= 1000 - O
— medRxiv preprint'doi: https://doi.org/10.1101/2021.03.06.21252964; this version posted March 8, 2021. The copyright holder for this preprint o
CG (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. —_
D_ It is made available under a CC-BY 4.0 International license . o
100 ] o
Q
=,
10 - Q.
©
5
1 ! T T T T T T T T T T T T T T T T -
o ) ) &)
o o &) o
o o o ) o ) o &)
— o — o — o — o
No. Contacts
Adult Contact Child Contact
20 A 5
c
15 - —
&
O 0,
- ©
o 5 ©
g =
@)
- 201 0
o =3
O 154 o
= @
10 A =,
.
- ©
> 2
T T T T T T T T T T T T T T T T T T -
— —_
3 3
S S
© c © c
w £ 5 @ T w c 5 2 T
2 8¢S 3 3B Y% E o 28T H T B Y E L
c @ g © @ © L © c c @ § © 9 © L ®© <c
T g =2 4 = W = 35 F s § =2 u = W = 35 F
S s g EE €28 =g g e E =€ =28
— w — —
3 - ® © 6 o 8 ® © % - ® © 6 © 3 ©® ©
Lﬁ % O 2 Z 0 o0 %J @ LICS % O Z2 Z 0 » %J <)
w O < w O <
) )
= <<
@) @)
> >
Region

Period Lockdown 2 Lockdown 3


https://doi.org/10.1101/2021.03.06.21252964
http://creativecommons.org/licenses/by/4.0/

Relative Infectiousness

R estimate

R estimate

A
stud 1. Equal 2. Davies etal 3. ONS 4. Viner et al
Uy A = +
0.5 1.0 1.5 2.0

exp(-I11/2000)

1.25 1

meg

=

o

o
1

0.251,
0.25

0.50 0.75 1.00 1.25

Relative Susceptibility

2.0 1

1.6

1.2 1

0.8 -

osted March 8, 2021
d medRxiv a license
ernational license .

B
1. Equal 2. Davies etal 3. ONS 4. Viner et al

Study: A
n +
0.25 0.50 0.75 1.00
L

exp(-I11/2000)

1.25 1

=

o

o
1

0.75 1

Relative Infectiousness

o

a1

o
1

0.251,
0.25

0.50 0.75 1.00 1.25

Relative Susceptibility

0.4 T . .
Sep Oct

2.0

1.6

1.2 1

0.8 1

Nov Dec Jan

date

0.4+ . . .
Jun Jul Aug Sep

Oct Nov Dec Jan

date


https://doi.org/10.1101/2021.03.06.21252964
http://creativecommons.org/licenses/by/4.0/

Study:

1. Equal 2. Davies etal 3. ONS 4. Viner et al 5. CoMix fit

Both

Primary

Secondary

Both -

Secondary A

Primary A

Both -

Secondary

Primary A

Both -

Secondary

Primary -

Both -

Secondary

Primary -

15 2.0
Relative increase in R

Baseline R=0.7

Baseline R=0.8

Baseline R=0.9

Baseline R=1

2.5

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

2.4


https://doi.org/10.1101/2021.03.06.21252964
http://creativecommons.org/licenses/by/4.0/

