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Abstract  21 

We measured social contacts when schools were either open or closed, amongst other 22 

restrictions. We combined these data with estimates of the susceptibility and infectiousness 23 

of children compared with adults to estimate the impact of reopening schools on the 24 

reproduction number. Our results suggest that reopening all schools could increase R from 25 

an assumed baseline of 0.8 to between 1.0 and 1.5, or to between 0.9 and 1.2 reopening 26 

primary or secondary schools alone.  27 
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Lockdowns and school closures  30 

On the 4th of January 2021, a third national lockdown in England was announced to curb 31 

transmission of SARS-CoV-2 (1). This involved the closure of schools, a measure taken 32 

during the first lockdown (March 2020) but not during the previous lockdown in November 33 

2020. Children’s contacts increase when schools are open, presenting opportunities for 34 

increased infectious disease transmission (2). However, the impact of school closure on the 35 

transmission of SARS-CoV-2 is unclear. We combined social-contact data collected 36 

throughout the period by the CoMix survey (3) with estimates of age-stratified susceptibility 37 

and infectiousness (4–6), to estimate the impact of opening schools on the reproduction 38 

number in England.  39 

Age-dependent transmission risk 40 

Susceptibility and infectiousness of children likely differs from adults, due to variation in prior 41 

exposure with SARS-CoV-2 and other factors unrelated to history of infection. We consider 42 

five age-dependent susceptibility and infectiousness profiles (Table S1): i, equal 43 

susceptibility and infectiousness in all age groups; ii, age-stratified susceptibility and 44 

infectiousness as estimated by Davies et al (4); iii, 50% susceptibility in children relative to 45 

adults but equal infectiousness, based on analyses of household transmission patterns from 46 

the Office for National Statistics (ONS) Community Infection Study (5); iv, 64% susceptibility 47 

in children relative to adults, based on a meta-analysis of results presented in a systematic 48 

review of susceptibility from Viner et al and assumed equal infectiousness (6); and v. 31% 49 

susceptibility in children relative to adults, quantified by comparing reproduction numbers 50 

estimated from CoMix data and using case data.  51 

We also established independent estimates of susceptibility and infectiousness in children 52 

relative to adults. We compared estimates of R using CoMix contact data with estimates of 53 

the time-varying reproduction number in England calculated using case data (7) (Figure 1). 54 

To capture the change in contact rates as schools returned in September 2020, we used 55 



 
maximum likelihood to fit relative susceptibility in children, over data from 27th July to 10th 56 

October, while keeping infectiousness equal across age-groups. This resulted in 44% 57 

susceptibility (Figure 1, A & C), consistent with profiles ii and iii. We also fitted from the 10th 58 

June to 10th October, 2020, giving 31% susceptibility (Figure 1, B & D), near the lower range 59 

of ONS and Davies et al estimates. We chose to apply this as the fifth susceptibility profile to 60 

represent this lower bound (Table S1) and present fits to other date ranges in the 61 

supplementary material (Fig. S4). 62 

Evaluation of the impact of reopening schools  63 

To demonstrate the potential impact of reopening schools, we estimated the relative 64 

increase in reproduction number (R) by calculating the ratio of dominant eigenvalues of the 65 

effective contact matrix associated with the respective reopening scenario and from the 66 

current lockdown period. Uncertainty for these ratios was calculated using bootstrap 67 

samples of the contact data (8). We also calculated how R varies from baseline values 68 

between 0.7 and 1.0, from official UK estimates of the reproduction number from  (9).  69 

We created contact matrices using CoMix data collected during the second lockdown, (5th 70 

November to 2nd December 2020) to represent contacts during a lockdown with schools 71 

open. We used data from 5th to 18th of January 2021 for contacts during a lockdown with 72 

schools closed (Figure S1). We constructed further synthetic contact matrices representing 73 

opening primary or secondary schools by replacing the contacts of 5-10 year-olds (primary) 74 

and 11-17 year-olds (secondary) in the ‘schools open’ contact matrix (second lockdown), 75 

with those from the ‘schools closed’ contact matrix (third lockdown) (Figure S2).  76 

Incorporating estimates of differential susceptibility and infectiousness of children compared 77 

with adults (profiles ii - v), full school reopening increased R by a factor of between 1.3 and 78 

1.9 times the baseline value across the four profiles used (including 90% CI range) (Figure 79 

2, Table 1). This would result in an increase of R from 0.8 to above 1.0 for these four 80 



 
profiles. Partial school reopening resulted in smaller increases in R from 0.8 to between 0.9 81 

and 1.2.  82 

Table 1 Expected resultant R if schools were reopened for different baseline values of R 83 
reported as median (95% CI)  84 
  Baseline R 

Susceptibility/  
Infectiousness 

Attendance 0.7 0.8 0.9 1.0  
(Scale factor) 

1. Equal 

Both 1.6 (1.5 - 1.6) 1.8 (1.7 - 1.9) 2.0 (1.9 - 2.1) 2.2 (2.1 - 2.3) 

Primary 1.1 (1.0 - 1.1) 1.2 (1.2 - 1.3) 1.4 (1.3 - 1.5) 1.5 (1.4 - 1.6) 

Secondary 1.1 (1.0 - 1.2) 1.3 (1.2 - 1.3) 1.4 (1.3 - 1.5) 1.6 (1.5 - 1.7) 

2. Davies et al 

Both 1.1 (1.0 - 1.1) 1.2 (1.1 - 1.3) 1.4 (1.3 - 1.4) 1.5 (1.4 - 1.6) 

Primary 0.9 (0.8 - 0.9) 1.0 (0.9 - 1.0) 1.1 (1.1 - 1.2) 1.2 (1.2 - 1.3) 

Secondary 0.9 (0.8 - 0.9) 1.0 (1.0 - 1.1) 1.1 (1.1 - 1.2) 1.3 (1.2 - 1.3) 

3. ONS  

Both 1.1 (1.1 - 1.2) 1.3 (1.2 - 1.3) 1.4 (1.4 - 1.5) 1.6 (1.5 - 1.7) 

Primary 0.9 (0.8 - 0.9) 1.0 (1.0 - 1.1) 1.1 (1.1 - 1.2) 1.3 (1.2 - 1.3) 

Secondary 0.9 (0.9 - 1.0) 1.0 (1.0 - 1.1) 1.2 (1.1 - 1.2) 1.3 (1.3 - 1.4) 

4. Viner et al 

Both 1.3 (1.2 - 1.3) 1.4 (1.4 - 1.5) 1.6 (1.5 - 1.7) 1.8 (1.7 - 1.9) 

Primary 0.9 (0.9 - 1.0) 1.1 (1.0 - 1.1) 1.2 (1.1 - 1.3) 1.3 (1.3 - 1.4) 

Secondary 1.0 (0.9 - 1.0) 1.1 (1.1 - 1.2) 1.2 (1.2 - 1.3) 1.4 (1.3 - 1.4) 

5. CoMix fit 

Both 0.9 (0.9 - 1.0) 1.1 (1.0 - 1.1) 1.2 (1.2 - 1.3) 1.4 (1.3 - 1.4) 

Primary 0.8 (0.8 - 0.9) 0.9 (0.9 - 1.0) 1.1 (1.0 - 1.1) 1.2 (1.1 - 1.2) 

Secondary 0.8 (0.8 - 0.9) 1.0 (0.9 - 1.0) 1.1 (1.0 - 1.1) 1.2 (1.2 - 1.3) 

 85 

Assuming equal infectiousness and susceptibility between all age groups, reopening schools 86 

resulted in more substantial relative changes in R. Full school reopening increased R by a 87 

factor of between 2.1 and 2.3 (Figure 2, Table 1), resulting in an increase of R to roughly 88 

1.7-1.9 from a baseline of 0.8 (Table 1). Partial re-opening increased R from 0.8 to 1.2-1.3 89 

(Figure 1). We included these estimates for completeness but stress that assuming that 90 

children are equally infectious and susceptible as adults is not compatible with results from 91 

previous studies or our own estimates (Figure 1).   92 



 
Strengths and Limitations 93 

This study uses social contact data collected prospectively from a large represented panel of 94 

individuals in the UK during two periods of lockdowns, separated by a period of one month, 95 

that differed solely in whether schools were open or not. That is, it makes use of a natural 96 

experiment. The study does, however, have limitations. Contacts in different settings likely 97 

contribute differently to transmission, but we assumed all contacts make equal contributions 98 

to transmission, as these differences are not well quantified in the context of control 99 

measures. The age-stratified susceptibility profile is likely to change over time as natural 100 

immunity is acquired in the population. The profiles we used each reflect a single point in 101 

time. Changes in the relative immunity in children would alter the results. We assume adult 102 

contacts revert to those observed when all schools were open, which is conservative, in 103 

reality, in partial reopening scenarios, adult contacts may not fully return to the same levels. 104 

Furthermore, there may also be differences in adherence to restrictions between the two 105 

lockdowns, unrelated to school closure. The proportion of children in school varied over time 106 

due to exclusion-based control measures during the autumn, though the proportion attending 107 

school remained high during the November lockdown (Figure S3). Contacts of children are 108 

reported by parents, which may impact their reliability, particularly in school, where parents 109 

are unlikely to witness students’ behaviour.  110 

Further considerations for opening schools 111 

There are other factors that reopening schools may introduce, such as the potential for 112 

children’s contact at school to provide routes of transmission between households, 113 

facilitating long chains of transmission that would be otherwise impossible(10). We are not 114 

able to capture these network effects in this analysis, however they may play an important 115 

role in the change in epidemiology between school closure and reopening.   116 



 
Second, there is evidence for lower prevalence in primary school than secondary schools 117 

(11). Our framework has not captured these differences suggesting there may be additional 118 

factors that reduce the impact of reopening primary schools relative to secondary schools.  119 

Furthermore, additional management strategies such as mass testing of school children, 120 

may serve to reduce the risk that a contact in a school results in infection beyond those 121 

implemented last year.  122 

Finally, with the recent emergence of new variants, particularly B.1.1.7(12), the baseline R 123 

will depend on proportions of these variants as well as contact patterns. Furthermore, these 124 

proportions are likely to change, potentially altering the implications of reopening schools.  125 

Conclusion 126 

Our results suggest reopening schools is likely to increase R close to or above 1.0, which 127 

would stop the decrease in cases observed in recent weeks. However, more precise 128 

estimates rely heavily on the baseline values of R and the profiles of susceptibility, generally 129 

assuming lower susceptibility and no greater infectiousness in children relative to adults.   130 



 

 131 

Figure 1: R estimates using CoMix data fit to time-varying reproduction number 132 
estimates based on the time series of cases (7). Transformed likelihood for different 133 
combinations of relative susceptibility and infectiousness based on data from A) August to 134 
October and B) June to October and the corresponding R estimates in C) and D) 135 
respectively. 90% CI of the estimates are shown by Grey rectangles for CoMix and the red 136 
ribbon for the time-varying reproduction number estimates from case data, red bars show 137 
their mean for the CoMix survey periods. Grey shaded areas indicate fitted periods. 138 
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Figure 2: The impact of reopening schools on the reproduction number. A) the relative 140 
increase in R (the ratio of dominant eigenvalues between contact matrices for each 141 
reopening scenario and that for current contact patterns) under different estimates of the age 142 
profile of susceptibility and infectiousness. B) The estimated R after reopening schools 143 
(points, 90% CI bars) from baseline R of 0.7, 0.8, 0.9 and 1.0 (vertical line). Dashed vertical 144 
lines show R = 1.0.  145 
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