SUPPLEMENT
Supplement 1. COVID-19 Schools Infection Survey, 2021 to 2022: methods and further information
Information on the methods used to collect the data, process it, and calculate the statistics produced from the COVID-19 Schools Infection Survey (SIS).
The study sample
The COVID-19 Schools Infection Survey (SIS) has a stratified, two-stage sample, designed to support the survey produce estimates of antibody prevalence at national and regional level. The target precision for regional estimates was to have confidence intervals of plus or minus five percentage points (95% confidence level). When calculating required sample sizes, we assumed the most statistically conservative scenario with an estimated prevalence of antibodies of 50%, which would result in the widest confidence intervals.
When a school was sampled, all pupils within participating schools were invited to take part. We assumed participation rates of pupils taking part in the study would be roughly equivalent to the 2020 to 2021 academic year study (SIS1) (25% in primary schools and 15% in secondary schools). We also assumed clustering effects of whole school sampling could be accounted for using design effects estimated from data collected in SIS1 and the COVID-19 Infection Survey. A design effect (DEFF) of 2.3 was assumed in the variance calculation. There are also potentially clustering effects at the local authority (LA) level because schools are selected within a limited number of LAs in each region.
With these assumptions and using standard approaches for sample size calculations (normal approximation), we set out to achieve a sample of 884 participants in primary schools and 884 participants in secondary schools in each of the nine English regions. In total, 16,000 pupils were therefore to be recruited into the study to ensure that we could estimate antibody prevalence for primary and secondary schools separately. Using assumed response rates and average school sizes (280 students in primary, 965 in secondary schools) for both primary and secondary schools, this equates to 13 primary schools and seven secondary schools participating in each region (180 schools in total).
The first stage of sampling was the selection of local authorities. In the second stage, samples of schools (primary and secondary) were drawn from selected local authorities. Our sample frame is restricted to English state schools listed on the school census table for 2020 to 2021.
Schools excluded from the sampling frame were: special schools, independent schools, pupil referral units and further education colleges, primary schools that do not have any pupils in school years Reception to 11 (such as infant schools); however, these were included in the school counts of the first stage.
Sampling of upper-tier local authority areas in England
[bookmark: _Hlk118990483]We first explicitly stratified our sampling frame into the nine regions of England. In each region, we drew five LAs by systematic sampling with probability proportional to size after implicit stratification by the urban-rural split. Size was determined by the total number of schools (primary and secondary) in each LA.
We decided that local authorities selected in the stage one sample should be broadly representative of the urban-rural split in each region. As such, the sample of local authorities was implicitly stratified by using the percentage of primary schools located in urban areas within the LA as a measure. We did this using the 2011 urban-rural definitions.
We used primary schools because they are more likely to better represent a local demographic than secondary schools. This is because there are generally fewer secondary schools within a local area, and they are generally located in more central areas.
[bookmark: _Hlk118990566]To select the local authorities within each region, we first listed all the local authorities ordered by the percentage of primary schools in urban areas. We then took a systematic sample on the local authority list, considering the size of each LA (number of schools). We therefore approximated probability proportional to size selection. Five local authorities were selected per region. This first-stage sample size was a balance between operational efficiency and having sufficient local authorities to gain enough information about the diversity of regional demographics.
LA substitution for practical purposes
Although we sought a random sample, we also wanted to retain a proportion of schools from the previous SIS1 by re-inviting willing schools to take part in this year's study. This would enable longitudinal analysis of repeat antibody samples collected from a cohort of children spanning both studies over an 18-month period.
Using existing relationships with schools also has operational benefits. To allow for this during the 2021 to 2022 academic year study (SIS2), we purposely substituted some of the randomly selected local authorities with local authorities that were already sampled in SIS1. For most regions, we achieved this by swapping the randomly selected local authority with the SIS1 local authority that had the most similar characteristics. We based that measure of similarity on the percentage of urban primary schools and total number of schools.
In addition, there were a small number of LAs that took part in SIS1 that had to be replaced in the LA selection process. This was mainly because of requests from these LAs to no longer involve their schools in the study. In these instances, we followed a similar substitution method to that mentioned above.
For the North West and North East regions (regions with high SIS1 participation), we aimed to retain a high number of schools. This was so a viable cohort could be established across both the SIS1 and SIS2 studies for longitudinal analysis. We therefore sampled five local authorities in these regions but only retained three. This was so we could re-recruit enough schools, ensuring the retained LAs were broadly representative. To do this, we replaced the three most similar sampled local authorities with our three SIS1 local authorities. We then flagged the two remaining randomly sampled local authorities as reserve LAs. If we did not achieve the required number of schools from our SIS1 LAs, we then had the option of sampling new SIS2 schools from the reserve LAs.
Sampling of schools
[bookmark: _Hlk118990643]The aim of the study was to recruit enough schools to allow for region-level estimates as described previously. In the second stage of sampling, schools were selected from within the chosen local authorities. We used systematic sampling, with the list ordered by several indicators that implicitly stratified the sample. These were: percentage of pupils with free school meals (high was over 25%, medium was 12% to 25%, and low was under 12%), local authority and whether the school has a sixth form (for secondary schools).
We did not order by urban-rural classification because this had been considered when sampling local authorities. However, it was considered when substituting in similar SIS1 schools. The sample frame for each region was taken and filtered to only include schools from the sampled local authorities, and sampling did not take place separately within each cluster (local authority), but across the whole region. This made the number of schools selected in each LA a random variable. We sampled 13 primary schools and seven secondary schools into the study. We used systematic random sampling with a random start point to identify the sampled schools.
Practical modifications
Several practical modifications were made to the sample selection procedure because of practical constraints on the selection of schools. For regions where there were only a couple of SIS1 schools to be retained in SIS2, we replaced the SIS1 schools for the SIS2 sampled schools that were the most similar in terms of characteristics. 
For regions where there were more SIS1 schools that could be retained than needed, we maintained a reserve list of SIS1 schools. If a SIS1 school declined to take part, we first replaced it with a similar SIS1 school from the reserve list. If a substitute was not available, we selected the originally sampled school from the SIS2 sampling frame that was originally replaced by the SIS1 school. If a SIS2 school declined to take part, we selected the next school in the interval.
There were some SIS1 schools who declined future involvement in the study. Rather than remove them from the sampling frame, we included them to allow for correct estimation of the sampling intervals. However, selection moving to the next school on the list if selected was not allowed.
For the North West and North East regions, where we already had full regional samples comprised of SIS1 schools, we ensured they were representative at a regional level with regards to the sampling characteristics above. We still drew our random sample for those regions (although spread across three local authorities rather than five) and replace all drawn schools with SIS1 schools.
Sampling of individual pupils
Within the selected schools, the headteacher was first invited to register the school. Once a headteacher had registered a school, all pupils were invited to participate in the study. This involved either the parents consenting on behalf of the child (for children in school Years Reception to 11) or the pupils consenting themselves.
Data collected
In each school that agreed to participate, head teachers were asked to register and complete a short questionnaire. Head teachers were also provided with information about the survey to forward to parents or guardians of pupils aged under 16 years, and pupils aged 16 years or over. After completing a short registration questionnaire and consent form, participants (or their parent or guardian if the pupil was under age 16 years) were enrolled into both antibody testing and questionnaire completion.
A study team visited each school to collect the biological samples for testing from the pupils who had enrolled in the study. Tests for pupils involved an oral fluid sample to test for SARS-CoV-2 (COVID-19) antibodies against the virus.
Timing of the study
Recruitment of schools to the study began on 4 October 2021. The first round of testing took place between 10 November and 10 December 2021. Only those who had enrolled in the study and were in school on the day of testing were tested. This means those with coronavirus (COVID-19) symptoms and those self-isolating would not be present in the school building to be tested on the assigned test day.
Weighting
Weighting is applied to the questionnaire and antibody data collected to make the data representative of the wider, target population with regards to specific characteristics. The weighting takes account of the design of the sample and reflects the response patterns and the total numbers of pupils in schools selected.
Response rates to the study may differ between various subgroups of the eligible population, and if this response propensity is correlated with the study outcomes, antibody positivity rates and other estimates will be biased if they are computed from the unweighted, observed data; for example if vaccine uptake (thus antibody positivity is higher in White compared with Ethnic Minorities, and there is higher participation rates in White group, unweighted data from the survey will overestimate the true population antibody positivity). It is important to note that weighting can only be carried out to adjust for differential response in variables that are known for both responders and non-responders. There may be other unobserved biases that affect an individual's likelihood of taking part, which cannot be controlled for by the weights calculated. In addition, some of the observed characteristics used for weighting may be based on small sample numbers, so care may need to be taken.
Separate sets of weights have been computed for each participant group (pupil and parent) for each questionnaire, and separate weights for antibody testing.
We computed initial design weights to reflect the survey sample design and be equal to the reciprocal of the selection probability. Schools that participated in the School Infection Survey (SIS) in the 2020 to 2021 academic year (SIS2) and were invited to take part this year, received different treatment regarding their assigned design weights.
To account for differences in response rates between schools, design weights were multiplied by an adjustment factor. This factor was given by the reciprocal of the school-level response rate, which equals the ratio of the number of participating pupils to the total count of pupils at the school. In this way, the weights of pupils from schools with low participation rates were increased.
To achieve regional level representation regarding selected control variables, we applied a final calibration step to the non-response adjusted design weights. This calibration ensures that the weights for specific subgroups of the sample sum to known population totals. Specifically, the weights were calibrated with respect to: school years (grouped as school Years 0 to 2, 3 to 4, and 5 to 6 for primary schools, and school Years 7 to 8, 9 to 11, and 12 to 13 for secondary schools), sex (two groups: male and female), ethnicity (two groups: non-minority white British and minority), free school meals (two groups: pupil has free school meals and pupil does not have free school meals). 
Calibration group totals were obtained from the 2020 to 2021 school census tables. For the parent survey in secondary schools, the target population is pupils in school Years 7 to 11, and all calibration totals were computed with respect to this group.
Linking survey data and biological samples
Information collected from each participant who agreed to take part is anonymised. An individual serial number or identifier (ParticipantID) is used. This allows for the differentiation of data collected between each pupil. Each ParticipantID is linked to their school by the school's unique reference number.
The biological samples are given a barcode and this barcode is also recorded against the ParticipantID by the study team. This allows the test results to be matched to the correct individual. Personal identifiers (for example, name) are not used to link the data.

Supplement 2. Number of schools in SIS1 and additional schools required to achieve a representative sample of schools for each region in SIS2
	Region
	Primary
	Secondary

	 
	Current sample
	Additional required
	Current sample
	Additional required

	East Midlands
	2
	11
	1
	6

	East of England
	3
	10
	3
	4

	London
	0
	13
	2
	5

	North East
	13
	0
	7
	0

	North West
	7
	6
	7
	0

	South East
	3
	10
	3
	4

	South West
	3
	10
	3
	4

	Yorkshire and The Humber
	 
	13
	-
	7

	West Midlands
	 
	13
	 -
	7

	Grand Total
	31
	86
	26
	37


Note: A sample of this size is only required to produce estimates of precision when anti-body prevalence in the school pupil population is close to 50%. We have simulated other prevalence scenarios (both higher and lower), where smaller sample sizes will enable us to achieve the equivalent levels of precision. If we sample this many schools we would expect to achieve approximately 20,000 participants / Antibody tests
















Supplement 3. Weekly incidence of SARS-CoV-2 cases per 100,000b of population from Week 30 2020 in primary and secondary school-aged children using national testing data for England. 
[image: ]
Graph taken from UKHSA Weekly Influenza and COVID-19 Surveillance graphs 1
Incidence definition: School age cohorts are calculated based on academic year birth cohorts. Those born between 01/09/2004 – 31/08/2005 are included in the year 12 school group and those born between 01/09/2003 – 31/08/2004 are included in the year 13 school group. Case rate denominators are sourced from ONS 2020 mid-year estimates. 


Supplement Figure 2. Weighted and adjusted antibody prevalence by age and vaccine status in SIS2 participants in Round 1 (10 November – 10 December 2021)


1.	UKHSA. Weekly Influenza and COVID-19 Surveillance graphs. 2021. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1035958/Weekly_COVID-19_and_Influenza_Surveillance_Graphs_w47.pdf (accessed 12th December 2021).
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