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Summary
Background There remains uncertainty about the epidemiology of SARS-CoV-2 among school students and staff
and the extent to which non-pharmaceutical-interventions reduce the risk of school settings.

MethodsWe conducted an open cohort study in a sample of 59 primary and 97 secondary schools in 15 English local
authority areas that were implementing government guidance to schools open during the pandemic. We estimated
SARS-CoV-2 infection prevalence among those attending school, antibody prevalence, and antibody negative to posi-
tive conversion rates in staff and students over the school year (November 2020−July 2021).

Findings 22,585 staff and students participated. SARS-CoV-2 infection prevalence among those attending school
was highest during the first two rounds of testing in the autumn term, ranging from 0.7% (95% CI 0.2, 1.2) among
primary staff in November 2020 to 1.6% (95% CI 0.9, 2.3) among secondary staff in December 2020. Antibody con-
version rates were highest in the autumn term. Infection patterns were similar between staff and students, and
between primary and secondary schools. The prevalence of nucleoprotein antibodies increased over the year and was
lower among students than staff. SARS-CoV-2 infection prevalence in the North-West region was lower among sec-
ondary students attending school on normal school days than the regional estimate for secondary school-age
children.

Interpretation SARS-CoV-2 infection prevalence in staff and students attending school varied with local community
infection rates. Non-pharmaceutical interventions intended to prevent infected individuals attending school may
have partially reduced the prevalence of infection among those on the school site.
*Corresponding author at: Department of Public Health, Environments and Society, Faculty of Public Health and Policy, London
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Research in context

Evidence before this study

In January 2022, we searched PubMed using MeSH
terms for “School” AND “SARS-CoV-2” and applying fil-
ters for “reviews” AND “Systematic reviews”. The search
identified 58 papers, of which 8 were systematic reviews
of the epidemiology of SARS-CoV-2 in school popula-
tions, and/or implementation and effectiveness of
school measures to control COVID-19. Four reviews
summarised evidence on transmission and epidemio-
logical studies in schools and children. One examined
evidence linking school closures with impacts on com-
munity transmission, one examined infection risks for
teachers, and two reviews summarised evidence and
guidelines related to measures implemented within
schools. The reviews documented measures recom-
mended for implementation by schools in response to
the SARS-CoV-2 pandemic and a need for stronger evi-
dence on the role of schools in transmission.

Added value of this study

The COVID-19 Schools Infection Survey in England is
one of the largest and most comprehensive longitudinal
research studies undertaken globally in primary and
secondary schools to date during the COVID-19 pan-
demic (156 schools, 22,585 participants). The study
involved: repeated in-school collection of biological
samples for current infection and antibodies to SARS-
CoV-2 to capture past infection; online questionnaires;
and linkage to routine data sources. We used these data
to measure SARS-CoV-2 infection rates among staff and
students over the school year, in the context of guid-
ance on the implementation of policy measures to limit
school transmission, including partial and full school
closures and so-called “school-gate” efforts to limit the
extent to which infected individuals were present on
the school campus.

Implications of all the available evidence

In the context of high levels of ongoing community-
based transmission during September-December 2020,
the overall prevalence of current SARS-CoV-2 infection
among staff and students attending school on normal
school days was 0.7−1.6%. Over the school year, anti-
body prevalence rose among staff and students. During
April−July 2021, a mass asymptomatic testing pro-
gramme had been introduced for school staff and sec-
ondary school students, in addition to a range of
existing measures. In both the autumn and summer
terms, the prevalence of current infection among sec-
ondary school students attending school was lower
than the prevalence among secondary-school age chil-
dren measured in the community in the same region.
Overall, the study findings suggest that the epidemiol-
ogy of SARS-CoV-2 among school populations varied
with community transmission, and that “school gate”
control measures in place during 2020−21 may have
partially reduced the risk of those with prevalent infec-
tion attending school.
Introduction
The “severe acute respiratory syndrome coronavirus 2”
(SARS-CoV-2) outbreak was declared a global pandemic by
the World Health Organisation in March 2020.1,2 By this
date, population restriction measures, including school clo-
sures, were being implemented globally to reduce trans-
mission.3−6 While children under 18 years are less likely to
develop severe COVID-19 than adults,7 experience with
influenza pandemics had shown that school closures
reduced the size of outbreaks.8 The role of children and
schools in the transmission of SARS-CoV-2 was
unclear.9,10 Following the initial school closures, many
countries, including the UK, issued guidance onmitigation
measures in educational settings to limit transmission
when schools reopened after national lockdown.

The first wave of SARS-CoV-2 infections in England
began in March 2020 and led to a national lockdown on
23 March 2020, including school closures until the end
of May 2020 for most children. Subsequently, there
was a period of low incidence of SARS-CoV-2 infections,
hospitalisations, and deaths during the summer. The
Department for Education (DfE) in England updated its
guidance in July 2020 to help schools reopening for in-
person teaching for all students at the start of the 2020/
21 academic year (Table 1). Additional mitigation meas-
ures were introduced during the year. While many
“within-school” measures were principally aimed at
reducing the risk of in-school transmission from
infected individuals to others, some “school gate meas-
ures”, such as the roll-out of mass asymptomatic testing
for staff and secondary school children from March
2021, were intended to limit infected persons from
entering the school premises.

The aim of the COVID-19 Schools Infection Survey
(SIS) was a multi-objective study to assess the role of
www.thelancet.com Vol 21 Month , 2022
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Educational settings should:
� Thoroughly review health and safety risk assessments.

� Draw up plans that address the risks identified using the system of controls.

Essential measures include:
� Minimise contact with individuals who are unwell by ensuring that those who have coronavirus (COVID-19) symptoms, or who have someone in their

household who does, do not attend school.a

� Use of face coverings, where recommended.

� Clean hands thoroughly more often than usual.

� Ensure good respiratory hygiene by promoting the ‘catch it, bin it, kill it’ approach.

� Introduce enhanced cleaning, including cleaning frequently touched surfaces often, using standard products such as detergents and bleach.
� Active engagement with NHS Test and Trace, which in the main includes (i) advising the school community to book a PCR test and self-isolate, if symp-

tomatic, and provide details of close contacts, if asked, and (ii) for the school to report cases to the government.a

� Managing confirmed cases amongst the school community and containing outbreaks by following the advice of local health protection teams.

Consider:
� Formal consideration of how to reduce contacts and maximise distancing between those in the setting and, wherever possible, minimise the potential for

contamination as much as is reasonably practicable.

� Use of appropriate PPE, where necessary.

Reducing contact will depend on the setting’s individual circumstances and will include, as much as possible:
� Grouping children and young people together in contact bubbles.

� Self-isolating if exposed within bubbles.a

� Avoiding contact between groups.
� Arranging classrooms with forward facing desks.

� Staff maintaining distance from pupils and other staff as much as possible.

� For younger children the focus will likely be on keeping groups separate, while for older children it would be on distancing.

Major additions during the study period:
� Launch of rapid asymptomatic testing using lateral flow devices (LFDs) in secondary schools and colleges in a phased approach beginning in January

2021, for staff and students in school during the national lockdown, and three on-site tests for students prior to return to school for all students on 8

March 2021. Biweekly testing at home thereafter for all secondary school staff and students and primary school staff.a

� Face coverings in classrooms for students and adults in secondary schools (March 2021). Previously they were recommended in corridors and communal

areas where social distancing could not easily be maintained. At primary schools, a recommendation for face coverings for adults in communal areas

remained, with no additional face covering requirements in the classroom or for students.

� Emphasis on ventilation of occupied spaces.

Table 1: Summary of DfE guidance to schools for Autumn term 2020 and major additions during the school year.
11

a “School gate” measures principally intended to limit the chance of infected individuals being present on the school site.
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schools in SARS-CoV-2 transmission in England during
the school year 2020−2021. The study ran from
November 2020 to July 2021. In the analysis we present
here, we estimated SARS-CoV-2 infection prevalence
among those attending school on normal school days,
antibody prevalence, and antibody conversion rates among
staff and students in participating schools. We explored
the relationship between community case rates, periods of
school opening and community social distancing over the
year. Furthermore, in North-West England, the region
with highest SARS-CoV-2 infection prevalence at the start
of the school year 2020−2021, we explored whether
SARS-CoV-2 infection prevalence among children sam-
pled while attending school differed from the estimated
prevalence of SARS-CoV-2 infection among all children of
the same age in the region.
Methods

Study design and context
SIS was a longitudinal, population-based observational
study in a cohort of students and staff from selected
schools in 15 local authorities (LAs) across England with
www.thelancet.com Vol 21 Month , 2022
stratified sampling based on case rates in September
2020.12 The study was designed to run through the
school year 2020−2021 with open enrolment and plans
for six rounds (two per term) of school- and home-based
(from round 2) sample collection.

The sampling design and data-collection methods of
the study have been described previously.12 Briefly, dur-
ing the autumn term of the school year 2020−2021, we
set out to recruit approximately 50 primary and 100 sec-
ondary schools from 15 LAs in England to participate in
a year-long cohort study. To facilitate transmission stud-
ies, we selected LAs to over-represent locations with a
high burden of community COVID-19 cases at the start
of the 2020−2021 school year. We selected ten LAs ran-
domly from among those with case rates in the top 20%
nationally in September 2020, and a further five LAs
were randomly selected from the remainder of LAs
nationally. The study did not seek to estimate outcomes
that were intended to be generalizable at national level,
but rather to report on outcomes over time within
selected schools in regions with high and low commu-
nity SARS-CoV-2 infection prevalence.

Figure 1 illustrates the broader epidemiological con-
text within which SIS was conducted. Rolling seven-day
3



Figure 1. Schools Infection Survey context, September 2020−July 2021, including population case rates over time in study local
areas by initial transmission status and age groups, school term dates, national lockdowns, school closures, and other major relevant
public health events.
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mean case numbers from community testing in sam-
pled LAs are shown, stratified by SARS-Cov-2 infection
prevalence from September 2−8, 2020 (https://corona
virus.data.gov.uk/details/cases). SIS testing rounds are
shown, as well as school closures and national commu-
nity “lockdowns” in response to the pandemic.12

Although the initial high prevalence LAs had the high-
est prevalence in Autumn 2020, this pattern changed
with the Alpha variant in early 2021. Schools were
closed to most students from 06 January to 08 March
2021 and remained open when the Delta variant
emerged in England from April 2021.
Study procedures
There was a rolling recruitment process for schools and
participants (people who provided at least one sample)
within those schools from October 2020 to May 2021,
although not all schools participated in all the rounds.12

All students from 4 years of age and all staff in primary
schools were eligible to join the study from the start
(November 2020). For secondary students, in the first
term (November-December 2020), only those from two
systematically selected consecutive year-groups were eli-
gible in any one school: years 7 and 8 (ages 11−13); 9
and 10 (ages 13−15); or years 12 and 13 (ages 16−18)
were randomly selected to participate in each school. In
January 2021, the offer of enrolment was expanded to
all students in secondary schools, except those from
year 11 who, following guidance from the Department
for Education, were not invited to participate through-
out the year to limit disruption to learning during their
final examination year. The sample size and design for
the study were limited by pragmatic and logistical con-
siderations as described previously.12

Laboratory methods are described in detail else-
where.12 In brief, we collected nasal swabs for real-time
polymerase chain reaction (“real time-PCR”) testing for
current SARS-CoV-2 infection, oral fluid swabs for anti-
body testing among students, and self-sampled capillary
www.thelancet.com Vol 21 Month , 2022
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blood samples for antibody testing among staff, during
in-school visits. We considered oral fluid collection a
more feasible method for large scale collection of sam-
ples from students than capillary blood sampling. Two
visits were undertaken to schools in each term, except
that in-school sampling was cancelled in January 2021
(round 3) during England’s third national lockdown
during the alpha variant wave. In addition, postal collec-
tion of home sampling kits for antibody testing was
introduced from round 2. Anyone enrolled in the study
but absent from school on the visit day was invited to
return a test sample taken at home. We invited partici-
pants to complete baseline and follow-up questionnaires
through an online platform.

Nasal swabs were sent to a national Lighthouse test-
ing laboratory (Glasgow) assay.13,14 Oral fluid swabs
were sent to Public Health England Colindale (now UK
Health Security Agency) for detection of antibodies
against the SARS-CoV-2 Nucleoprotein (NP) using an
Immunoglobulin G (IgG)-capture-based enzyme immu-
noassay (EIA).15 Capillary blood samples taken from
staff were tested with a commercial immunoassay for
Nucleoprotein (NP) antibodies against SARS-CoV-2
(Roche cobas� Elecsys Anti-SARS-CoV-2 assay). Both
antibody assays used in the study detect antibodies
deriving from natural infection, but not those derived
through vaccination.16
Statistical analysis
We estimated crude infection prevalence and antibody
prevalence per sampling round by school type (primary
and secondary) and participant type (staff and students),
and by area. We estimated confidence intervals based
on robust standard errors to account for clustering
within schools and LAs. When calculating antibody
prevalence among students, we made an adjustment
based on the sensitivity (80%) and specificity (99%) of
the oral fluid assay used,17 using the formula: p=(q+spe-
cificity�1)/(sensitivity+specificity�1), where p is the
adjusted proportion positive, and q is the observed pro-
portion positive.18 We estimated rates of conversion
from antibody negative to positive (indicating incident
infections) between testing rounds as the number of
antibody conversions per total person-time in weeks,
including individuals who were antibody negative at the
start of the period and had a valid antibody result at the
following round. Reported school visit dates were used
to determine follow-up time if available and, if not, the
midpoint date of each round was used. Jackknife confi-
dence intervals were estimated to account for clustering
by school. When calculating incidence rates based on
antibody conversion, individuals were not included in
the analysis of subsequent rounds after a round with a
positive antibody result. We did not seek to estimate
rates of conversion from antibody positive to negative,
and we did not directly study antibody waning in this
www.thelancet.com Vol 21 Month , 2022
study. Estimates of the prevalence of key outcomes at
LA level are presented in supplementary information
(Tables S5a-S6d).

The large number of schools from LAs in the North-
West region (Manchester, Salford, Warrington, Liver-
pool, Knowlsey, Lancashire) in SIS allowed us, in a
post-hoc analysis, to compare the prevalence of current
infection in primary and secondary school students
attending school with published estimates of commu-
nity prevalence from the same time periods and region
from the ONS Coronavirus (COVID-19) Infection Sur-
vey (CIS) among children aged 2−11 and 12−18 years.19

Comparison was only possible for rounds 1, 2 and 6
owing to the small number of current infections
detected in rounds 3, 4, and 5 in SIS.
Role of the funding source
This report is independent research funded by the
Department of Health and Social Care (COVID 19- NTP
2.0, School Infection Study). The views expressed in
this publication are those of the author(s) and not neces-
sarily those of the NHS or the Department of Health
and Social Care.
Results
The number of participating primary schools increased
from 45 in round 1 to 57 in rounds 4−6 (Table 2). In
secondary schools, 62 participated in round 1, with the
number rising to 80, 86, 91, 89 and 86 in subsequent
rounds (Figures S1 and S2).

Participation among primary school students
increased from 12.9% across rounds 1 and 2, to 18.2%
across rounds 4 to 6 (Table 2). Participation for second-
ary school students remained relatively stable between
13.6% and 15.7% across survey rounds. This pattern
remained unchanged after 55 of the enrolled secondary
schools expanded enrolment to additional year-groups
beyond the original two school year groups sampled in
autumn term 2020. While primary school staff partici-
pation was consistent across rounds, staff participation
in secondary schools was 40.8% across rounds 1 and 2,
falling to 25.0% across rounds 4 to 6. In both primary
and secondary schools, the percentage of participating
staff providing finger-prick blood samples for antibody
testing was lower at every round than the percentage
with swab test results, declining from 89.2% to 67.5%
between rounds 1 and 6. Swab testing remained high
with >90% of participating staff having valid swabs at
each round (Table 2). No declines over time were seen
in the proportion (97%) of participating students pro-
viding oral fluid samples for antibody testing.

Of the 22,585 participants in the study, 62.8% were
in LAs with high community prevalence at the start of
school year and most (92.7%) were from urban settings
(Table 3). Staff were mostly female, especially in
5
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primary schools (90.2%), and >90% were White. Pri-
mary and secondary school students had similar propor-
tions of males and females. The majority were of White
ethnicity; 11.6% of primary school students and 6.1% of
secondary school students were of Asian/Asian British
ethnicity and 2.5% of primary school students and 2.2%
of secondary school students were of Black/African/
Caribbean/Black British ethnicity. By round six, 86.5%
of staff were vaccinated (Table 3). Participant character-
istics were similar in each round (Tables S1a-S1d).

Figure 2 shows estimates of infection and antibody
prevalence during the school year and by participant
type. Infection and antibody prevalence varied consider-
ably between and within LAs (estimates by round and
participant type are provided in Supplementary Infor-
mation Tables S2-S4). The prevalence of current SARS-
CoV-2 infection among those attending school was
highest during the first two rounds of testing in the
autumn term (Figure 2a), with estimates ranging from
0.7% (95% CI 0.2, 1.2) among primary school staff in
round 1 to 1.6% (95% CI 0.9, 2.2) among secondary
school staff in round 2 (Table S2). Comparing staff and
students, and primary and secondary schools, confi-
dence intervals overlapped for all rounds. At rounds 1, 2
and 4, prevalence was non-significantly higher among
secondary school staff and students than among pri-
mary school staff and students. The lowest prevalence
of infection was seen in rounds 4 and 5.

The prevalence of nucleoprotein antibodies in oral
fluid samples collected from students (Figure 2b), was
consistently lower than the prevalence in staff, mea-
sured using capillary blood samples. Among primary
and secondary staff, antibody prevalence based on capil-
lary blood samples rose during the school year rose
from 11.5% and 11.3%, respectively, in round 1, to 26.3%
and 23.5% in round 6. Among students, antibody preva-
lence was non-significantly higher among secondary
than primary school students in rounds 1, 2, and 4, but
very slightly lower in round 6 among secondary stu-
dents (Table S3). Student antibody prevalence rose from
rounds 1 to 4 from 5.3−9.1% in round 1 to 13.7−15.5% in
round 4 but was lower at round 6 than round 4. At
round 6 antibody prevalence was higher among staff
than students in both primary and secondary schools
with no overlap in confidence intervals.

Figure 3 shows antibody conversion rates during the
school year by school and participant type. The rate of
antibody conversion was highest among primary stu-
dents between round 1 and 2 (8.3 per 1000 person-
weeks, 95% CI 5.1−14.2) and lowest among secondary
school students between rounds 4 and 6 (1.1 per 1000
person-weeks, 95% CI 0.8−1.5) (Table S4).

Table 4 shows the comparison of current SARS-CoV-
2 infection prevalence among those attending schools
sampled from the LAs in the North-West region of Eng-
land at three time-points (rounds 1, 2 and 6) with esti-
mates of the community prevalence among 2−11 year-
www.thelancet.com Vol 21 Month , 2022



Primary
Staff

Primary
students

Secondary
staff

Secondary
students

All

Overall − 1891 (100) 4654 (100) 5852 (100) 10,188 (100) 22585 (100)

Transmission Sep-2020 Low 647 (34.2) 1523 (32.7) 2126 (36.3) 4114 (40.4) 8410 (37.2)

High 1244 (65.8) 3131 (67.3) 3726 (63.7) 6074 (59.6) 14175 (62.8)

School rural/urban Rural 177 (9.4) 594 (12.8) 322 (5.5) 545 (5.3) 1638 (7.3)

Urban city and town 739 (39.1) 2001 (43.0) 2849 (48.7) 6056 (59.4) 11645 (51.6)

Urban conurbation 975 (51.6) 2059 (44.2) 2681 (45.8) 3587 (35.2) 9302 (41.2)

Age group (years) <5 years 0 (0.0) 346 (7.5) 0 (0.0) 0 (0.0) 346 (1.5)

5-9 years 0 (0.0) 3269 (71.1) 0 (0.0) 0 (0.0) 3269 (14.6)

10-14 years 0 (0.0) 981 (21.3) 0 (0.0) 8325 (82.1) 9306 (41.6)

15+ years 0 (0.0) 0 (0.0) 0 (0.0) 1814 (17.9) 1814 (8.1)

<35 years 502 (26.9) 0 (0.0) 1879 (32.5) 0 (0.0) 2381 (10.6)

35-44 years 495 (26.5) 0 (0.0) 1712 (29.6) 0 (0.0) 2207 (9.9)

45-54 years 559 (29.9) 0 (0.0) 1383 (23.9) 0 (0.0) 1942 (8.7)

55+ years 312 (16.7) 0 (0.0) 811 (14.0) 0 (0.0) 1123 (5.0)

Data not available 23 58 67 49 197

Gender Male 183 (9.8) 2322 (50.6) 1532 (26.5) 5049 (49.9) 9086 (40.6)

Female 1683 (90.2) 2270 (49.4) 4244 (73.5) 5076 (50.1) 13273 (59.4)

Data not available 25 62 76 63 226

Ethnicity Asian/Asian British 96 (5.2) 528 (11.6) 222 (3.9) 617 (6.1) 1463 (6.6)

Black/African/Caribbean/Black British 12 (0.6) 114 (2.5) 56 (1.0) 222 (2.2) 404 (1.8)

Mixed/Multiple ethnic groups 20 (1.1) 264 (5.8) 118 (2.1) 446 (4.4) 848 (3.8)

Other ethnic group 6 (0.3) 51 (1.1) 30 (0.5) 94 (0.9) 181 (0.8)

White 1726 (92.8) 3596 (79.0) 5327 (92.6) 8698 (86.3) 19347 (87.0)

Data not available 31 101 99 111 342

IMD 2019 quintiles 1 425 (23.0) 1257 (27.5) 924 (16.2) 2248 (22.4) 4854 (21.9)

2 369 (19.9) 985 (21.6) 1213 (21.2) 2081 (20.7) 4648 (21.0)

3 315 (17.0) 715 (15.7) 1077 (18.8) 1653 (16.4) 3760 (16.9)

4 383 (20.7) 877 (19.2) 1259 (22.0) 1924 (19.1) 4443 (20.0)

5 358 (19.4) 731 (16.0) 1244 (21.8) 2148 (21.4) 4481 (20.2)

Data not available 41 89 135 134 399

Key Stage (year group) KS-1 − 1848 (40.3) − 0 (0.0) 1848 (12.6)

KS-2 − 2743 (59.7) − 0 (0.0) 2743 (18.7)

KS-3 − 0 (0.0) − 7284 (72.0) 7284 (49.5)

KS-4 − 0 (0.0) − 1658 (16.4) 1658 (11.3)

KS-5 − 0 (0.0) − 1168 (11.6) 1168 (7.9)

Data not available − 63 − 78 141

Job group (staff only) Senior leader 172 (9.3) − 453 (7.9) − 625 (8.2)

Middle leader 115 (6.2) − 1180 (20.5) − 1295 (17.0)

Teacher 491 (26.6) − 2032 (35.3) − 2523 (33.2)

TA/Special Ed 598 (32.4) − 528 (9.2) − 1126 (14.8)

Admin/Pastoral 187 (10.1) − 938 (16.3) − 1125 (14.8)

Cater/Clean/Maintenance 147 (8.0) − 226 (3.9) − 373 (4.9)

Other 133 (7.2) − 405 (7.0) − 538 (7.1)

Data not available 48 − 90 − 138

1 or more vaccine

doses by round 6

No 266 (14.1) − 779 (13.3) − 1045 (13.5)

Yes 1625 (85.9) − 5073 (86.7) − 6698 (86.5)

Table 3: Sociodemographic characteristics of primary-school staff, primary-school students, secondary-school staff, and secondary-school
students who participated in any SIS round, 2020−2021.
IMD = Index of multiple deprivation.

Key stage is a stage of the state educational system in England. Primary school includes KS-1 (school years 1 and 2, ages 5−7) and KS-2 (years 3−6, ages 7−11),
while secondary school include KS-3 (years 7−9, age 11−14), KS-4 (10−11, ages 14−16) and KS-5 (years 12−13, ages 16−18).
TA= Teaching assistant.
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Figure 2. (A-B): (A) Current infection prevalence and (B) nucleoprotein antibody, indicating prior infection irrespective of vaccination status, prevalence (student estimates adjusted for sensi-
tivity and specificity) at each round by school and participant type during 6 SIS rounds, 2020−2021, accounting for clustering by school and local area. Grey bars indicate timings of rounds
1−6. Current infection markers without confidence intervals (see rounds 4, 5 and 6 in panel A) indicate positive case counts below 3 that could not be published and that have been dis-
played as a maximum prevalence value calculated from 3 positive cases per group.
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Figure 3. (A-B): Antibody conversion incidence rates during follow-up periods between SIS survey rounds by school for staff (A) and
students (B), 2020−2021. Vertical bars and grey arrows indicate approximate follow-up periods. Grey dashed arrows indicate addi-
tional follow-up periods for subset of students with antibody testing results for rounds 3 and 5. Staff numbers for follow-up from
round 2 to 3 and 3 to 4 and student numbers for follow-up from round 2 to 3 were too low to present or estimate confidence inter-
vals. Jackknife confidence intervals are presented to account for clustering by school.

Period Age Band CIS Testing positive
% (95% CI)

SIS Testing positive
% (95% CI)

08 November to 21 November 2020 (CIS)/Round 1 (SIS) Age 2 - Age 11 (CIS)

/Primary (SIS)

2.09 (1.47, 2.89) 1.00 (0.48, 1.84)

22 November to 05 December 2020 (CIS)/Round 2 (SIS) 1.28 (0.79, 1.94) 0.99 (0.45, 1.86)

13 June to 26 June 2021 (CIS)/Round 6 (SIS) 0.79 (0.31, 1.62) 0.71 (0.26, 1.53)

08 November to 21 November 2020 (CIS)/Round 1 (SIS) Age 12 - Age 16 (CIS)

/Secondary (SIS)

4.48 (3.27, 5.97) 2.03 (1.19, 3.23)

22 November to 05 December 2020 (CIS)/Round 2 (SIS) 2.37 (1.54, 3.49) 1.27 (0.73, 2.05)

13 June to 26 June 2021 (CIS)/Round 6 (SIS) 2.05 (1.04, 3.63) 0.51 (0.25, 0.91)

Table 4: Current SARS-CoV-2 infection prevalence among SIS participant students sampled in-school and community infection among
children in the North-West region of England during SIS rounds 1, 2 and 6, 2020−2021.
CIS = Coronavirus (COVID-19) Infection Survey20; SIS = Schools Infection Survey. Data from the North West region in the Schools Infection Survey relates to

six Local Authorities (Knowsley, Lancashire, Liverpool, Manchester, Salford, Warrington) and data from the COVID-19 Infection Survey relates to the whole of

the North West region. Dates refer to 14-day periods used from the COVID-19 Infection Survey that relate to the period where the majority of tests were col-

lected in each Schools Infection Survey round. CIS estimates are weighted21 SIS figures are unweighted.

Articles
olds and 12−16 year-olds included in CIS in the same
region at comparable time-periods. The estimates of
prevalence of current infection among those sampled in
primary school were lower than the regional prevalence
estimates among 2−11 year-olds (proxy for primary-
www.thelancet.com Vol 21 Month , 2022
school children) at all rounds, though confidence inter-
vals overlapped. Among secondary-school students in
round 1, prevalence was 55% lower than among 12−16
year-olds enrolled in CIS, with no overlap in confidence
intervals. In the summer term (round 6), the prevalence
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of infection among secondary school children was 75%
lower with no overlap in confidence intervals.
Discussion
During the autumn 2020 school term in England,
within our sample of schools, approximately 1% of staff
and students were infected with SARS-CoV-2 when
tested on-site on normal school days. This in-school
prevalence was much lower by summer 2021. Over the
year, patterns of infection among those on school prem-
ises were similar between staff and students and
between primary and secondary school settings. In the
North-West region of England, where we were able to
make comparisons with the ONS Coronavirus (COVID-
19) Infection Survey, infection prevalence among sec-
ondary school students in school was 55% lower in
round 1 and 75% lower in round 6 than the estimated
overall prevalence of infection among secondary school
age students in the region, with no overlap in confi-
dence intervals.

The prevalence of SARS-CoV-2 nucleoprotein anti-
bodies (consistent with previous infection) among
school staff rose from about 10% in November 2020 to
25% by July 2021. Patterns were similar in primary and
secondary schools. Among students, antibody preva-
lence was lower than for staff, even after correction for
test characteristics, peaking at 10% and remaining sta-
ble, with some suggestion of a fall, over the summer
term. Antibody conversion rates between sampling
rounds among both staff and students, which should
approximate the total incidence of infection irrespective
of where infection was acquired, varied over time in a
manner similar to community case rates.

Our findings confirm the potential for school-based
transmission of SARS-CoV-2, especially where commu-
nity levels of infection are high. During the first term of
the school year, as community infection rates rose, and
despite prevailing advice to quarantine at home if
infected or with symptoms, we found evidence of (pre-
sumably asymptomatic) infected individuals being pres-
ent on both primary and secondary school premises on
routine school days. At the time, there were no recom-
mendations for regular home testing for SARS-CoV-2
for students or staff.

By the summer term 2021, most school staff along-
side the rest of the adult population had been vaccinated
and had access to regular rapid home testing for SARS-
CoV-2. Our data also suggest a higher SARS-CoV-2
prevalence among children in the community than
among children attending school in the North-West,
especially in secondary school students. This pattern is
consistent with the idea that control measures imple-
mented at “the school gate” (Table 1) may have had
some positive effects in limiting the proportion of
infected individuals attending school among both staff
and students. Of note, by the final round of the study
both exclusion of cases and their class contact
“bubbles”, along with a programme of twice-weekly test-
ing of asymptomatic staff and students were recom-
mended across secondary schools. In primary schools,
testing was only recommended for staff. The summer
term coincided with the lowest prevalence estimates of
infection found on site and lower prevalence among
those attending school on normal school days than the
estimated community prevalence in secondary age chil-
dren. A consequence of these measures, however, was a
high rate of school-absenteeism because of home isola-
tion of cases and the large number of contacts in the
class “bubble” per case during the delta variant surge in
June/July 2021. In addition, antibody prevalence levels
did not suggest that school staff were at greater cumula-
tive risk of infection than other working age adults.22-24

SIS was a large, rapidly launched, national-scale
study conducted across 15 different geographic areas,
with systematic sampling of staff and students and
administration of standardised questionnaires. The
study was not designed to be nationally representative.
Rather, the aim was to focus on understanding the risk
of transmission in schools through oversampling of
areas with high community infection prevalence at the
start of the school year in September 2020. The design
allowed comparisons to be made between staff and stu-
dents, and between primary and secondary settings,
and exploratory comparisons with community back-
ground rates of infection. Nested studies explored the
feasibility and acceptability of school implementation of
control measures, risk factors for infection among staff
and students and mathematical modelling to estimate
the relative importance of school and community trans-
mission and the impact of school control measures. In
this analysis we did not seek to investigate transmission
risk within the school setting, although a previous anal-
ysis has investigated secondary attack rates using some
data collected in SIS schools.25

The main limitation of the study relates to relatively
low response rates, particularly among students, despite
a range of efforts including compensating participating
schools. While our non-response rates were similar to
other national-scale studies launched in the UK during
the pandemic,26,27 participants who volunteered to take
part may have differed in important ways from those
who declined. Hence, we may have incorrectly esti-
mated the true levels of each of the outcomes. It is possi-
ble that we had lower participation from those with
lower access to electronic devices or digital literacy,
which is more frequent among those from lower socio-
economic background. Alternate forms of paper-based
data collection, however, were not practical for speed
and infection control reasons, and all participating
schools routinely communicated with pupils and their
parents using electronic communication, which may
have mitigated this problem. SIS was an open cohort
with participants recruited up to round 5 and some
www.thelancet.com Vol 21 Month , 2022
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skipping a testing round. The longitudinal patterns and
comparisons presented here did not explicitly adjust for
demographic changes in participants between rounds,
but comparison of characteristics between rounds iden-
tified no change in the distribution of key demographic
factors.

Testing of antibodies amongst children using oral
fluid sampling was non-invasive, which benefited partic-
ipation and retention in the study, but the assay we
deployed is less sensitive than serological sampling.
Although we adjusted for this in our analysis, anti-NP
IgG may wane at a faster rate than spike protein anti-
bodies.17 Thus, we may have underestimated antibody
prevalence in children in this study. We were surprised
to see stable or perhaps even falling antibody prevalence
among students in the summer term in our study. A
further limitation is that our study did not explicitly
study risks of re-infection or antibody waning, phenom-
ena that were thought to be relatively rare at the time of
the design and implementation of SIS.28 Further, there
is a risk of bias in our comparison of the CIS and SIS in
the North-West region due to differences in study sam-
ples, age-groups, sampling methods and the timing of
our estimates, especially at times when the epidemic
may have been changing quickly. Our study may have
lacked power to test hypotheses for some of the compar-
isons we show, while selection biases and residual con-
founding may have affected the validity of some of these
comparisons.

The COVID-19 pandemic has changed rapidly,
including the emergence of new variants over time, and
changing guidelines and implementation of control
measures in schools. This research was undertaken in
England from November 2020 to July 2021 during a
period when schools were implementing a wide range
of challenging measures to reduce coronavirus trans-
mission.29 Many of these measures, e.g., isolation of all
“bubble” contacts if one person was infected within the
bubble, are no longer recommended in English
schools.30 Hence, conclusions based on this research
may not be applicable in the current context. Further, in
making comparisons with regional rates among chil-
dren, our analyses were restricted to the North-West
region as we included more schools from this area, and
hence may not represent national patterns. The
research also preceded the arrival of the Omicron vari-
ant, which is more easily transmitted than previous
variants.31,32 Further research is needed to assess coro-
navirus transmission in educational settings in this rap-
idly changing context.

This study contributes important primary data to the
evidence on SARS-CoV-2 infection among students,
school staff, and within school settings. Previous
reviews concluded that there was limited high quality
evidence available to quantify the extent of transmission
in schools.33,34 Early evidence suggested lower risks of
susceptibility to infection among younger children
www.thelancet.com Vol 21 Month , 2022
compared to older children and adults.35 Broadly, our
findings are consistent with previous syntheses of rele-
vant evidence. Modeling studies have suggested the
potential importance of school-based transmission of
SARS-CoV-2.36,37 However, both the World Health
Organization and the European Centres for Disease
Control synthesized the evidence during 2021 and con-
cluded that, where mitigations are in place, there is lim-
ited evidence for rapid transmission of SARS-COV-2 in
schools.38,39 Studies in Germany,40 Norway,41 Aus-
tralia,42 the UK,43,44 and the USA45,46 have all con-
cluded that, with mitigations in place, the overall risk of
transmission in schools was limited. A systematic review
of the risk of transmission involving school staff found
mixed evidence,47 while other evidence from England sug-
gests similar infection (ONS-CIS) and antibody rates (SIS)
compared to working age adults.29 A study in Italy also
found antibody rates rise in teachers over the school year
but concluded that school opening did not “amplify trans-
mission”.48 Attack rates involving staff and students in
schools are highly variable across studies, but a recent
meta-analysis of five contact-tracing studies found a 10-
fold lower attack rate (0.7% of contacts becoming infected)
in schools than households (7.6%).49

The role of school closures in responding to the pan-
demic of SARS-CoV-2 has been highly contested.50 The
need to minimize transmission in schools, as well as to
prevent loss of learning, remains of paramount impor-
tance especially in the context of low vaccinations in
school-age children and/or with mRNA vaccines in chil-
dren providing limited short-term protection against
infection and transmission. School closures have wide
implications for children and their families, including
adverse educational,51,52 economic and well-being effects,
with concerns about exacerbating existing inequities.53,54

School closures are, therefore, widely considered a mea-
sure of last resort relative to mitigation measures aiming
to minimise closures. A systematic review of the impact of
school closures on transmission reported high levels of
bias and potential confounding in the evidence base, but
some evidence that school reopening at time of low inci-
dence was not associated with subsequent increase in
community-based transmission.55,56

Two reviews have explored a wide range of evidence
on the feasibility, effectiveness and modelled impact of
mitigation strategies implemented in schools.57,58 These
reviews suggested a range of potential strategies that
schools might implement with respect to social distanc-
ing within schools, exclusion of symptomatic individu-
als and other measures with school closures as a last
resort owing to their potential negative indirect effects.
These strategies were supported by modelling under a
range of assumptions. There was a high degree of over-
lap between guidance issued by different authorities to
schools, but little real-world data on the effectiveness of
any measures.59 An important contribution of our study
is our focus on the epidemiology of SARS-CoV-2, with
11
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prospective and regular in-school testing, that allowed
comparison with background community rates. Taken
together, the data also suggest little difference between
staff and students in current infection prevalence while
at school, and between primary and secondary schools.

Our study addressed urgent questions about the epi-
demiology of SARS-CoV2 among school populations.60

We also aimed to understand how to minimise these
risks while keeping schools open.37,61,62 Our data sug-
gest that schools are a potential location for transmission.
Although observational in nature, and subject to a range
of limitations, the results we present are consistent with
the idea that measures introduced by schools in England
may have been partially effective at reducing the risk of
on-site infection in schools during the 2020−21 school
year. However, evidence also suggests that implementing
some of the preventive measures created significant chal-
lenges for schools.63 Further evaluation is needed to
inform ongoing policy in relation both to the ongoing
SARS-CoV-2 pandemic, and school preparedness for
future infectious disease outbreaks.
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