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s u m m a r y 

Objectives: We assessed SARS-CoV-2 infection, seroprevalence and seroconversion in students and staff

when secondary schools reopened in March 2021. 

Methods: We initiated SARS-CoV-2 surveillance in 18 secondary schools across six regions in September 

2020. Participants provided nasal swabs for RT-PCR and blood samples for SARS-CoV-2 antibodies at the 

beginning (September 2020) and end (December 2020) of the autumn term and at the start of the spring 

term (March 2021). 

Findings: In March 2021, 1895 participants (1100 students:795 staff) were tested; 5.6% (61/1094) students 

and 4.4% (35/792) staff had laboratory-confirmed SARS-CoV-2 infection from December 2020-March 2021. 

Nucleoprotein-antibody seroprevalence was 36.3% (370/1018) in students and 31.9% (245/769) in staff, 

while spike-antibody prevalence was 39.5% (402/1018) and 59.8% (459/769), respectively, similar to re- 

gional community seroprevalence. Between December 2020 and March 2021, 14.8% (97/656; 95%CI: 12.2–

17.7) students and 10.0% (59/590; 95%CI: 7.7–12.7) staff seroconverted. Weekly seroconversion rates were 

similar from September to December 2020 (8.0/10 0 0) and from December 2020 to March 2021 (7.9/10 0 0; 

students: 9.3/1,0 0 0; staff: 6.3/1,0 0 0). 

Interpretation: By March 2021, a third of secondary school students and staff had evidence of prior infec- 

tion based on N-antibody seropositivity, and an additional third of staff had evidence of vaccine-induced 

immunity based on S-antibody seropositivity. 

© 2021 Published by Elsevier Ltd on behalf of The British Infection Association. 
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In England, the emergence and rapid spread of the SARS-CoV- 

 Alpha (B.1.1.7 or Kent) variant in November 2020 led to a sec- 

nd wave of cases, hospitalizations and deaths, resulting in pro- 

onged national lockdown including school closures. 1–3 Following 

xposure to the virus, children are more likely to be asymptomatic 
. 

https://doi.org/10.1016/j.jinf.2021.08.019
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r develop mild, transient and self-limiting upper respiratory tract 

nfection compared to adults, who are more likely to develop se- 

ere disease, require hospitalization and die of COVID-19. 4–6 

Early in the pandemic, schools in England were closed as part of 

ational lockdown in March 2020 and only partially reopened for 

ome school years in June 2020. 7 Since September 2020, however, 

ll schools fully reopened for in-person teaching. 8 As per national 

uidance, face masks and face coverings were not recommended in 

lassrooms, but staff and children in secondary schools were ad- 

ised to wear them in communal areas outside the classroom if 

hysical distancing was difficult to maintain. 8 Cases in adults and 

hildren increased throughout September and October 2020 and a 

econd national lockdown was imposed for adults from 05 Novem- 

er to 02 December 2020, whilst keeping all schools open. 9 Cases 

ell rapidly first in adults and then in children even though all 

chools remained fully open at the time. 10 

To better understand infection and transmission of SARS-CoV- 

 in secondary schools, Public Health England (PHE) initiated ac- 

ive, prospective surveillance in 18 schools across six English re- 

ions to assess the risk of SARS-CoV-2 infection in students and 

taff in September 2020. 11 In addition to nasal swabbing to identify 

cute SARS-CoV-2 infection, we also took blood samples from staff

nd students to measure SARS-CoV-2 antibody positivity, because 

t captures both symptomatic and asymptomatic prior infections, 

hich are especially common in children. 11–13 

In December 2020, we found similar antibody seroprevalence 

nd seroconversion rates in staff and students, which were com- 

arable to local community rates at the time. 11 However, towards 

he end of November 2020, rapid increases in SARS-CoV-2 infec- 

ion rates were observed across all age groups because of rapid 

ncreases in the more transmissible Alpha variant, leading to lo- 

al tier restriction in areas of high community infections from 19 

ecember 2020 and another national lockdown from 06 January 

021, including school closures from the end of the end of the au- 

umn term in late December 2020 until 08 March 2021. Between 

5 January and 08 March 2021 schools were closed for all students 

xcept vulnerable children or children of key workers and an esti- 

ated 5% of secondary school students and 25% of primary school 

tudents attended school during the lockdown period. 14 To assess 

he impact of the Alpha variant in students and staff, we under- 

ook another round of nasal swabbing and blood sampling when 

articipating schools reopened after prolonged national lockdown 

n March 2021, with the aim of assessing SARS-CoV-2 infection, an- 

ibody seroprevalence and seroconversion rates during a period of 

apid spread of the Alpha variant in England. 

ethods 

The COVID-19 Surveillance in Secondary School KIDs (sKID- 

PLUS) protocol is available online ( https://www.gov.uk/guidance/ 

ovid- 19- paediatric- surveillance ), 15 and results for the first two 

ounds of testing have been published. 11 The protocol was ap- 

roved by PHE Research Ethics Governance Group (reference 

r0228; 24 August 2020). The study involved testing secondary 

chool students for SARS-CoV-2 infection and antibodies at the 

tart (Round 1: 22 September-17 October) and end (Round 2: 3–

7 December) of the autumn term of the 2020/21 academic year 

nd when the schools reopened in March (Round 3: 23 March-21 

pril)( Supplementary Fig. 1 ). Secondary schools were approached 

n areas where a paediatric investigation team could be assembled: 

erbyshire, West London, East London, Greater Manchester, Hert- 

ordshire and Birmingham. Headteachers in participating schools 

mailed the study information pack to staff, parents of students 

ged < 16 years and to students aged ≥ 16. Participants or their 

arent/guardian provided informed consent online via SnapSurvey, 

nd completed a short questionnaire prior to the sampling day. The 
574 
uestionnaire requested information about demographics, risk fac- 

ors and COVID-19 symptoms or confirmed infections in the house- 

old. Enrolment was open for new participants between Rounds 1 

nd 2, although 94 participants didn’t participate until round 3. A 

eam of clinicians, nurses, phlebotomists and administrative staff

ttended the school on the sampling days. Local anaesthetic cream 

as offered to all students before blood sampling. A member of 

he school staff was present with each student. Participating stu- 

ents and staff had a nasal swab and a blood sample taken by the 

nvestigation team. 

aboratory testing 

The swabs were tested by a triplex reverse transcription PCR 

RT-PCR) assay for the detection of ORF1ab and E gene re- 

ions of SARS-CoV-2 with simultaneous detection of an exoge- 

ous internal control using the Applied Biosystems Quantstudio 7- 

ex thermocycler (ThermoFisher Scientific, UK). The ORF1ab gene 

rimers/probes published by the China CDC were combined with 

he E gene primers/probe published Corman et al.,. 16 , 17 A positive 

T-PCR result was reported to the participant, local investigator, 

ead teacher and local PHE health protection team (HPT), typically 

ithin 48 h of the sample being taken. The participant and house- 

old members self-isolated as per national guidance. Public health 

isk assessment was undertaken with the school to decide addi- 

ional measures, including identification and isolation of the par- 

icipant’s contacts inside and outside school premises. 

Serology was performed on the Abbott Architect using a chemi- 

uminescent microparticle immunoglobulin G (IgG) immunoassay 

argeting the nucleoprotein (N) (SARS-CoV-2 IgG, Abbott Com- 

erce Chicago, USA) with a seropositivity threshold of 0.8 (hence- 

orth referred to as Abbott N assay). 18 This assay was shown to 

etect SARS-CoV-2 N-antibodies as early as 7 days post symp- 

om onset and is, therefore, particularly useful for assessing SARS- 

oV-2 antibody seroconversion (negative to positive antibodies) 

etween testing rounds. 19 Where sufficient serum was available, 

amples from Rounds 2 and 3 were additionally tested for nu- 

leoprotein and spike (S) protein antibodies on the Roche Elecsys 

nti-SARS-CoV-2 assay and Elecsys Anti-SARS-CoV-2 S assay re- 

pectively (henceforth referred to as Roche N and Roche S assays 

espectively). 

tatistical analysis 

Data were managed in R-Studio and Microsoft Access and ana- 

yzed in Stata SE (version 15.1). Data that did not follow a normal 

istribution are described as median with interquartile ranges. Cat- 

gorical data are described as proportions and compared with the 

hi 2 -test or Fisher’s exact. 

Participants were linked to routine laboratory report of SARS- 

oV-2 to identify diagnoses between testing rounds. Firstly, NHS 

umber was ascertained through linkage of participants to the Per- 

onal Demographics Service. A combination of NHS number, full 

ame, sex, date of birth and postcode of residence was used to 

ink participants to the routine laboratory reports of SARS-CoV-2 

t PHE. 

SARS-CoV-2 infection rate and antibody seroprevalence, with 

5% confidence intervals (CI), were compared between secondary 

chool students and staff. For comparisons with regional sero- 

revalence, three-week (round 3: 15 March-11 April) average 

revalence data from PHE and NHS Blood and Transplant (NHS BT) 

erosurveillance of blood donors was provided. A sample of donors 

re tested for both N and S-antibodies on the Roche assays and 

or students data was compared to the seroprevalence in 18–30 

ear olds and staff were compared to 18–64 year old donors. Non- 

verlapping 95% CIs were used to assess statistical significance be- 

https://www.gov.uk/guidance/covid-19-paediatric-surveillance
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Table 1 

Characteristics of students and staff from 18 secondary schools participating in 

sKIDs PLUS in round 3 (March-April). 

Total Students Staff

N % N % N % 

Sex 

Male 657 34.7 421 38.3 236 29.7 

Female 1231 65.0 672 61.1 559 70.3 

Missing 7 0.4 7 0.6 0 0.0 

Age cat 

Lower school 603 31.8 603 54.8 

GCSEs 306 16.1 306 27.8 

A-Levels/College 191 10.1 191 17.4 

19–29 135 7.1 135 17.0 

30–39 202 10.7 202 25.4 

40–49 209 11.0 209 26.3 

50–59 203 10.7 203 25.5 

60 + 46 2.4 46 5.8 

Ethnicity 

White 1346 71.0 703 63.9 643 80.9 

Black 81 4.3 53 4.8 28 3.5 

Asian 290 15.3 203 18.5 87 10.9 

Mixed 108 5.7 85 7.7 23 2.9 

Other 54 2.8 42 3.8 12 1.5 

Missing 16 0.8 14 1.3 2 0.3 

School area 

Derbyshire 482 25.4 257 23.4 225 28.3 

East London 444 23.4 275 25.0 169 21.3 

Greater Manchester 137 7.2 99 9.0 38 4.8 

Hertfordshire 151 8.0 93 8.5 58 7.3 

West London 282 14.9 187 17.0 95 11.9 

Birmingham 399 21.1 189 17.2 210 26.4 

Total 1895 1100 795 
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ween student or staff rates and regional estimates. Antibody sero- 

onversion rates with 95% confidence intervals were calculated for 

articipants who were tested in two sequential rounds and were 

egative in their first round of testing. 

Reported SARs-CoV-2 cases were used in conjunction with 

uestionnaire data to ascertain likely time of infection. Reported 

ARS-CoV-2 diagnosis date was preferentially taken over reported 

ate of symptom onset and reported date of diagnosis, as provided 

n the questionnaire. 

Participants were classified as included in each round if they 

rovided a blood or swab sample in that round. For SARS-CoV- 

 antibody seroconversion, a multivariable regression model was 

uilt using age, sex, ethnicity, school area and school atten- 

ance during January to March 2021 lockdown. Variation between 

chools was allowed for via a school-level random effect. 

ole of funding source 

The funder of the study had no role in study design, data col- 

ection, data analysis, data interpretation, or writing of the report. 

pplications for relevant anonymized data should be submitted to 

he Public Health England Office for Data Release. 

esults 

Eighteen secondary schools in six school areas enroled and par- 

icipated in three rounds of sKIDsPLUS testing. Overall, 1895 par- 

icipants were tested in Round 3, 1100 students and 795 staff

 Table 1 ). Of those who completed the online surveillance ques- 

ionnaire for Round 3 (students: 78.4%; n = 862, staff: 88.4%; 

 = 703), most (82.8%; 707/854) students had not attended school 

uring the third lockdown, with 5.7% ( n = 49) attending part-time 

nd 11.5% ( n = 98) attending full-time. In comparison, the staff had 

ll attended school, either part-time (70.3%; 352/501) or full-time 

29.7%; n = 149). Two-fifths (42.9%; 30 0/70 0) of staff were vacci- 

ated, and 1.3% (11/852) students reported being vaccinated). 
575 
T-PCR results 

In March 2021 (Round 3), two (0.18%; n = 1094) students from 

ifferent schools, and none of the 792 staff tested were SARS-CoV- 

 RT-PCR positive on nasal swabs. For the ORF1AB gene, one swab 

ad a cycle threshold (Ct) value of 21.9 and the other was 38.1, 

or the E-gene the corresponding Ct-values were 20.5 and 32.6. Se- 

uencing was successful for the swab with the lower ORF1AB and 

 gene Ct values and was identified as the Alpha (B.1.1.7) variant. 

inkage to the national SARS-CoV-2 testing database identified an 

dditional 95 cases, including 60 in students and 35 in staff. This 

quates to a diagnosed infection rate of 5.7% (62/1094) in students 

nd 4.4% (35/792) in staff between Rounds 2 and 3. 

ntibody prevalence 

Serum samples were tested on the Abbott N-antibody plat- 

orm for all three rounds and seroprevalence increased from 11.0% 

193/1754) in Round 1, 13.3% (234/1766) in Round 2 to 20.9% 

377/1800) in Round 3 ( p < 0.001 for both rounds vs. Round 3) 

 Fig. 1 ). Because of an assay-related high antibody waning rate 

ver time with the Abbott N-antibody assay, sera from Round 3 

ere also tested on the Roche N and S assay. Using the Roche as- 

ay, the N-antibody seroprevalence was 36.3% (370/1018) in stu- 

ents and 31.9% (245/769) in staff, while S-antibody prevalence 

as 39.5% (402/1018) and 59.8% (459/767), respectively ( Fig. 2 ). 

n S-antibody positive staff, 63.0% (259/411) reporting being vac- 

inated. 

When compared to regional seroprevalence data using the NHS 

T samples, N-antibody seroprevalence was higher in students 

rom East London and Hertfordshire, and higher in staff from Der- 

yshire, East London and West Midlands. For S-antibody, sero- 

revalence was higher in students from West London and West 

idlands, and higher in staff from Hertfordshire ( Fig. 2 ). 

eroconversion rates 

Overall, 758 students and 688 staff had Abbott N-antibody re- 

ults from both Rounds 2 and 3, including 656 (86.5%) and 590 

85.8%), respectively, who were negative in Round 2. Between 

ounds 2 and 3, 14.8% (97/656; 95% CI: 12.2–17.7) of students and 

0.0% (59/590; 95% CI: 7.7–12.7) of staff seroconverted over a me- 

ian of 15.9 weeks (IQR: 15.1–15.9) ( Table 2 ). Seroconversion rate 

as 9.3 per 10 0 0 weeks (95% CI: 7.5–11.3) between Rounds 2 and 

 in students, compared to 6.8 per 10 0 0 weeks (95% CI: 4.8–9.4) 

etween Rounds 1 and 2. among staff, the seroconversion rate was 

.3 per 10 0 0 weeks (95% CI: 4.8–8.1) between Rounds 2 and 3 and

.9 per 10 0 0 weeks (95% CI: 6.7–11.5) between Rounds 1 and 2 

Where known, more student seroconverters were asymptomatic 

han staff (6 6.7%; 44/6 6 vs. 30.9%; 17/55; p < 0.001). When using 

inked national testing data and reported symptoms and positive 

est dates in the period between Rounds 2 and 3 to estimate likely 

ate of infection in those who seroconverted, half (56.5%; 48/85) 

f the cases were in the last 4 weeks of 2020, 28.2% (24/85) were 

n the first 4 weeks of 2021 and 12.9% (11/85) were in the weeks 

–8 of 2021 ( Supplementary Table 2 ). 

Using a logistic regression, seroconversion in students between 

ounds 2 and 3 was associated with school area ( p = 0.0060), 

ith higher rates in East London (adjusted Odds Ratio [OR]: 3.60; 

5% CI: 1.59–8.14 compared to Derbyshire) and full-time school 

ttendance during the third lockdown (OR: 2.27; 95% CI: 1.06–

.86) when compared to students studying at home ( Table 3 ). In 

taff, seroconversion was associated with Asian ethnicity (OR: 2.95; 

5% CI: 1.11–7.84) when compared to White participants. Clustering 

as not significant at a school level for students ( p = 1.0) or staff

 p = 0.068). 
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Fig. 1. Seroprevalence in student and staff sKIDsPLUS participants using the Abbot N, Roche N and Roche S assays in Round 1 (September 2020), Round 2 (Novem- 

ber/December 2020) and Round 3 (March/April 2021). 

Table 2 

Seroconversion percent and rate per 10 0 0 weeks for sKIDs PLUS students and staff between 

Rounds 1 and 2 and 2 and 3, including by frequency of attendance. 

Sample Seroconverters 

N Percent Rate per 10 0 0 weeks 95% CI 

Round 1- > 2 

Total 1201 93 7.7 8.0 6.4–9.7 

Students 549 36 6.6 6.8 4.8–9.4 

Staff 652 57 8.7 8.9 6.7–11.5 

Round 2- > 3 

Total 1246 156 12.5 7.9 6.7–9.2 

Students 656 97 14.8 9.3 7.5–11.3 

Not attending school 432 44 10.2 6.3 4.6–8.5 

Attending school part time 33 8 24.2 15.6 6.8–30.5 

Attending school full time 54 13 24.1 15.5 8.3–26.4 

Staff 590 59 10.0 6.3 4.8–8.1 

Not attending school 0 –

Attending school part time 265 25 9.4 6.0 3.9–8.8 

Attending school full time 103 16 15.5 9.9 5.7–16.0 

∗Breakdown of attendance will not add to student and staff totals as questionnaire not returned 

by all participants. 

576 
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Fig. 2. Seroprevalence in student (a) and staff (b) sKIDsPLUS participants by region using the Roche N and Roche S assays in Round 3 (March/April 2021) and compared to 

community estimates for N and S antibodies. 

Source: NHSBT Seroprevalence data for the period 15th March to 11th April: ∗ S antibody prevalence in 18–30 year olds by region; ̂  N antibody prevalence in 18–30 year 

olds; # S antibody prevalence in 18–64 year olds by region; + N antibody prevalence in 18–64 year olds by region. 

Table 3 

Risk factors for seroconversion in students ( n = 511) and staff ( n = 358) between Round 2 (December 

2020) and Round 3(March 2021). 

Students (clustering p = 1.0) Staff (clustering p = 0.068) 

adjusted OR (95% CI) p-value adjusted OR (95% CI) p-value 

Sex 

Male 1.46 (0.78–2.74) 0.24 1.37 (0.66–2.86) 0.40 

Female 1 1 

Age cat 

Lower school 1 0.97 

GCSEs 1.04 (0.51–2.13) 

A-Levels/College 1.11 (0.52–2.38) 

19–29 0.42 (0.11–1.67) 0.79 

30–39 1 

40–49 0.69 (0.26–1.81) 

50–59 0.76 (0.31–1.88) 

60 + 0.70 (0.17–2.90) 

Ethnicity 

White 1 0.71 1 0.083 

Black 2.33 (0.63–8.69) –

Asian 1.30 (0.61–2.75) 2.95 (1.11–7.84) 

Mixed 1.06 (0.33–3.38) 0.70 (0.08–6.16) 

Other 0.72 (0.15–3.50) –

School area 

Derbyshire 1 0.0060 1 0.69 

East London 3.60 (1.59–8.14) 1.10 (0.32–3.76) 

Greater Manchester 1.21 (0.29–5.06) 0.29 (0.03–3.15) 

Hertfordshire 0.96 (0.23–3.99) 0.92 (0.13–6.69) 

West London 1.49 (0.54–4.12) 0.35 (0.07–1.72) 

Birmingham 0.66 (0.18–2.36) 0.73 (0.23–2.33) 

School attendance during lockdown 

Not attending school 1 0.032 

Attending school part time 2.52 (0.93–6.81) 1 0.066 

Attending school full time 2.27 (1.06–4.86) 2.02 (0.95–4.28) 

D
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iscussion 

Between December 2020 and March 2021, 5.7% of secondary 

chool students and 4.4% of staff had laboratory-confirmed COVID- 

9, mainly during December 2020, when schools were open and 

ase rates of the SARS-CoV-2 Alpha variant were increasing rapidly 

cross England. When assessed using serum antibodies, however, 
577 
he estimated proportions exposed to the virus over the same pe- 

iod were 14.8% and 10.0%, respectively, likely because of asymp- 

omatic and pauci-symptomatic infections that did not warrant 

esting for the virus. The weekly seroconversion rate in staff and 

tudents was similar between December 2020 and March 2021 

hen compared with September to December 2020, even though 

he majority students did not attend school and more than two- 



S.N. Ladhani, G. Ireland, F. Baawuah et al. Journal of Infection 83 (2021) 573–580 

t

B

o

w

d

d

h

o

s

s

t

(

l

t

p

i

w

a

w

m

c

d

c

s

2

d

i

p

p

a

F

i

s

t

S

r

f

d

p

t

d

b

w

c

o

i

d

o

c

t

T

s

s

a

r

a

h

t

m

r

i

l

f

a

d

f

A

i

i

l

t

d

a

b

c

p

e

c

t

t

a

t

a

t

e

f

w

a

v

t

t

t

t

2

h

c

C

t

2

d

f

a

S

l

o

f

g

w

f

i

i

n

s

L

a

r

h

w

f

f

E

s

t

hirds of staff attended school part-time during the latter period. 

y March 2021, 36.3% in students and 31.9% in staff had evidence 

f SARS-CoV-2 infection based on N-antibody seropositivity. This 

as supported by similar S-antibody seropositivity of 39.5% in stu- 

ents who were unvaccinated at the time, but 59.8% of staff had 

etectable spike antibodies because two-thirds of the school staff

ad been vaccinated as part of the national COVID-19 vaccine roll- 

ut. 

Serum antibody testing is the most robust investigation for as- 

essing prior exposure to SARS-CoV-2 because it captures both 

ymptomatic and asymptomatic infections, the latter contributing 

o a significant proportion of total cases among both students 

67%) and staff (31%) in our cohort. This is consistent with the pub- 

ished literature, but due to testing and isolation guidance, PCR- 

esting only provides a point estimate of asymptomatic infection 

revalence in participants who were in school on the day of test- 

ng. 20 At the same time, testing of symptomatic individuals only 

ill miss more than half the infections, as evidenced through link- 

ge of our cohort with the national SARS-CoV-2 testing database, 

hich estimated an infection prevalence of around 5% compared to 

ore than twice this estimate through seroconversion. 

We initially used the Abbott N-antibody testing platform be- 

ause our early validation studies indicated that seropositivity was 

etected quicker after acute infection compared to other commer- 

ial platforms. 19 , 21 , 22 Using this assay, we found that the weekly 

eroconversion rates were similar between September-December 

020 and from December 2020 to March 2021, despite most stu- 

ents not attending school and staff attending part-time only dur- 

ng the latter period. The date of PCR-testing among symptomatic 

articipants indicated that most infections occurred during the 

eak of the Alpha variant outbreak nationally in December 2020, 

lthough cases also occurred at lower rates during January and 

ebruary 2021. Notably, attending school was associated with an 

ncreased risk of seroconversion in students, and marginally non- 

ignificant in staff, although we were not able to ascertain whether 

he infection was acquired inside or outside school. Data from the 

chools Infection Survey (SIS) also showed similar N-antibody se- 

oconversion rates in among primary and secondary school staff

or the autumn term and lockdown period, although data on stu- 

ents and more detailed estimates by attendance are yet to be 

ublished. 23 A number of epidemiological studies have reported 

hat most confirmed SARS-CoV-2 infections in school-aged chil- 

ren are acquired outside school, usually from a household mem- 

er, with very low rates of in-person transmission of SARS-CoV-2 

ithin school premises, even with active case finding. 24–26 This is 

onsistent with seroprevalence studies in both primary and sec- 

ndary schools when all students were attending in-person teach- 

ng. 11 , 12 , 27 That seroconversion rates were lower in students who 

id not attend in-person teaching is not surprising since their risk 

f coming into contact with an infected person would be signifi- 

antly reduced. 

An as-yet unexplained phenomenon of the Abbott nucleopro- 

ein assay is a very high antibody seroreversion rate over time. 21 

his appears to be specific to this particular platform because 

uch a high seroreversion rates is not observed when the same 

era are tested on other commercial nucleoprotein or spike protein 

ntibody platforms. 21 Consequently, we re-tested all samples in 

ound 3 in the Roche N assay, which reported seroprevalence rates 

round 65% higher than the Abbott nucleoprotein assay ( Fig. 1 ). 

By March 2021, a third of students, in our majority urban areas, 

ad SARS-CoV-2 antibodies, ranging between 30% in West London 

o almost 50% in East London. In students, the antibodies were 

ost likely through natural infection, since vaccination was not 

ecommended for this age-group. Observational data from England 

ndicates that secondary attack rates followed an inverted U re- 

ationship with age, such that the risk of transmission increased 
578 
rom 9% in 0–9 year-olds to 12% among 10–19 year-olds and 16% 

mong 20–29 year-olds and remaining at 20–24% thereafter. 28 Ad- 

itionally, secondary attack rates were higher across all age-groups 

or the Alpha variant compared to previously circulating strains. 3 

n outbreak investigation in three German childcare centres found 

nfection and transmission rates with the Alpha variant were sim- 

lar for children and for adults but higher than previously circu- 

ating SARS-CoV-2 strains. 29 Increased transmission would explain 

he rapid increase in infection rates among secondary school stu- 

ents attending school during late November and December 2020, 

nd the high seroconversion rates by March 2021, despite schools 

eing closed for most of this period. Reassuringly, the severity of 

linical disease in children with the B.1.1.7 variant was similar to 

reviously circulating strains. 10 , 30 

Since April 2021, the Alpha variant has been replaced by an 

ven more transmissible Delta variant in England, and, although 

ases remained low when schools reopened full-time for in-person 

eaching on 08 March 2021, whilst adults remained in lockdown, 

he transition to the easing of national lockdown on 17 May was 

ssociated with an increase in cases among young adults and older 

eenagers nationally. 31 , 32 Older adults, however, remain protected 

gainst infection, hospitalisation and deaths because of the na- 

ional rollout of the COVID-19 immunization programm since the 

nd of December 2020. 32 The programm prioritized vaccination 

or older adults, followed by health and social care workers, those 

ith underlying co-morbidities and the progressively in younger 

dults in 10-year age-bands. 33 School staff were not prioritized for 

accination in the UK because their risk of COVID-19 was similar 

o other professions. 34 Instead, they were vaccinated according to 

heir age and comorbidity status. Since we also measured spike an- 

ibodies using the Roche S assay in Round 3, we were able to es- 

imate that around 60% of school staff were protected by March 

021, either through natural infection or vaccination. Since 17 May, 

owever, cases and outbreaks have been increasing in school-aged 

hildren, with the Delta variant now accounting for > 90% of SARS- 

oV-2 infections in England. 32 , 35 It is likely that SARS-CoV-2 an- 

ibody prevalence in students will now be higher than in March 

021. 

The high seroprevalence rate in secondary school-aged chil- 

ren has implications for vaccinating secondary school students 

ollowing approval of the Pfizer-BioNTech mRNA vaccine from 

dults down to 12 year-olds. 36 Some countries including the United 

tates, Canada and Israel have already started vaccinating ado- 

escents but others, including the UK, are yet to make a rec- 

mmendation. The decision to recommend COVID-19 vaccination 

or teenagers should consider the added value of vaccinating a 

roup with a high prevalence of natural immunity or, alternatively, 

hether a single dose, or a lower dose, might be sufficient to con- 

er immunity whilst limiting the risk of potential adverse events, 

ncluding myocarditis in teenagers and young adults. 37–40 Reassur- 

ngly, from 18 June 2020, all school staff are now eligible for vacci- 

ation – the School Infection Survey recently reported that 85% of 

taff had received at least one vaccine dose by May 2021. 23 , 41 

imitations 

The strength of this surveillance lies in the rapid recruitment 

nd longitudinal assessment of secondary schools as soon as they 

eopened after national lockdown in September 2020. There are, 

owever, some limitations. We only recruited schools in regions 

here we had paediatric investigation teams to take blood samples 

rom large numbers of staff and students. Our schools are, there- 

ore, not intended to be representative of all secondary schools in 

ngland and are focused on urban areas. We avoided recruiting 

ome secondary school years with end-of-year national examina- 

ions to minimise disruption of their education. Additionally, as al- 
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eady discussed, we were unable to assess whether the confirmed 

nfections occurred within or outside the school premises. We are 

urrently conducting a larger national School Infection Survey (SIS) 

nvolving 150 schools across England during the 2020/21 academic 

ear. 42 

onclusions 

Following the emergence of the Alpha variant in the UK, a third 

f students and staff had evidence of prior SARS-CoV-2 infection 

y March 2021, despite national lockdown including school holi- 

ays and closures for almost three months. Antibody seropreva- 

ence rates are likely to be substantially higher with the emergence 

nd rapid spread of the more transmissible Delta variant associ- 

ted with increasing rates of SARS-CoV-2 infections and COVID-19 

utbreaks in educational settings since mid-May 2021. Most adults 

ncluding education staff and household members, however, are 

ow protected through the national COVID-19 immunization pro- 

ramm. These findings are important when considering vaccination 

f teenagers against COVID-19. 

unding 

This surveillance was funded by the Department of Health and 
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