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Introduction: The reopening of schools during the COVID-19 pandemic has raised concern for the safety
of staff and students, their families and the wider community. We monitored SARS-CoV-2 infection rates
in school-aged children and compared them with adult infection rates before and after schools reopened
in England.

I;;Jg?égi}_z Methods: Public Health England receives daily electronic reports of all SARS-CoV-2 tests nationally. SARS-
COVID-19 CoV-2 infection rates by school year from July to December 2020 were analysed, including the effect of a
Schools national month-long lockdown whilst keeping schools open in November 2020

Children Results: SARS-CoV-2 infections rates were low during early summer but started increasing in mid-August,

Transmission initially in young adults followed by secondary and then primary school-aged children prior to schools

reopening in September 2020. Cases in school-aged children lagged behind and followed adult trends
after schools reopened, with a strong age gradient in weekly infection rates. There was a strong (P<0.001)
correlation in regional infection rates between adults and secondary (R*=0.96-0.98), primary (R*?=0.93-
0.94) and preschool-aged (R?*=0.62-0.85) children. The November lockdown was associated with declines
in adult infection rates, followed a week later, by declines in student cases. From 23 November 2020,
cases in adults and children increased rapidly following the emergence of a more transmissible novel
variant of concern (VOC-202,012/01; B.1.1.7).
Conclusions: In school-aged children, SARS-CoV-2 infections followed the same trajectory as adult cases
and only declined after national lockdown was implemented whilst keeping schools open. Maintaining
low community infection rates is critical for keeping schools open during the pandemic.

© 2021 Published by Elsevier Ltd on behalf of The British Infection Association.

Introduction

The rapid spread of the SARS-CoV-2, the virus responsible for
COVID-19, led many countries to impose strict national lockdowns
which, in most countries, included school closures, even though
children were relatively spared by the pandemic.! School closures
not only disrupt the education of students, but also affect their
physical, mental and social development and wellbeing, as well as
restricting access to health visiting, social care and school-based
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E-mail address: shamez.ladhani@phe.gov.uk (S.N. Ladhani).
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vaccinations, all of which disproportionately impact children from
disadvantaged backgrounds, thus exacerbating inequalities.?3

In England, COVID-19 cases started increasing rapidly from
March 2020, leading to school closures on 20 March and wider na-
tional lockdown on 26 March. Cases eventually plateaued in mid-
April and then declined gradually in May, allowing for phased eas-
ing of national lockdown.* From June 2020, preschool children and
some primary and secondary school years returned to school until
mid-July 2020. Strict infection control and physical distancing mea-
sures were implemented,® resulting in very few cases or outbreaks
in educational settings.5 These findings, together with experiences
of other countries,! led to the full reopening of all school years
during the Autumn term.” Unlike the summer half-term, however,

0163-4453/© 2021 Published by Elsevier Ltd on behalf of The British Infection Association.


https://doi.org/10.1016/j.jinf.2021.02.022
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2021.02.022&domain=pdf
mailto:shamez.ladhani@phe.gov.uk
https://doi.org/10.1016/j.jinf.2021.02.022
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community infection rates were higher across England,* and, while
extensive national guidelines were issued for educational settings,’
the large number of children attending school provided unprece-
dented challenges, particularly for maintaining physical distancing
within the educational environment. Additionally, the full reopen-
ing of schools increases the number of contacts students had both
within and outside educational settings, increasing the risk of in-
fection and transmission among school children, staff, their house-
hold members and potentially the wider community. We analysed
age-specific regional and national trends of SARS-CoV-2 infections
in England from the start of the summer holidays in July 2020 to
the full reopening of schools in September 2020 until the end of
2020 to better understand risks and trends in SARS-CoV-2 infec-
tions in school-aged children. We also assessed the impact of local
restrictions and national lockdown whilst keeping the schools open
during November 2020 on SARS-CoV-2 infection rates in students
and adults.

Methods

Public Health England (PHE) conducts SARS-CoV-2 surveillance
in England and receives daily electronic notifications of SARS-CoV-
2 tests through ‘Pillars’.’ In Pillar 1, SARS-CoV-2 RT-PCR tests are
undertaken by PHE laboratories and National Health Service (NHS)
hospitals for those with a clinical need and for health and care
workers. Pillar 2 includes results of Lateral Flow and SARS-CoV-2
RT-PCR tests in the community, which can be requested by any-
one with COVID-19 symptoms (fever, new onset cough or loss of
smell or taste). The data are collated electronically in the Second-
Generation Surveillance System (SGSS).

Timelines

SARS-CoV-2 infections confirmed by RT-PCR in England be-
tween 13 July (start of school summer holidays) and 27 December
2020 were analysed. This period included the start of the Autumn
term on 07 September, a week-long half-term break from 26 Octo-
ber for most schools and the end of term on 18 December 2020.
Because of increasing numbers of cases across different regions
in England, local tier restrictions were announced on 12 October
2020,% with Tier 1 representing medium alert, Tier 2 high alert
and Tier 3 very high alert.° Many parts of northern England and
the Midlands were placed in Tier 3 restrictions. Schools remained
open in all tiers. With cases continuing to increase nationally, na-
tional lockdown was imposed from 05 November to 02 December
2020, whilst keeping schools open.

Data analysis

SARS-CoV-2 tests in school-aged children were categorised by
corresponding school year; children born between 01 Septem-
ber and 31 August of the following calendar year were assigned
to their respective school years, including nursery [2-3 year-
olds], pre-school [3-4 year-olds], reception [4-5 year-olds], pri-
mary school years 1 [5-6 year-olds] to 6 [10-11 year-olds], and
secondary school years 7 [11-12 year-olds] to 13 [17-18 year-olds].
School years were then categorised into three educational set-
tings: preschools (nursery, preschool), primary schools (reception,
years 1-6) and secondary schools (years 7-13). In England, chil-
dren are educated in secondary schools until school year 11 (15—
16 year-olds) and then opt for higher education in school or col-
lege, apprenticeships or traineeship, as well as being employed,
self-employed or volunteering work. For this analysis, they were
grouped as a single cohort in school year 12 (16-17 year-olds) or
13 (17-18 year-olds).

68

Journal of Infection 82 (2021) 67-74

SARS-CoV-2 infection rates in school-aged children were com-
pared to two adult age-groups: all adults (16-64 year-olds rep-
resenting working-age adults) and young adults (18-29 year-olds,
the age group with the earliest, most rapid and highest increase
in SARS-CoV-2 infection rates during the second pandemic wave).*
Weekly SARS-CoV-2 infections were calculated using positive cases
from Monday to Sunday for each week. Positivity rates were cal-
culated by dividing the number of positive cases with total num-
ber of tests performed in that week. Mid-year estimates using
2019/2020 census data (www.statistics.gov) were used as denom-
inators for age and the nine PHE regions.!” Infection rate ratios
(IRRs) were used to compare weekly infection rates between age-
groups, educational settings and regions, using the group with the
lowest weekly infection rate as baseline.

Confidence intervals were calculated as follows:

Standard Error (SE), (LnIR) = (ell + é)

where el and e2 are the number of events in those populations
and

95% Confidence Interval (95%CI)=exp(LnIR + 1.96*SE(LnIR)

Linear regression was used to assess correlation between
weekly infection rates in the educational cohorts and adults (18-64
year-olds) in individual English regions. Correlation was assessed
for the week of 27 July 2020 (very low infection rates) and 12 Oc-
tober 2020 (very high infection rates). Daily growth rates and dou-
bling times were calculated using statistical software R with the
“i2extras” package and included positive cases from the last four
weeks before 31 August 2020 and before 19 October 2020.

Results
Infection rate during summer holidays

In England, the weekly SARS- CoV-2 infections rate during the
summer holidays (13 July to 30 August 2020) was low across all
age-groups. There was a consistent trend of increasing SARS-CoV-
2 infection rates with increasing age, from preschool-aged chil-
dren to young adults (18-29 years old) (Fig 1a), apart from school
year 11 having higher weekly infection rates than school year 12
(Fig. 2). During the four weeks prior to the start of the school
Autumn term (up to and including week beginning 31 August
2020), the daily growth rate of SARS-CoV2 infection rates was rel-
atively stable in preschool-aged and primary school-aged children,
but was increasing slowly in secondary school-aged children (daily
growth rate, r=0.00947; 95% CI: 0.00439 to 0.0146) (Supplement
Table S1). In young adults, cases had been increasing since 13 July
2020 and accelerated after 03 August 2020 (Fig. 1b).

Infection rates after schools reopening

During the week beginning 24 August 2020, there was an up-
ward inflection in weekly SARS-CoV-2 infection rates in both sec-
ondary and primary school-aged children but not in preschool chil-
dren. Weekly infection rates were higher in young adults than
in the three educational cohorts and increased rapidly after 14
September 2020, peaking during the week of 05 October 2020
when infection rates in young adults were 18.32 times (95%ClI,
16.42-20.44) higher than in preschool children and then plateaued
(Fig. 1, Supplement Table S2). During the week beginning 19 Oc-
tober 2020, just before the school half-term holidays, the dou-
bling time for SARS-CoV-2 infection rates was 18.2 (95%Cl, 15-22.3)
days in preschool-aged children, 20.4 (18.8-22.2) days in primary
school-aged and 30.1 (28.0-32.5) days in secondary school-aged
children (Supplement Table S1).
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Weekly infection rates of confirmed COVID-19 cases per 100,000 population for each school cohort and adult age groups, England.

69



SARS-CoV-2 infections in school-aged children

3500

3000 4

2500 4

2000

1500

1000 -

Number of COVID-19 tests per 100,000 population

o
=}
5]

Jul-13,
Sep-07

E=Preschool test rates
——Preschool positivity

B Primary school test rates
——Primary school positivity

Journal of Infection 82 (2021) 67-74

20%

18%

14%

10%

sajel AyAsod

8%

6%

4%

2%

0%

8

Nov-09
Nov-16
Nov-23
Nov-30
Dec-07
Dec-14
Dec-21

I Secondary school test rates
—Secondary school positivity

Fig. 3. Weekly COVID-19 test rates per 100,000 population and weekly COVID-19 positivity rates for preschool, primary and secondary school birth cohorts, England.

Age-specific incidence

From the time of schools reopening in September until the
week of 16 November 2020, SARS-CoV-2 infection rates remained
highest in young adults, followed by secondary, primary and then
preschool-aged children (Fig. 2), as evidenced by the weekly IRR
trends between these cohorts (Supplement Table S2). During the
week of 13 July 2020 (start of summer school holidays), the rel-
ative weekly SARS-CoV-2 infection rates compared to preschool-
aged children were 1.20 (95%CI, 0.88-1.64) for primary school-aged
children, 1.26 (95%CI, 0.92-1.72) for secondary school-aged chil-
dren and 3.91 (95%Cl, 2.93-5.21) for young adults. These rates in-
creased to 1.91 (95%Cl, 1.74-2.09), 5.17 (95%CI 4.73-5.65) and 10.73
(95%Cl, 9.84-11.71), respectively, during the week of 19 October
2020 (week before half-term holidays) (Supplement Table S2).

The same trends in weekly SARS-CoV-2 infection rates were
also observed in the weekly SARS-CoV-2 infection positivity rates
for the three educational settings, which increased throughout
the autumn half-term and peaked during the half-term week be-
ginning 26 October 2020, when positivity rates were 4.35% in
preschool-aged children, 10.37% in primary school-aged children
and 18.89% in secondary school-aged children (Fig. 3). This com-
pares with 0.70%, 1.21% and 2.70% during the week prior to schools
reopening (August 31, 2020).

Regional infection rates

The national trends in SARS-CoV-2 infection rates were also
observed across the nine English regions although peak infection
rates varied in the different regions. A strong and statistically sig-
nificant (P<0.001) correlation was observed between weekly SARS-
CoV-2 infection rates in adults and the three educational cohorts,
during both low (27 July 2020) and high (19 October 2020) na-
tional weekly incidence, with the strongest correlation observed
for secondary school-aged children (Fig. 5).
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Impact of school closure during half-term and national lockdown

SARS-CoV-2 infection rates dipped during the half-term school
break (week of 26 October 2020) and was associated with fewer
tests performed for all three educational cohorts, although pos-
itivity rates were highest during this week. The re-opening of
schools after the half-term was associated with continuing in-
crease in SARS-CoV-2 infection rates across all educational settings
and at the same rate as the weeks prior to the half-term holiday
(Fig. 1). In adults, trends in SARS-CoV-2 infection rates remained
unchanged.

Following national lockdown in 05 November 2020, cases in
adults plateaued and then fell rapidly. Similar trends were ob-
served in secondary and primary educational settings but with a
one-week lag, such that, for the first time in England, adult in-
fection rates fell below secondary school-aged children (Fig. 1).
Concomitant reductions in SARS-CoV-2 test numbers and positiv-
ity rates were observed (Fig. 3).

From 23 November, weekly infection rates plateaued in adults
and school-aged children, and then increased rapidly a week later
(Fig. 1). SARS-CoV-2 infection positivity rates, too, reached a nadir
in the same week and then increased rapidly until the end of the
year (Fig. 3). Regionally, the decline in weekly infection rates fol-
lowing national lockdown was most marked in areas with high
SARS-CoV-2 infection rates (>350/100,000), especially northern
England, where large declines were first observed in young adults
followed by secondary school-aged children, with smaller declines
in primary schools-aged and preschool-aged children (Fig. 4). In
the East of England, South East and in the London region, SARS-
CoV-2 infection rates were relatively low (<350/100,000) during
the second wave and, whilst national lockdown in November was
also associated with an initial decline in adult infection rates, these
declines were more moderate. In these regions, however, weekly
infection rates plateaued temporarily in school-aged children and
then increased rapidly across all three educational cohorts until
the end of the year (Fig. 4).
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Discussion

We used national surveillance data to monitor trends in weekly
SARS-CoV-2 infection rates in school-aged children following the
full reopening of all school years in September 2020. We found
that SARS-CoV-2 infection rates In England were very low during
early summer 2020, but started to increase from August 2020, ini-
tially in young adults, followed by secondary and primary school-
aged children, with little change in preschool-aged children. These
increases started before schools reopened and continued across all
educational cohorts until the end of the year. SARS-CoV-2 infec-
tions rates increased with age across the three educational settings
and lagged behind trends in young adults. There was a strong cor-
relation in regional weekly infection rates between adults and sec-
ondary school-aged children, during periods of both low and high
community incidence. The correlation was weaker but remained
statistically significant for primary school-aged and preschool-aged
children. National lockdown in November 2020 whilst keeping
schools open was associated with rapid declines in SARS-CoV-2 in-
fection rates, initially in young adults followed a week later by de-
clines by secondary school-aged children and then primary school-
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aged children. These trends were most noticeable in English re-
gions with moderate-to-high infection rates prior to lockdown. In-
fection rates in children, however, reached a nadir during the week
of 23 November 2020 and, in regions with lower SARS-CoV-2 in-
fection rates during the second wave, namely the South East, East
of England and the London region, increased in all three educa-
tional cohorts until the end of the year with the highest increases
observed in secondary school-aged children.

In England, SARS-CoV-2 RT-PCR testing is free and available to
individuals of any age with COVID-19 symptoms of fever, new on-
set cough, anosmia or ageusia. Whilst acknowledging that asymp-
tomatic infections will not be captured in this dataset and that
asymptomatic infections may vary across the age-groups, with
young children more likely to have asymptomatic and mild, tran-
sient infections than older children or adults,!! the observed trends
over time, especially relative to adults, should not be affected. We
observed a strong age effect, with SARS-CoV-2 infection rates in-
creasing with each school year-group, except in school year 12
(higher education/college) which was lower than in year 11 (final
year of secondary school). We speculate that the students in the
final year of secondary schools were more likely to have a wider



SARS-CoV-2 infections in school-aged children

Journal of Infection 82 (2021) 67-74

a 16
Age 2rou Correlation| Coefficient of
S g€ group coefficient |determination R?
_"_c:’ 14 Preschool cohort 0.1882 0.693
S Primary school cohort 0.315 0.9221
=
S 12 |Secondary school cohort|  0.4739 0.8594
8
=)
o
—
«. 10 -
D) Y
2 o
4]
©
= 8 2=
s
I
T
Y
>
o]
(&)
B 4
[
<
(%]
=
=4
3 2
=
0
0 5 10 15: 20 25 30 35
Weekly SARS-CoV-2 infection Rates per 100,000 in Adults
® Preschool cohort ® Primary school cohort Secondary school cohort
------- Linear (Preschool cohort) Linear (Primary school cohort) Linear (Secondary school cohort)
b
350 - —
5 Age arou Correlation| Coefficient of
= ge group coefficient |determination R?
=
Q300 Preschool cohort 0.1174 0.8347
=3 Primary school cohort 0.2203 0.9339
o
S 10 Secondary school cohort| 0.5832 0.9661
-
9]
0.
3
T 200
=
=)
i3]
QL
‘150
2y
& o
o]
o
¢ 100
<
%]
=
-
$§ 0
=
0
0 100 200 300 400 500 600
Weekly SARS-CoV-2 infection rates per 100,000in Adults
® Preschool cohort ® Primary school cohort Secondary school cohort

Linear (Preschool cohort)

Linear (Primary school cohort)

Linear (Secondary school cohort)

Fig. 5. Correlation between weekly SARS-CoV-2 infection rates in adults (18-64 years old) and school cohorts across the nine different regions in England, along with linear
regression, correlation coefficient and coefficient of determination R? for the week starting (A) 27 July 2020 (low community infection rates) and (B) 19 October 2020 (low

community infection rates).

network of contacts compared to those in the year 12, who may be
starting higher education in a different school, attending college or
beginning an apprenticeship outside the educational setting.

The full reopening of school during the Autumn term raised
important questions about the risk of SARS-CoV-2 infection and
transmission both within and outside educational settings. Even
if very few children became infected, the large numbers of chil-
dren returning to school significantly increased their average num-
ber of contacts and, therefore, opportunities for transmission. So
far, investigations focusing on individual outbreaks generally re-
ported low rates of transmission among pupils and staff, especially
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in preschool and primary school settings.%12:13 Some countries had
kept their schools open during their lockdown and did not see
any increase in cases among children or in the wider commu-
nity.! Large outbreaks have, however, been reported in secondary
schools, possibly because older children may be more susceptible
and more efficient transmitters of the virus than younger children,
as well as having different behavioural contact patterns with each
other and those around them.!416

During the summer half-term in England, the reopening of
preschools and some primary school years, along with strict in-
fection control measures,” was associated with very few cases or
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outbreaks, with more than half the outbreaks affecting staff only.
Similar experiences were reported in Germany, Netherlands and
other European countries during summer 2020.!7:18

It has been proposed that the decision to reopen schools should
be based on indicators of low community infection rates (based
on incidence or test positivity rates) and the ability of schools
to implement safe physical distancing and infection control mea-
sures.”»'¥ We found a strong correlation in weekly infection rates
between adults and all three educational cohorts during periods
of both low and high community infection rates. This correla-
tion was strongest for secondary school-aged children and less so
for preschool-aged children, which is plausible because secondary
school-aged students are only just younger than the young adults
and likely to have similar social contacts and behaviour patterns as
young adults.

Notably, too, the implementation of a second national lock-
down whilst keeping schools open in November 2020 was asso-
ciated with rapid and large declines in adult infection rates na-
tionally and across most English regions, especially those expe-
riencing the highest infection rates. In these regions, it is likely
that the 3-tier system, where regions with the highest infection
rates were placed into Tier 3 (very high alert) from 12 October
2020, also helped control the spread of the virus and could ex-
plain the rapid decline in infection rates as soon as national lock-
down was announced.” By the end of November 2020, infection
rates in secondary school-aged children were, for the first time
in England, higher than in young adults but, soon after, infection
rates started increasing rapidly across all age-groups until the end
of the year, especially in the South East, East of England and the
London region. These increases were subsequently associated with
rapid spread of a novel variant of concern (VOC-202012/01; B.1.1.7),
which is more transmissible than pre-existing strains.2’

Strengths and limitations

The strength of this analysis lies in the near real-time avail-
ability of national and regional surveillance data during a period
when widespread testing was available. The large volume of tests
and the consistency of reporting have provided a wealth of infor-
mation on (symptomatic) disease burden, whilst the consistency
of testing has provided useful insight on disease trends across age-
groups and over time. We, however, do not have information on
the reason for testing, potential source of infection among positive
cases or illness severity. Additionally, our data, however, only in-
cluded cases that presented to a national testing centre, primarily
because they had COVID-19 symptoms, and may be subject to bias
testing behaviour in the different age-groups and, potentially, over
time. It is, for example, likely that the incentive to get tested will
be low, especially for mild or atypical symptoms, because of the
self-imposed isolation period for positive cases and their house-
hold members. These, along with lack of testing in asymptomatic
individuals, would have had an impact on the analysis, especially
because asymptomatic infections are likely to be different across
the age-groups.!! The contribution of asymptomatic infections in
each age-group, however, remains uncertain. A recent school infec-
tion survey, for example, identified asymptomatic infections in 1.5%
of secondary school students compared to 0.9% of primary school
students in England, although this difference was not statistically
significant.?! We also analysed data according to the age of the
children and their corresponding school year, but without knowl-
edge of whether they were attending school, although school at-
tendance rates in state-funded remained very high throughout the
autumn term.22 Another important limitation is that schools closed
soon after the emergence of the novel SARS-CoV-2 variant of con-
cern in late November and are yet to re-open in England. Ongo-
ing surveillance, ideally supplemented with genomic surveillance
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of circulating strains, will be critical for monitoring SARS-CoV-2 in-
fection and transmission when schools reopen in 2021.

Conclusions

Our data show that, in England, childhood cases closely fol-
lowed adult infection rates and national lockdown whilst keeping
schools open was associated with large declines in SARS-CoV-2 in-
fection rates, first in adults and then in school-aged children. The
strong regional correlation between adult and childhood infection
rates highlights the important of maintaining low community in-
fection rates to allow schools to remain open safely through the
pandemic.
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