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Objectives: In this ecological study, we describe SARS-CoV-2 case incidence and COVID-19 hospitalisation
and death rates for school-aged and adult populations during the Delta and early Omicron periods, before
and after schools reopened in five countries.

Methods: Data were extracted from government websites. Cases and COVID-19 hospitalisation and death

Iég’\;’;’]gnli‘; incidence rates were calculated during the Delta and early Omicron periods in Australia, Canada, Denmark,
SARS- C_oV—2 Finland and the United Kingdom, for two weeks preceding and six weeks after schools reopened. We
School summarised stringency of public health measures (GRI), COVID-19 vaccination rates by age and SARS-CoV-2

testing rates.
Results: During Delta, cases increased in 2/7 sites after schools reopened, hospitalisations increased in 1/5
sites, while deaths decreased in one and increased then decreased in another. During Omicron, cases in-
creased in 2/8 sites, hospitalisations increased in 1/6 sites and deaths increased in 1/4 sites. The hospita-
lisation and death rate trends that commenced before schools reopened continued on the same trajectory
after schools reopened. Vaccination rates in >70-year-olds were 75-100% during Delta and 95-100% during
Omicron. Wide variations in testing rates may explain differences in case incidence. GRI were higher and
more variable during Delta than during Omicron.
Conclusions: Reopening schools did not change the existing trajectory of COVID-19 rates.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Community transmission

Introduction

One of the most controversial public health and safety measures
adopted during the coronavirus disease 2019 (COVID-19) pandemic
were school closures. An estimated 1.6 billion students were moved
to remote learning during the peak of school closures with wide-
spread impacts on the provision of services,"” resulting in negative
effects on the cognitive, social, emotional and physical development
of children and adolescents.” Despite many countries adopting this
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strategy in the early phases of the pandemic, the impact of school
closures on COVID-19 epidemiology remains unclear.

Some severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
transmission and disease models found that opening schools without
appropriate capacity for mitigation measures would introduce another
wave of SARS-CoV-2 infections.” In contrast, observational studies during
the first two years of the pandemic found minimal or no evidence that
onsite learning in school settings increased community transmission.” '
In 2020, a comparison between Finland and Sweden, two similar
countries that applied different school-based measures during the
pandemic, found that school closures had no measurable direct impact
on the number of laboratory-confirmed cases in school-aged children in
either country."” A retrospective study in Victoria, Australia, in 2020
found that schools mirror community transmission during periods of
low community transmission.'” Other studies also found that when
schools were open for onsite learning with appropriate infection pre-
vention and containment measures, within-school transmission mir-
rored that of community transmission.'*'> Additionally, household
transmission studies found that living with a child was either protective
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or had no to minimal increased risk of infection for adults in the
household.'"'® However, most of these household and school studies
were undertaken before the emergence of the Delta and Omicron sub-
variants, which are more transmissible variants of concern than prior
strains.

In this ecological study, we describe the epidemiology of SARS-
CoV-2 in the context of returning to onsite schooling after a period of
school holidays or school closures. Specifically, we describe age-
stratified SARS-CoV-2 case incidence, COVID-19 hospitalisation rates
and COVID-19 death rates in Australia, Canada, Denmark, Finland
and the United Kingdom (UK) during the Delta and the early
Omicron periods when schools were reopening. Additionally, we
undertook a rapid literature review to summarise SARS-CoV-2 epi-
demiology following school reopening.

Methods
Study design

This ecological study describes SARS-CoV-2 epidemiology in the
context of return to onsite schooling in Australia, Canada, Denmark,
Finland and the UK (England and Scotland). These countries were
chosen as their SARS-CoV-2 testing was free of charge with wide-
spread availability, age-stratified surveillance data for the outcomes
of interest were publicly available, and data were reported in
English.

Outcomes

We included SARS-CoV-2 cases, COVID-19 hospitalisation and
COVID-19 death data from government surveillance websites
(Supplementary S1). For Australia, we included state and territory-
specific data from the Australian Capital Territory (ACT), New South
Wales (NSW), Queensland, Tasmania, and Victoria as they were re-
ported separately, and the epidemic varied by jurisdiction. Only
Victoria and NSW had Delta outbreaks, while the other jurisdictions
had no cases due to zero-COVID policies. For the UK, we included
country-specific data from England and Scotland.

Timeframe

Observation periods during the Delta and early Omicron variants
included the two weeks prior to reopening (holiday or school clo-
sure) and the six weeks following (post-holiday or post-school clo-
sure) the reopening of schools for onsite learning in each
jurisdiction, subject to data availability (Table 1). This would allow
for any impact of school reopening to be seen in COVID-19 hospi-
talisations and death epidemiology. For each variant, we focused on
the first school term where schools fully resumed onsite schooling.
Australian school dates (i.e. school holiday, COVID-19 closure, partial
closure or fully onsite) were sourced from their respective govern-
ment websites (Supplementary S1). School dates of other countries
were sourced from the COVID-19 Education Response dashboard.”

Covariates

Transmission of SARS-CoV-2 is affected by other public health
and social measures (PHSM). We utilised the COVID-19 Government
Response Tracker as an indicator of the strictness of PHSM at any
specific time during the study period (Supplementary S2), noting
that this provides the highest level of stringency despite there being
variation at sub-national level.”° COVID-19 vaccination re-
commendations and coverage rates were obtained from their re-
spective government websites (Supplementary S1). COVID-19
testing rates were obtained from Our World in Data.”!
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Data analysis

Data analysis was performed on Stata BE 18.0. We calculated
rates of SARS-CoV-2 cases, COVID-19 hospitalisations and COVID-19
deaths in each country.

We divided the population into three age groups, namely pri-
mary school-aged children (5-11 years), secondary school-aged
children (12-17 years) and non-school-aged people (all other age
groups). Age-stratified SARS-CoV-2 case incidence, hospitalisation
rates and death rates were calculated by dividing the total number of
cases, hospitalisations or deaths on a particular day or week by the
total population size, for each age group. Population data were ob-
tained from their respective government websites (Supplementary
S1). Moving seven-day averages were calculated where daily counts
were provided, while seven-day averages were calculated where
weekly counts were provided. In instances where the reported case
counts did not align with our predefined age categories, we stan-
dardised the counts by dividing them by the number of age groups
within the provided category. Subsequently, case counts were re-
calculated based on our predefined age categories. Similarly, when
data were reported as rates instead of counts and did not correspond
to our age categories, we adjusted by multiplying these rates by the
age-specific population size to estimate the number of cases in each
age category. This estimated number of cases was used to calculate
the rates for our predefined age categories. Rates were described as
SARS-CoV-2 cases, COVID-19 hospitalisations or COVID-19 deaths
per week per 100,000 individuals for each age group. A narrative
synthesis was undertaken to describe trends for each site and across
sites, where possible.

Search strategy for the rapid literature review summarising SARS-CoV-2
epidemiology following school reopening

We searched PubMed on 11 December 2024 for observational
studies and systematic reviews with the search terms: "school re-
opening" AND ("COVID-19" OR "SARS-CoV-2") AND ("community
rates” OR "community incidence” OR "hospitalization” OR "death"
OR "excess mortality"). Observational studies describing the epide-
miology of SARS-CoV-2 community case incidence, COVID-19 hos-
pitalisations, COVID-19 deaths and/or excess mortality in non-
school-aged people following reopening were included after title,
abstract and full-text screening by one reviewer (DSO). Modelling
studies were excluded. We also searched the references from re-
levant systematic reviews and included any additional eligible stu-
dies that were not found in the initial literature search.

Results

The availability of SARS-CoV-2 case, COVID-19 hospitalisation
and COVID-19 death data varied between countries and jurisdictions
(Table 1). As expected, there was typically a two- to four-week lag
between cases and hospitalisations and deaths.

SARS-CoV-2 case definitions, testing requirements and testing
rates varied by site and observation period (Table 2). Age-stratified
testing data were not available (Supplementary S3). All countries
and jurisdictions implemented two-dose COVID-19 vaccination re-
commendations for all adults and children aged 12-17 years in 2021.
Two-dose recommendations for children aged 5-11 years were im-
plemented in late 2021 to early 2022 (Table 2).

Delta period

Detailed trends for each country and jurisdiction during the Delta
observation period are shown in Fig. 1, Table 3 and described in
Supplementary S4. Following school reopening, case incidence de-
creased in three sites (NSW, Victoria and Scotland) and increased
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Table 1
Observation periods for each COVID-19 outcome, by country and jurisdiction.
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Country Outcome Delta observation period Omicron observation period
Australia ACT Cases N/A 10/04/2022 - 29/05/2022°
Hospitalisations N/A 10/04/2022 - 29/05/2022"
Deaths N/A N/A
NSW Cases 18/09/2021 - 15/11/2021" 14/01/2022 - 10/03/2022"
Hospitalisations 18/09/2021 - 13/11/2021° 20/02/2022 - 12/03/2022*¢
Deaths 18/09/2021 - 13/11/2021° 15/01/2022 - 12/03/2022°
QLD Cases N/A 28/01/2022 - 24/03/2022°
Hospitalisations N/A N/A
Deaths N/A N/A
TAS Cases N/A 16/04/2022 - 28/05/2022°
Hospitalisations N/A 16/04/2022 - 28/05/2022°
Deaths N/A 16/04/2022 - 28/05/2022°
VIC Cases 21/09/2021 - 15/11/2021° N/A
Hospitalisations N/A N/A
Deaths N/A N/A
Canada Cases 19/08/2021 - 13/10/2021" 27/12/2021 - 20/02/2022°
Hospitalisations N/A N/A
Deaths N/A N/A
Denmark Cases 26/07/2021 - 13/09/2021° 20/12/2021 - 07/02/2022°
Hospitalisations 26/07/2021 - 13/09/2021° 20/12/2021 - 07/02/2022°
Deaths N/A 20/12/2021 - 07/02/2022*
Finland Cases 26/07/2021 - 13/09/2021° 27/12/2021 - 14/02/2022°
Hospitalisations 26/07/2021 - 13/09/2021° 27/12/2021 - 14/02/2022°
Deaths N/A N/A
United Kingdom England Cases 16/08/2021 - 04/10/2021° 20/12/2021 - 07/02/2022
Hospitalisations 16/08/2021 - 04/10/2021° 20/12/2021 - 07/02/2022°
Deaths N/A N/A
Scotland Cases 18/08/2021 - 12/10/2021" 18/12/2021 - 11/02/2022°
Hospitalisations 22/08/2021 - 10/10/2021° 19/12/2021 - 06/02/2022°
Deaths 18/08/2021 - 12/10/2021" 18/12/2021 - 11/02/2022°

ACT: Australian Capital Territory; NSW: New South Wales; QLD: Queensland; TAS: Tasmania; VIC: Victoria; N/A: Data not available.

2 Covers the week starting with the specified dates due to use of weekly data.

b Plotted as moving seven-day averages due to availability of daily data, rather than weekly data as for other countries and outcomes.

€ Only three weeks of data were available.

then decreased in two sites (Canada and Finland). In Denmark, case
incidence increased then fluctuated in primary school-aged children,
decreased in secondary school-aged children and remained stable in
non-school aged people.

Case rates were generally higher for school-aged children than
non-school-aged people. Testing rates ranged from 1.66 to 16.01
tests per 1000 people, with the lowest rates in Canada and Finland
and the highest rates in England and Scotland. Case incidence ranged
from approximately 5 to 400, 5 to 450 and 3 to 200 cases per
100,000 people in primary school-aged children, secondary school-
aged children and non-school-aged people, respectively. School
based testing was available in NSW, Canada and England.

For the five sites with hospitalisation data, following school re-
opening, hospitalisations in NSW, England and Scotland declined
overall but remained relatively stable overall in Denmark and
Finland. For the two jurisdictions with death data, deaths decreased
in NSW but initially increased before declining in Scotland.
Hospitalisation rates varied by up to 12 times in non-school age
population between sites. Denmark and Finland were similar at 1.5
to 2 per 100,000 (Fig. 1). NSW ranged from <5 to 15 per 100,000.
England was 6 to 8 per 100,000 and Scotland 12 to 18 per 100,000.

Death rates in the non-school-aged population were similar in
the two sites with data (Fig. 1). In NSW, death rates were 0.3 to 1 per
100,000, and in Scotland were 0.4 to 1 per 100,000.

COVID-19 vaccination coverage rates varied between countries
and jurisdictions. Coverage was high in the >70-year age group
(75-100%) and highest in Scotland (100%). In the 16-17-year age
group, coverage was also highest in Scotland (16%). In the 12-15-
year age group, vaccination coverage was highest in Victoria (79%).
Finland was the first country to recommend a two-dose schedule for
the 16-17-year age group (early 2021) and Canada for the 12-17-
year age group (May 2021). During the Delta period, all countries

and jurisdictions had not recommended vaccination for the 5-11-
year age group.

For 4/7 sites, the GRI was 60 to 80. The GRI was lowest in Finland,
England and Scotland at 40 to 50. The GRI was higher during Delta
and varied more between countries than during the early Omicron
period.

Omicron period

Detailed trends for each country and jurisdiction for the Omicron
observation period are shown in Fig. 2, Table 3 and described in
Supplementary S4. Following school reopening, case incidence de-
creased in three jurisdictions (Canada, England and Scotland), de-
creased then increased in one jurisdiction (NSW), was stable in one
jurisdiction (Tasmania), increased then decreased in two jurisdic-
tions (ACT and Finland) and increased in two jurisdictions
(Queensland and Denmark).

Case rates were generally higher for school-aged children than
non-school-aged people in NSW, Queensland, Finland and Scotland,
while the opposite was observed in Tasmania, Canada, Denmark and
England. Compared to non-school-aged people in the ACT, secondary
school-aged children generally had higher and primary school-aged
children had lower case rates. Testing rates ranged from 1.66 to
32.89 tests per 1000 people, with the lowest rates in Canada and the
highest rates in Denmark. School-based testing was available in the
ACT, Queensland, Finland and Scotland.

For the six sites with hospitalisation data, following school re-
opening, hospitalisations decreased in two countries (England and
Scotland), was stable in two countries (Denmark and Finland), in-
itially increased then decreased in one jurisdiction (ACT) and fluc-
tuated in one jurisdiction (Tasmania). For the four sites with death
data, deaths decreased in one jurisdiction (NSW), increased then
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Country/Jurisdiction Cases Hospitalisations Deaths
\ 3 - —
\ : 3
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Australia - VIC ! / Data not available Data not available
_‘ Ll /’”"\IR\
Canada : ' A — Data not available Data not available
H
7\ : -1
i N i :
Denmark : N~ 3 o § Data not available
i - i \/\\
.\\
r f\\/’\\ 4 s
Finland 4 | - { Data not available
h i —
—~ S
\ /
B AN 3 .
i 1 }
United Kingdom - i H ol .
England : 3 i Data not available
i i
i —_— 1k
! A\ i3 ;
: \ 1 - -
United Kingdom - ~ 1
Scotland 5 S H ! fae
: SN} i S
3 3 L — il
_

Fig. 1. Rates of SARS-CoV-2 cases, COVID-19 hospitalisations, and COVID-19 deaths per 100,000 population in Australia, Canada, Denmark, Finland, England and Scotland during
the Delta period, stratified by age group. The observation period covers two weeks prior to and six weeks after school reopening (i.e. during school holiday/closure and following
reopening period). Rates are presented as seven-day or moving seven-day averages depending on data availability. The lines represent primary school-aged children (purple),
secondary school-aged children (green) and non-school-aged people (orange). School holidays/closures are shaded grey. Partial school reopenings (combination of in-person and
online learning) are shaded yellow. Stringency of government measures is shown as a dotted line. The first confirmed cases of the Omicron variant in England and Scotland were
detected towards the end of their respective observation periods and are denoted by the vertical blue lines. NSW: New South Wales; VIC: Victoria.
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Country/Jurisdiction

Australia - ACT

Australia - NSW

Australia - QLD

Australia - TAS

Canada

Denmark

Finland

United Kingdom -
England

United Kingdom -
Scotland

Hospitalisations

Journal of Infection 90 (2025) 106390

Deaths

Data not available

Data not available

Data not available

Data not available

Data not available

Data not available

Data not available

Fig. 2. Rates of SARS-CoV-2 cases, COVID-19 hospitalisations, and COVID-19 deaths per 100,000 population in Australia, Canada, Denmark, Finland, England and Scotland during
the first six months of the Omicron period, stratified by age group. The observation period covers two weeks prior to and six weeks after school reopening (i.e. during school
holiday/closure and following reopening period). Rates are presented as seven-day or moving seven-day averages depending on data availability. The lines represent primary
school-aged children (purple), secondary school-aged children (green) and non-school-aged people (orange). School holidays/closures are shaded grey. Partial school reopenings
(combination of in-person and online learning) are shaded yellow. Stringency of government measures is shown as a dotted line. ACT: Australian Capital Territory; NSW: New

South Wales; QLD: Queensland; TAS: Tasmania.
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decreased in one country (Scotland), increased in one country
(Denmark) and fluctuated in one jurisdiction (Tasmania).

Hospitalisation rates varied by up to 10 times in the non-school-
aged population between sites. The highest rates were in Tasmania
(20 to 30 per 100,000) and England (15 to 20 per 100,000). Denmark
and Finland rates were the lowest at 3 and 8 per 100,000, respec-
tively (Fig. 1). There was marked variation in Australian jurisdictions
and ranged from 4 to 30 per 100,000.

Death rates in non-school-aged population ranged from 0.5 to 4.5
per 100,000 (Fig. 1). Death rates were highest in Queensland (1 to 4.5
per 100,000) and Denmark (2 to 4 per 100,000) and lowest in
Scotland (0.5 to 1 per 100,000) and Tasmania (1 to 2 per 100,000).

COVID-19 vaccination coverage rates for the elderly were very
high (95-100%). During the Omicron period, coverage was highest in
the >50-year age group in the ACT and Tasmania (> 99%) and the >70-
year age group in Scotland (100%). In the 16-17-year age group,
coverage was highest in Scotland (57%). In the 5-11 and 12-15-year
age groups, coverage was highest in the ACT (68% and > 99%).

The GRI was the highest in Canada (60), 40 to 50 in Australia, and
the lowest in Finland, England and Scotland (30 to 40). The GRI
during Omicron was lower than Delta.

Findings from the rapid literature review summarising SARS-CoV-2
epidemiology following school reopening

The literature search resulted in a total of 19 studies, of which
two were eligible. We included 12 additional studies that were not
found during the initial literature search. Of the 14 included studies,
five were retrospective data reviews, three were ecological studies,
two were difference-in-difference analyses using surveillance data
and there was one retrospective cohort study, one interrupted-time
series analysis, one mixed ecological study and retrospective review,
and one observational study which compared the observed data to a
modelled counterfactual (Table 4). For SARS-CoV-2 case counts or
incidence following school reopening, there were 12 studies - two
studies reported an increase, one reported a decrease, four reported
no difference and five reported inconsistent patterns. One study
reported that SARS-CoV-2 reproduction numbers increased in 16 of
26 countries in the European Union up to six weeks after re-
opening,”? but it was unclear whether there were testing changes
during this time. Only seven studies adjusted for confounders, in-
cluding testing rates, age, socioeconomic status, movement patterns
and PHSM, but none adjusted for occupational status and household
size. For COVID-19 hospitalisations, there were only two studies -
one study reported a decrease and one reported inconsistent pat-
terns following school reopening. For COVID-19 deaths, there were
only two studies - one study reported no difference and one re-
ported inconsistent patterns following school reopening. COVID-19
vaccination coverage was reported for one study. No studies re-
ported excess mortality as an outcome.

Discussion

Our ecological study described the epidemiology of SARS-CoV-2
cases and COVID-19 hospitalisations and deaths in Australia, Canada,
Denmark, Finland and the UK during the Delta and early Omicron
periods before and immediately after schools were reopened for
onsite learning. The main public health concern with schools being
open for onsite learning was whether this would result in an in-
crease in hospitalisations and deaths for those most at risk. Although
children rarely experience severe disease, as confirmed in this ana-
lysis, they still transmit the virus. We found that there were no
consistent patterns in case, hospitalisation or death rates, irrespec-
tive of whether schools were open for onsite learning or not. During
the Delta period, there was no increase in hospitalisations except in
Denmark, while noting that COVID-19 hospitalisations included both
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incidental cases and admissions due to COVID-19. Therefore, it is not
known what proportion of the hospitalisation data reflect commu-
nity cases rather than COVID-19 disease. Only two sites had data
available for deaths, which decreased in NSW, but in Scotland deaths
initially increased before declining. During the first two waves of
Omicron, hospitalisations either declined or remained stable except
one site where it increased (ACT). For deaths, two of the four sites
increased (Denmark and Scotland). However, deaths then declined in
Scotland after schools reopened.

Most importantly, we found that the existing trajectory for hos-
pitalisations and deaths during the school holidays (either in-
creasing or decreasing) continued on the same trend upon schools
reopening for onsite learning. Our findings are consistent with a
review including nine observational studies which was conducted in
October 2022 and found that schools do not substantially contribute
to community incidence, hospitalisations, or mortality but there was
low certainty in their findings due to the quality of included stu-
dies.* Several studies found transmission of SARS-CoV-2 between
school students, although this did not translate into an increase in
community transmission.'” ' Instead, community waves corre-
sponded to the emergence of new subvariants, which could be ex-
plained in part by waning immunity and immune escape.’ *” Qur
rapid review found an additional eight studies to the 2022 review.
Seven of these studies reported increased community rates of SARS-
CoV-2 following school reopening,'" 22 24 28 29 32. 33 byt only one
study adjusted for testing rates,”® while the other studies had not
adjusted for important potential confounders, including testing rates
which may have changed over time. Only two studies reported on
hospitalisation and death rates, both of which reported inconsistent
findings. As such, our study is the largest study reporting on the
effect of school reopening on hospitalisations and deaths to date.
Additionally, most of these studies were conducted during the an-
cestral variant and prior to the availability of COVID-19 vaccines and
when the population was naive, so any correlations may be less
relevant in the current context of higher population immunity.

Although we did not have information on site-specific school mi-
tigation measures, GRI levels indicate that the observed trends may
have had little to do with community PHSM. This is further exemplified
by the dramatic decline in COVID-19 deaths since Omicron in 2022 and
2023 (mostly due to high coverage of highly effective vaccines) despite
schools returning to normal and easing of most PHSM.>® In more recent
years, quantitative sewage surveillance of SARS-CoV-2 showed con-
siderable fluctuations over time which appeared independent of onsite
schooling. These fluctuations most likely reflected changes in popula-
tion immunity as new variants arise as most PHSM including school
mitigation measures were eased by mid 2022, and all countries had
schools open for onsite schooling from 2022.*°

Meta-analyses have shown that children are not the primary
drivers of SARS-CoV-2 transmission in households and community
settings, although transmissibility may increase with newly emer-
ging variants.”’ There are known age-related differences in the pa-
thophysiology and immunity in children, and young children are
known to clear the virus much more efficiently than adults.*" ** An
ecological study from Portugal in the months preceding the emer-
gence of Delta found that the addition of school closures alongside
lockdowns was effective in reducing COVID-19 incidence, but the
authors state that these findings may have been confounded by
other factors such as subsequent changes in familial mobility
trends.*> A natural experiment in Ireland from October 2020 to
January 2021, demonstrated that during stage five lockdowns
schools remained open for onsite schooling for all school-age chil-
dren (primary schoolers did not wear masks) and RO declined to < 1.
When lockdowns were lifted and schools were closed for a two week
period over the Christmas period, RO became greater than 1. When
school reopened for onsite schooling in January 2021, RO declined to
<1. Other studies have found an association between increased
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school attendance and infections within schools, but this did not
impact community tranmission, suggesting that community PHSMs
would be more suitable to mitigate transmission rather than school
closures. Our observations also support these findings as there were
no consistent patterns of cases, hospitalisations and deaths fol-
lowing school reopening in all sites with both variants.

Case incidence rates varied considerably across sites. This is un-
surprising given substantial differences in testing rates and is
therefore likely to be a substantial underestimate of all cases. An
Australian serosurvey during the Delta period found that different
jurisdictions had similar evidence of prior infection across all pae-
diatric age groups, which may suggest that varied testing re-
commendations and PHSM is likely to account for some of the
variation in case incidence.** We found that overall case rates were
higher in school-aged children but as there were no data on testing
rates by age group, it is not possible to determine whether this is a
true age difference, or reflects testing differences due to school-
based testing programs. During the Delta period, of the seven sites
that had case data, rates in primary school-aged children versus
secondary school-aged children were higher in Canada and Den-
mark, lower in Victoria, Finland and England, and similar in NSW
and Scotland. A serosurvey during the tail end of England’s Delta
period found that seroprevalence was 40% and 82% in primary and
secondary school students, respectively.”> During the Omicron
period, only Queensland and Scotland had higher case rates in pri-
mary school-aged children compared to secondary school-aged
children. Vaccination coverage in school-aged children varied con-
siderably between sites during this period. However, vaccinating
children may not have had a considerable effect on transmission as
an analysis from England found that case incidence in secondary
schools remained low when community infection rates were low,
even with the introduction of the Delta variant and ineligibility of
children to receive COVID-19 vaccines at the time."°

Differences in the case incidence between sites may also be ex-
plained by differences in school mitigations measures and other
factors. The rapid review from 2022 explored the role of schools in
transmission and found that secondary attack rates were low within
school settings when infection prevention and control measures
were in place (moderate certainty).>> The review found that masks
may reduce transmission, test-to-stay policies may not increase
transmission risk compared with mandatory quarantine, cohorting
and hybrid learning may make little to no difference in transmission
(low certainty), and the effect of surveillance testing within schools
remained inconclusive (very low certainty). A Cochrane review in
2024 of school-based mitigation measures found moderate certainty
of evidence favouring the use of ventilation measures and daily
testing strategies.”” Another systematic review in 2024 on masks in
children found that real-world effectiveness of child mask mandates
against SARS-CoV-2 transmission or infection found no evidence of
effectiveness but the studies were of low quality.”® In Australia, a
modelling study compared different school testing strategies and
found that implementation of school-based asymptomatic screening
could reduce both infections and loss of in-person teaching days,
especially when community prevalence was high.*® Test-to-stay
strategies were as effective in reducing school infections as home
quarantining close contacts, without the associated loss of in-person
learning. In our study, these school-based testing strategies varied
considerably by country, but it is unknown to what degree they were
effective.

During Delta, the variation in hospitalisation rates were unlikely
to be due to school reopening but instead due to differences in
hospital testing practices and other factors not captured in this
analysis, such as admission criteria and the prevalence of non-
communicable diseases and other risk factors. NSW had similar rates
of hospitalisation to England while having double the GRI and lower
vaccination coverage in the elderly (75% vs 93%). Finland had the
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lowest hospitalisation rates, one of the lowest GRI, one of the lowest
community testing rates, and similar vaccination coverage in the
elderly as England. Denmark had one of the highest community
testing rates but had similar hospitalisation rates to Finland.
Scotland had two-fold higher hospitalisation rates than England
despite similarly high vaccination coverage in the elderly and the
GRI in Scotland being higher. The highest hospitalisations rates were
low at 18 per 100,000. The highest death rates were 1 per 100,000.

Similarly, during Omicron, the variation in hospitalisation rates
between sites was also likely due to differences in hospital testing
practices and other factors unrelated to schools reopening. GRI did
not seem to explain this variation as the GRI level was relatively
similar across all sites and was lower than during Delta. Vaccination
coverage in the elderly was also similar across sites. There were
eight-fold differences in hospitalisation rates between Australian
jurisdictions despite similarly high vaccination rates and GRI. Death
rates were double between Tasmania and NSW which indicates ei-
ther differences in coding or differences in care practices. For the
two sites that had data for both Delta and Omicron (NSW and
Scotland), hospitalisations rates were lower but deaths rates higher
during Omicron in NSW, and hospitalisation rates were also lower
but death rates stayed the same in Scotland. The true hospitalisation
rates (after removing the "with" COVID-19 hospitalisations) were
likely to be about 4 per 100,000 as the marked variation between
Australian juridictions suggests that the higher rates were most
likely due to testing and coding practices and admission criteria
rather than reflecting any true difference in disease burden. The
death rates during Omicron were higher than during Delta (4.5 vs 1
per 100,000) but were still low.

To our knowledge, this is the first multi-jurisdictional summary
of the impact of school reopening on SARS-CoV-2 epidemiology. Our
approach enabled comparative descriptions between countries and
jurisdictions and age groups. However, our analysis has limitations.
Firstly, given the ecological design of this analysis, we were unable to
draw any causal inferences between school reopening and case,
hospitalisation and death rates as we could not account for con-
founding factors and differences in coding and admission practices.
Although GRI and vaccination coverage were available, other con-
founders such as testing rates by age group were not available.
Secondly, some differences in trends occurred across sites but we
were not able to ascertain the effect of school mitigation measures,
which likely differed by setting. Nevertheless, we were able to de-
scribe population-level trends of SARS-CoV-2 epidemiology in the
context of school reopening across multiple jurisdictions. Thirdly, we
had incomplete data as we relied on publicly available datasets from
government websites. This may be incomplete and likely prone to
sampling bias for cases. This also limits generalising our findings to
low- and middle-income countries which were not included in our
analysis. Additionally, differences in coding practices and health
system factors make direct comparisons across sites problematic.
Nevertheless, it is the trends rather than the absolute rates which
were most relevant for our analysis.

Our findings contribute to the evidence that reopening schools
did not alter the pre-existing trajectory of COVID-19 hospitalisations
and deaths during the Delta and early Omicron periods. Our findings
show that there were no consistent patterns to case, hospitalisation
or death rates in each country or jurisdiction, irrespective of whether
schools were open for onsite learning or changes to PHSM. School
closures were adopted by many countries as part of a suite of PHSM
but in the future should only be implemented where there is strong
evidence of effectiveness. Predesigned and approved study proto-
cols, along with scenario-based planning for schools are needed to
prepare for the next pandemic. The negative consequences on child
health and development are profound, so understanding the role of
schools in SARS-CoV-2 transmission should be a priority for pan-
demic preparedness and response.
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