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ABSTRACT

Background

In response to the spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the impact of coronavirus disease 2019
(COVID-19), governments have implemented a variety of measures to control the spread of the virus and the associated disease. Among
these, have been measures to control the pandemic in primary and secondary school settings.

Objectives

To assess the effectiveness of measures implemented in the school setting to safely reopen schools, or keep schools open, or both, during
the COVID-19 pandemic, with particular focus on the different types of measures implemented in school settings and the outcomes used
to measure their impacts on transmission-related outcomes, healthcare utilisation outcomes, other health outcomes as well as societal,
economic, and ecological outcomes.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, Embase, and the Educational Resources Information
Center, as well as COVID-19-specific databases, including the Cochrane COVID-19 Study Register and the WHO COVID-19 Global literature
on coronavirus disease (indexing preprints) on 9 December 2020. We conducted backward-citation searches with existing reviews.

Selection criteria

We considered experimental (i.e. randomised controlled trials; RCTs), quasi-experimental, observational and modelling studies assessing
the effects of measures implemented in the school setting to safely reopen schools, or keep schools open, or both, during the COVID-19
pandemic. Outcome categories were (i) transmission-related outcomes (e.g. number or proportion of cases); (ii) healthcare utilisation
outcomes (e.g. number or proportion of hospitalisations); (iii) other health outcomes (e.g. physical, social and mental health); and (iv)
societal, economic and ecological outcomes (e.g. costs, human resources and education). We considered studies that included any
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population at risk of becoming infected with SARS-CoV-2 and/or developing COVID-19 disease including students, teachers, other school
staff, or members of the wider community.

Data collection and analysis

Two review authors independently screened titles, abstracts and full texts. One review author extracted data and critically appraised each
study. One additional review author validated the extracted data. To critically appraise included studies, we used the ROBINS-I tool for
quasi-experimental and observational studies, the QUADAS-2 tool for observational screening studies, and a bespoke tool for modelling
studies. We synthesised findings narratively. Three review authors made an initial assessment of the certainty of evidence with GRADE,
and several review authors discussed and agreed on the ratings.

Main results

We included 38 unique studies in the analysis, comprising 33 modelling studies, three observational studies, one quasi-experimental and
one experimental study with modelling components.

Measures fell into four broad categories: (i) measures reducing the opportunity for contacts; (ii) measures making contacts safer; (iii)
surveillance and response measures; and (iv) multicomponent measures. As comparators, we encountered the operation of schools with
no measures in place, less intense measures in place, single versus multicomponent measures in place, or closure of schools.

Across all intervention categories and all study designs, very low- to low-certainty evidence ratings limit our confidence in the findings.
Concerns with the quality of modelling studies related to potentially inappropriate assumptions about the model structure and input
parameters, and an inadequate assessment of model uncertainty. Concerns with risk of bias in observational studies related to deviations
from intended interventions or missing data. Across all categories, few studies reported on implementation or described how measures
were implemented. Where we describe effects as 'positive’, the direction of the point estimate of the effect favours the intervention(s);
'negative' effects do not favour the intervention.

We found 23 modelling studies assessing measures reducing the opportunity for contacts (i.e. alternating attendance, reduced class
size). Most of these studies assessed transmission and healthcare utilisation outcomes, and all of these studies showed a reduction
in transmission (e.g. a reduction in the number or proportion of cases, reproduction number) and healthcare utilisation (i.e. fewer
hospitalisations) and mixed or negative effects on societal, economic and ecological outcomes (i.e. fewer number of days spent in school).

We identified 11 modelling studies and two observational studies assessing measures making contacts safer (i.e. mask wearing, cleaning,
handwashing, ventilation). Five studies assessed the impact of combined measures to make contacts safer. They assessed transmission-
related, healthcare utilisation, other health, and societal, economic and ecological outcomes. Most of these studies showed a reduction
in transmission, and a reduction in hospitalisations; however, studies showed mixed or negative effects on societal, economic and
ecological outcomes (i.e. fewer number of days spent in school).

We identified 13 modelling studies and one observational study assessing surveillance and response measures, including testing and
isolation, and symptomatic screening and isolation. Twelve studies focused on mass testing and isolation measures, while two looked
specifically at symptom-based screening and isolation. Outcomes included transmission, healthcare utilisation, other health, and societal,
economic and ecological outcomes. Most of these studies showed effects in favour of the intervention in terms of reductions in transmission
and hospitalisations, however some showed mixed or negative effects on societal, economic and ecological outcomes (e.g. fewer number
of days spent in school).

We found three studies that reported outcomes relating to multicomponent measures, where it was not possible to disaggregate the effects
of each individual intervention, including one modelling, one observational and one quasi-experimental study. These studies employed
interventions, such as physical distancing, modification of school activities, testing, and exemption of high-risk students, using measures
such as hand hygiene and mask wearing. Most of these studies showed a reduction in transmission, however some showed mixed or no
effects.

As the majority of studies included in the review were modelling studies, there was a lack of empirical, real-world data, which meant that
there were very little data on the actual implementation of interventions.

Authors' conclusions

Our review suggests that a broad range of measures implemented in the school setting can have positive impacts on the transmission
of SARS-CoV-2, and on healthcare utilisation outcomes related to COVID-19. The certainty of the evidence for most intervention-outcome
combinations is very low, and the true effects of these measures are likely to be substantially different from those reported here. Measures
implemented in the school setting may limit the number or proportion of cases and deaths, and may delay the progression of the pandemic.
However, they may also lead to negative unintended consequences, such as fewer days spent in school (beyond those intended by the
intervention). Further, most studies assessed the effects of a combination of interventions, which could not be disentangled to estimate
their specific effects. Studies assessing measures to reduce contacts and to make contacts safer consistently predicted positive effects on
transmission and healthcare utilisation, but may reduce the number of days students spent at school. Studies assessing surveillance and
response measures predicted reductions in hospitalisations and school days missed due to infection or quarantine, however, there was
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mixed evidence on resources needed for surveillance. Evidence on multicomponent measures was mixed, mostly due to comparators. The
magnitude of effects depends on multiple factors. New studies published since the original search date might heavily influence the overall
conclusions and interpretation of findings for this review.

PLAIN LANGUAGE SUMMARY

Measures implemented in the school setting to contain the COVID-19 pandemic
What was studied in the review?

In order to reduce the spread of the virus that causes COVID-19, many governments and societies put mitigation measures in place in
schools. However, we do not know whether these measures work with regards to reducing the spread of the virus, or how these measures
affect other aspects of life, such as education, the economy or society as a whole.

What are measures implemented in the school setting?
Measures in the school setting can be grouped into the following four broad categories.

1. Measures reducing the opportunity for contacts: by reducing the number of studentsin a class or a school, opening certain school types
only (for example primary schools) or by creating a schedule by which students attend school on different days or in different weeks, the
face-to-face contact between students can be reduced.

2. Measures making contacts safer: by putting measures in place such as face masks, improving ventilation by opening windows or using
air purifiers, cleaning, handwashing, or modifying activities like sports or music, contacts can be made safer.

3. Surveillance and response measures: screening for symptoms or testing sick or potentially sick students, or teachers, or both, and
putting them into isolation (for sick people) or quarantine (for potentially sick people).

4. Multicomponent measures: measures from categories 1, 2 and 3 are combined.
What is the aim of the review?

We aimed to find out which measures implemented in the school setting allow schools to safely reopen, stay open, or both, during the
COVID-19 pandemic.

What did we do?

We searched for studies that looked at the impact of these types of measures in the school setting on the spread of the virus that causes
COVID-19, the impact on the healthcare system (i.e. how many hospital beds are needed), as well as important social aspects (i.e. how
often students attended school). The studies could focus on students, teachers and other school staff, as well as on families and the whole
community. They could use real-life data (observational studies) or data from computer-generated simulations (modelling studies).

What are the main results of the review?

We found 38 relevant studies. Most of these were modelling studies (33 studies). Five studies used real-world data. Twenty studies were
conducted in North or South America, 16 in Europe and two in China.

Below we summarise the main findings by category.
1. Measures reducing the opportunity for contacts

We found 23 modelling studies assessing measures to reduce the opportunity for contacts. All studies showed reductions in the spread of
the virus that causes COVID-19 and the use of the healthcare system. Some studies also showed a reduction in the number of days spent
in school due to the intervention.

2. Measures making contacts safer

We found 11 modelling studies and two real-world studies looking at measures, such as mask wearing in schools, cleaning, handwashing,
and ventilation. Five of these studies combined multiple measures, which means we cannot see which specific measures worked and
which did not. Most studies showed reductions in the spread of the virus that causes COVID-19; some studies, however, showed mixed or
no effects.

3. Surveillance and response measures

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 3
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We found 13 modelling studies and one real-world study assessing surveillance and response measures. Twelve studies focused on mass
testing and isolation measures, while two looked specifically at symptom-based screening and isolation. Most studies showed results in
favour of the intervention, however some showed mixed or no effects.

4. Multicomponent measures

We found three studies that looked at multicomponent interventions, where it was not possible to determine the effect of each individual
intervention. These included one modelling study and two real-world studies. These studies assessed physical distancing, modification
of activities, cancellation of sports or music classes, testing, exemption of high-risk students, handwashing, and face masks. Most studies
showed reduced transmission of the virus that causes COVID-19, however some showed mixed or no effects.

How confident are we in the findings of this review?

Our confidence in these results is limited. Most studies used models, that is, they estimated the effects of the interventions rather than
observing outcomes. As the models are built on assumptions about how the virus spreads and how people behave, we lack real-world
evidence. Many studies were published as 'preprints' without undergoing rigorous checks of published studies, which further limits our
confidence. Also, the studies were very different from each other (for example, with regards to the levels of transmission in the community).

What are the key messages?

Reopening schools or keeping schools open while having a broad range of measures in place can reduce transmission of the virus that
causes COVID-19. Such measures can also reduce the number of people who will need to go to hospital due to developing COVID-19. We still
know very little about other consequences of these measures, such as those linked to education, resources, and physical or mental health,
as this knowledge is mostly based on studies modelling the real world. More studies set in the real world using real-world data are needed.

How up to date is this evidence?

The evidence is up-to-date to December 2020.

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 4
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SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings: measures reducing the opportunity for contacts

Reducing opportunity for contacts: reducing the number of students and contacts*

Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor-
tion of cases

13 modelling stud-
ies (Baxter 2020;
Bershteyn 2020;
Burns A 2020; Di
Domenico 2020a;
Germann 2020;

Gill 2020; Head
2020; Jones 2020;
Kaiser 2020; Keeling
2020; Mauras 2020;
Panovska-Grif-
fiths 2020a; Shelley
2020)

All studies except for one predicted that reducing the number
of students and thus reducing the number of contacts between
students led to a reduction in the number or proportion of cas-
es. One study predicted mixed effects (Shelley 2020). The vari-
ation in the magnitude of effect might be explained by the lev-
el of community transmission, susceptibility of individuals to a
SARS-CoV-2 infection as well as implementation of communi-
ty-based interventions.

Very lowa.¢.d.f @000

Risk of infection

2 modelling stud-
ies (Cohen 2020; Es-
pafia 2020)

Both studies predicted that reducing the number of students
and thus reducing the number of contacts between students
led to a reduction in the risk of infection. In one study, relative
to a scenario with operating schools at full capacity and with-
out face masks, a reduction in students led to a proportional re-
duction in the risk of infection (Espafia 2020). In another study,
reducing the number of students to 50% by introducing alter-
nating attendance schedules led to a predicted risk of infection
in students between 0.2% to 3.1% and 0.4% to 4.3% in teach-
ers and staff (Cohen 2020). One study predicted that the low-
est risk of infection can be achieved by limiting attendance to
primary school students and reducing their cohort size by 50%
(risk of infection in teachers: 0.2% to 0.7%j; risk of infection in
students: 0.1% to 1.0%) (Cohen 2020). The variation in the mag-
nitude of effect might be explained by varying levels of suscep-
tibility of individuals to a SARS-CoV-2 infection, age of the stu-
dents targeted by the intervention as well as the level of com-
munity transmission.

Very lowb:¢.f @000

Reproduction num-
ber

6 modelling stud-
ies (Cohen 2020;
Keeling 2020; Lan-
deros 2020; Lee
2020; Phillips 2020;
Zhang 2020)

All but one study predicted that reducing the number of stu-
dents and thus reducing the number of contacts between stu-
dents led to a reduction in the reproduction number. One study
predicted no consistent trend across different scenarios of al-
ternating schedules and reduction of students (Cohen 2020).
The variation in the magnitude of effect might be explained by
the level of community transmission as well as the age of stu-
dents targeted by the intervention.

Very lowb:¢.d.f @000

Number or propor-
tion of deaths

5 modelling studies
(Baxter 2020; Ger-
mann 2020; Head
2020; Keeling 2020;
Panovska-Griffiths
2020a)

All studies predicted that reducing the number of students and
thus reducing the number of contacts between students led to
areduction in the number or proportion of deaths when com-
pared to schools operating without measures in place. In all
populations (general population; teachers and staff; students),
the number of deaths was reduced by reducing the number

of students. The variation in the magnitude of effect might be

Very lowb.¢.f @coo

Measures implemented in the school setting to contain the COVID-19 pandemic (Review)
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explained by the level of community transmission, age of stu-
dents, susceptibility of children to a SARS-CoV-2 infection as
well as implementation of community-based interventions.

Risk of death 1 modelling study One study predicted that reducing the number of studentsand  Very lowb:¢.efgo00
(Espafia 2020) thus reducing the number of contacts between students led

to a reduction in the risk of death in various populations (stu-

dents, teachers, general population) when compared to oper-

ating schools without any measures. If only 50% of all students

attend school, the risk of death can be reduced to 3.0% (95%

Cl 3.0% to 3.0%) in teachers, in family members to 0.4% (95%

C1 0.4% to 0.5%) and in the general population to 4.0% (95%

Cl4.0% to 5.0%) if countermeasures such as face masks are in

place.
Shift in pandemic 5 modelling stud- All studies predicted that reducing the number of studentsand  Very lowb.¢.f @000
development ies (Alvarez 2020; thus reducing the number of contacts between students led to

Germann 2020; Lan-  a positive shift in the pandemic development when compared

deros 2020; Mauras  to schools operating without measures in place. In all studies,

2020; Phillips 2020)  the reduction in the number of students was predicted to slow
the pandemic development, reduce the length of an outbreak
or time until the maximum intensive care bed capacity would
be achieved. The variation in the magnitude of effect might be
explained by the implementation of community-based inter-

ventions.
Number or pro- 1 modelling study One study predicted that reducing the number of studentsand  Very lowb.¢.e.f@o00
portion of infected (Aspinall 2020) thus reducing the number of contacts between students led
schools to a reduction in the number of schools with at least one in-

fected individual when compared to operating schools with-
out any measures. With all students attending, the proportion
and number of schools with at least one infected individual on
the premises ranged between 4% and 20% (661 to 3310 primary
schools); if only a third of all primary school students attending,
the risk could be reduced to 1% and 5.5% of primary schools
(178 to 924 schools). The variation in the magnitude of effect
might be explained by the level of community transmission.

Risk of transmission 1 modelling study One study predicted that reducing the number of studentsand  Very lowb.¢.e.f @000
to other schools (Munday 2020) thus reducing the number of contacts between students led to

a reduction in the risk of transmission to another school when

compared to operating schools without measures in place.

While the risk ranged between 0.42% and 3.6% for 100% at-

tendance, it was the lowest if only certain grades of primary

school attended school, with the risk ranging between 0.01%

and 0.09%. The variation in the magnitude of effect might be

explained by the level of community transmission.

Outcome category: healthcare utilisation

Number or propor- 2 modelling stud- Both studies predicted that reducing the number of students Very lowb,c.f @oc00
tion of hospitalisa- ies (Germann 2020;  and thus reducing the number of contacts between students
tions Head 2020) led to a reduction in the number or proportion of hospitalisa-

tions when compared to operating school without any mea-
sures. The variation in the effect might be explained by the lev-
el of community transmission, susceptibility of individuals to a
SARS-CoV-2 infection as well as implementation of communi-
ty-based interventions.

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 6
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Number or propor- 3 modelling stud- All studies predicted that reducing the number of studentsand  Very lowb..f @000
tion of cases requir-  ies (Alvarez2020; Di  thus reducing the number of contacts between students led to
ing intensive care Domenico 2020a; a reduction in the number or proportion of cases requiring in-

Keeling 2020) tensive care when compared to operating school without any

measures. The variation in effect might be explained by the lev-
el of community transmission, age of students, susceptibility of
individuals to a SARS-CoV-2 infection as well as implementation
of community-based interventions.

Outcome category: societal, economic andecological outcomes

Number of days 3 modelling stud- Three studies assessed the number of days spent in school. Of Very lowb:¢.d:f @000
spentin school ies (Cohen 2020; Gill  these, two studies predicted that reducing the number of stu-
2020; Phillips 2020)  dents and thus reducing the number of contacts between stu-

dents led by design to a reduction in the number of planned
days spent in school (60% to 83% of all school days to be spent
at home as shown by one study) when compared to operating
schools without measures in place. In one study, the number of
days lost to classroom closures varies between 76.0 + 59.5 SD
for a ratio of students to teacher of 8:1 and 1157.7 + 684.3 SD for
aratio of 30:1. The variation in the magnitude of effect might be
explained by the level of community transmission.

Reducing opportunity for contacts: reducing contacts*

Outcome Number of studies = Summary of findings Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor- 3 modelling stud- All studies predicted that reducing the number of contacts be- Very lowb.¢.f @000
tion of cases ies (Cohen 2020; Gill  tween students led to a reduction in the number or proportion
2020; Head 2020) of cases. One study reported a reduction in the cumulative in-

fection rate from between 6.4% and 17.2% for students and be-
tween 9.5% and 24.6% for teachers and school staff, depending
on the level of community transmission (Cohen 2020). The vari-
ation in the magnitude of effect might be explained by the level
of community transmission and susceptibility of individuals to
a SARS-CoV-2 infection.

Reproduction num- 3 modelling stud- Two studies predicted that compared to operating schools Very lowb.o.f @000
ber ies (Cohen 2020; without reducing the number of contacts, a reduction in the

Phillips 2020; Rozh-  number of contacts between students led to a reduction in the

nova 2020) reproduction number. One study graphically predicted that re-

ducing the number of contacts while maintaining the number
of students at 100% did not have a large impact on the reduc-
tion in the reproduction number (Phillips 2020). The variation in
the magnitude of effect might be explained by the susceptibili-
ty of individuals to a SARS-CoV-2 infection.

Shift in pandemic 2 modelling stud- One study predicted that reducing the number of contacts be- Very lowb.¢,d.f gooo
development ies (Landeros 2020;  tween students led to a positive shift in the pandemic develop-
Phillips 2020) ment (Landeros 2020). Implementing an alternating attendance

schedule by creating rotating cohorts with a weekly rotating
schedule extends the period of instruction from 10 to 12 weeks
to 18 to 22 weeks until reaching the stopping rule on cumu-
lative prevalence of 5%. With regards to the length of an out-
break, one study predicts that an alternating attendance sched-
ule, while maintaining the number of students, performs slight-
ly better with regards to mean and median outbreak lengths

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 7
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than a non-alternating attendance schedule (Phillips 2020), but
probably not in a significant way (results presented graphical-

ly).
Outcome category: healthcare utilisation
Number or propor- 2 modelling stud- Two studies predicted that reducing the number of contacts Very lowb,c.d,f o000
tion of hospitalisa- ies (Germann 2020;  between students led to a reduction in the number and propor-
tions Head 2020) tion of individuals requiring hospitalisation. The variation in the

magnitude of effect might be explained by the susceptibility of
individuals to a SARS-CoV-2 infection, co-interventions, the lev-
el of community transmission, as well as the age of students.

Outcome category: societal, economic and ecological outcomes

Number of days 3 modelling stud- Two studies predicted that reducing the number of contacts by Very lowb.¢.d:f goco
spentin school ies (Cohen 2020; Gill  implementing an alternating attendance schedule or enforcing
2020; Phillips 2020)  that students remain within their classroom led to more days
spent in school than when the number of contacts are not re-
duced (Gill 2020; Phillips 2020). One study predicted no effect:
reducing the number of contacts between cohorts alongside
other countermeasures (non-pharmaceutical interventions;
screening) predictably leads to an equal percentage of school
days spent at home as if no measures would be in place (~5% to
10%) (Cohen 2020).

Cl: confidence interval; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SD: standard deviation.

*We differentiate between measures reducing the number of students and contacts (i.e. reducing the number of students on school premises
automatically reduces the number of contacts with or without additional contact-reducing measures being implemented) and measures
reducing contacts (i.e. contacts between students as well as between students and school staff can also be reduced through forming cohorts
with all students present on school premises).

aDowngraded -2 for risk of bias due to major concerns about the structural assumptions and input parameters in the majority of studies
contributing to the outcome.

bDowngraded -1 for risk of bias due to moderate or major concerns about the structural assumptions and input parameters.
¢Downgraded -1 for indirectness due to moderate or major concerns about the external validation of the model.

dDowngraded -1 for inconsistency due to mixed or inconsistent effects in the studies contributing to the outcome.

eDowngraded -1 for imprecision due to only one study contributing to the outcome.

fDowngraded -1 for imprecision due to moderate or major concerns about the assessment of uncertainty in the studies in the majority of
studies contributing to the outcome.

Summary of findings 2. Summary of findings: measures making contacts safer

Intervention subcategory: making contacts safer - face masks

Outcome Number of studies = Summary of findings Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor- 3 modelling stud- Three studies look at masks among other measures implement-  Very lowb.¢.f @coo
tion of cases ies (Espafia 2020; ed in the school setting, and reduction in the cases avoided

Head 2020; Panovs-  due to the intervention, reporting on outcomes such as (cumu-

ka-Griffiths 2020b) lative) number of cases or attack rates. In the studies that al-

low for drawing conclusions with regard to the effect of masks,
wearing masks reduced the number of cases. Studies found
that full school reopening with high-face-mask adherence/a
mandatory mask policy, significantly reduced the increase in
community infections due to school reopening (3 times the

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 8
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number of infections), compared to scenarios with low mask
adherence/no mandatory policy (Espafia 2020; Panovska-Grif-
fiths 2020b). This included a reduction from 81.7 times to 3.0
times the number of infections in the community (Espaiia
2020), and a reduction from 57% to 46% of those with sympto-
matic infections needing to be tested in the community under
30% effective coverage of masks (Panovska-Griffiths 2020b).

A further study found a reduction in the excess proportion of
infections in the school setting at a moderate level of commu-
nity transmission with mandatory masks among teachers and
staff (1.73, 95% Cl 2.32 to 6.29), as well as students (2.51, 95% ClI
0.05 to 6.95), compared to reopening with no countermeasures
(teachers and staff: 14.83, 95% CI 0.93 to 29.25), students: 14.18,
95% Cl 1.63 to0 26.77) (Head 2020). Insight from individual stud-
ies shows factors which may impact upon the magnitude of ef-
fect, such as the initial level of COVID-19 incidence, as well as
the assumed compliance with wearing masks.

Reproduction num- 1 modelling study One study showed the positive effect of a mask policy onthere-  Very lowa:¢.¢ @000
ber (Sruthi 2020) production number. The study showed that wearing masks in

secondary schools in Switzerland led to an estimated reduction

in the general population of R by 0.011 (95% CI 0.008 to 0.0127).

However, there is no consideration of compliance in the model.

Number or propor- 2 modelling studies  Two studies examined impact of a mask policy on the number Very lowb.c.f @000
tion of deaths (Espafia 2020; Head  or proportion of deaths as an outcome, finding positive result-
2020) s. Head 2020 found a lower proportion of excess deaths experi-

enced by students (0 (95% CI 0 to 0)) and school staff and teach-
ers (0.44 (95% Cl 0 to 0.44)) if schools reopened with mandato-
ry mask wearing, compared to school reopening with no coun-
termeasures (students: 0.01 (95% CI 0 to 0.01); school staff and
teachers: 2.97 (95% CI 0 to 47.17)). These findings assumed
moderate community transmission. Espafia 2020 focused on
the general population, finding that, under a scenario with high
capacity and high face-mask adherence, there would be a de-
crease in the ratio of the cumulative number of deaths in the
overall population of 1.5 (95% Cl 1.5 to 1.6).

Outcome category: healthcare utilisation

Number or propor- 1 modelling study One study looked at the impact of a mask policy on the num- Very lowb,¢.e 000
tion of hospitalisa- (Head 2020) ber or proportion of hospitalisations and found positive re-
tions sults. The study demonstrated that mandatory mask wearing

in schools when reopening would lead to reduced hospitali-
sations among students, staff, household members and com-
munity members compared to reopening with no measures

in place. The study predicts that mandatory mask wearing in
schools when reopening all schools would lead to reduced hos-
pitalisations among students, staff, household members and
community members. For teachers/staff, the excess rate of
hospitalisations per 10,000 of the subpopulation would be re-
duced to 4.2 (95% Cl -47.39 to 48.09) from 40.5 (95% CI -46.95 to
146.64). For students this decreases to 0.07 (95% CI1 0.00 to 0.01)
from 0.08 (95% CI 0.00 to 0.08). The size of this effect is moder-
ated by level of community transmission, type of school and
whether children are considered half or equally susceptible as
adults. In general, higher transmission, high schools, and in-
creased relative susceptibility of children lead to a higher num-
ber of cumulative infections across scenarios.

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 9
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Intervention subcategory: making contacts safer - cleaning

Outcome Number of studies = Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Reproduction num- 1 modelling study One study assessed the impact of an enhanced cleaning policy

ber (Kraay 2020) on the reproductive number and showed positive results. The
study found that compared to eight-hourly and four-hourly sur-
face cleaning and disinfection, hourly cleaning and disinfection
alone could bring the fomite R below 1 in some office settings,
particularly combined with reduced shedding, but would be in-
adequate in schools. This study did not take into account direct
transmission through droplet spray, aerosols and hand-to-hand
contact.

Very lowb:¢.e @000

Intervention subcategory: making contacts safer - handwashing

Outcome Number of studies = Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

1 modelling study One study assessed the impact of handwashing on the repro-
) (Kraay 2020) duction number and suggested no impact. While results are on-
Reproduction num- ly presented in a graphical way, it predicted that handwashing
ber (hourly with 100% effectiveness) compared to no handwashing

did not make a difference with regards to the projected repro-
duction number from fomite transmission.

Very lowb:¢.e @000

Outcome category: other health outcomes

Physical health 1 observational/ex-  One study found that 6.5% (2000 of 30,907; 95% Cl 6.2 to 6.8) of
perimental study children had hand eczema prior to school closures, 14.1% (4363
(Simonsen 2020) of 30,907; 95% Cl 13.7 to 14.5) of students had hand eczema be-

fore reopening of schools on 15 April 2020. This prevalence in-
creased to 50.5% (15,595 of 30,907; 95% Cl 49.9 to 51.0) after
the children returned to school and the strict hand hygiene reg-
imen (handwashing for 45 to 60 seconds every 2 hours; after ar-
rival, before and after meals, after toilet visits, after coughing or
sneezing or whenever hands were visibly dirty) was implement-
ed, which was a statistically significant increase of 36.3% (P <
0001).

Lowe &p00

Intervention subcategory: making contacts safer - modification of activities

Outcome Number of studies = Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Reproduction num- 1 modelling study One study assessed the impact of changing the length of the

ber (Lazebnik 2020) school day and found that keeping schools open with longer
school hours (8 to 9 hours) each day would reduce R by 0.83
compared to a policy in which children go to school every other
day for five hours.

Very lowa,¢.€ @000

Intervention subcategory: making contacts safer - ventilation

Measures implemented in the school setting to contain the COVID-19 pandemic (Review)
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Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Concentration of
aerosol particles
containing RNA
virus in the room
and inhaled dose of
RNA virus for a sus-
ceptible person

1 modelling study
(Curtius 2020)

One study assessed the effect of four air purifiers equipped with
HEPA filters in a high school classroom in Germany with an in-
fected person in the room with regards to the inhaled dose of
particles containing RNA virus. This dose is reduced by a factor
of six. The density of people in the room can be considered an
effect modifier.

Very lowa,6.€ 000

Intervention subcategory: making contacts safer - combined measures to make contacts safer

Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor-
tion of cases

4 modelling stud-
ies (Cohen 2020;
Germann 2020; Gill
2020; Monod 2020)

All studies looked at the impact of combined measures to make
contacts safer on the number or proportion of cases and found
positive results overall. Those which reported on community
level transmission found a reduction in total number of infec-
tions, although specific figures were not reported (Gill 2020),
and reduction in the number of cases from 59.7 million when
schools reopened with no countermeasures to 2.3 million and
2.0 million in 40% partial online learning scenarios, with 'ide-

al social distancing' (assumed 50% reduction in contacts due
to face masks, hygiene, and distancing measures) (Germann
2020). Those which reported on school level outcomes found
that implementing a variety of infection control measures led
to a reduction in the cumulative COVID-19 infection rate among
students, teachers, and staff over four-fold (Cohen 2020), and
areduction in total number of infections, although specific fig-
ures were not reported (Gill 2020).

Very lowb:¢.f @000

Reproduction num-
ber

2 modelling stud-
ies (Cohen 2020;
Phillips 2020)

Two studies examined effective reproduction number as an
outcome, with both studies finding a positive effect. Both stud-
ies presented results graphically, making it difficult to deter-
mine effect sizes. One study showed that all modelled scenar-
ios with combined measures to make contacts safer would re-
duce the effective reproduction number to < 1, compared with
full school reopening with full attendance and no measures in
place (Cohen 2020). The other study compared high with low-
transmission settings in primary schools and suggested that
the effective reproduction number is consistently lower in a
low-transmission setting (Phillips 2020).

Very lowa,5.f gooo

Number or propor-
tion of deaths

2 modelling stud-
ies (Germann 2020;
Monod 2020)

Two modelling studies assessed combined measures to make
contacts safer on the number or proportion of deaths as an out-
come, finding mixed results, one positive (Germann 2020), and
one unclear result (Monod 2020). One study found that when
fewer workplaces were open, all four 40% partial online learn-
ing scenarios, with alternating days or weeks of attendance
were found to reduce deaths. Although a larger decrease to
25,474 and 27,874 was observed in scenarios where a 50% re-
duction in contacts due to mask wearing or reduced social dis-
tancing with minimal mask use was assumed within the mod-
el, compared to 230,451 deaths during full school reopening

Very lowb.¢.f @coo

Measures implemented in the school setting to contain the COVID-19 pandemic (Review)
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with no countermeasures (Germann 2020). However, the oth-
er study estimated a 12.6% (95% Cl 7.4% to 22.7%) increase

in deaths among children and the general population as a re-
sult of schools reopening with countermeasures, compared to
keeping schools closed (Monod 2020).

Shift in pandemic 1 modelling study One study assessing combined measures to make contacts Very lowb.c.e.f gooo
development (Germann 2020) safer compared high with low-transmission settings in prima-

ry schools. With results presented in a graphical way, they im-

plied that the mean duration of the outbreak is shorter in low-

transmission than high-transmission settings in all student to

teacher ratios except for the 30:1 ratio.

Outcome category: healthcare utilisation

Number or propor- 1 modelling study One study looked at the impact of combined measures to make  Very lowb.¢.¢ @000
tion of hospitalisa- (Germann 2020) contacts safer on the number or proportion of hospitalisations,
tions and found that when fewer workplaces were open, all partial

online learning scenarios, with ideal social distancing (defined
as a 50% reduction in contacts due to physical distancing, hy-
giene and masks), were found to avert between 543,977 and
1,708,197 hospitalisations. Moreover, for these scenarios, hos-
pitalised cases during the peak four weeks ranged from 59,056
to 354,878, compared to a baseline scenario of 685,747 with
schools reopening with full attendance and no measures in
place.

Outcome category: societal, economic and ecological outcomes

Number of days 2 modelling studies  Two studies examined the outcome of number of days spent Very lowa,c 000
spentin school (Gill 2020; Phillips in school. One study found that at very low community infec-
2020) tion rates (10 reported infections per 100,000 population over

the last seven days), most students can expect to attend near-
ly every day even in schools operating full-time, as long as
schools implement multiple interventions. It is not possible to
determine effect size due to lack of reporting (Gill 2020). The
other study compared high with low transmission settings in
primary schools. Except for a ratio of 30:1, the number of stu-
dent days lost to closure was consistently higher in low trans-
mission settings. The predicted number of student days lost
was 76.0 + 59.5 for a ratio of 8:1,270.2 + 195.6 for a ratio of 15:1
and 1157.7 + 684.3 for a ratio of 30:1 in a low transmission set-
ting while it was 111.2 +72.8; 389.9 + 202.0 and 1093.9 + 396.1
for a high transmission setting (Phillips 2020).

Cl: confidence interval.

aDowngraded -2 for risk of bias due to major concerns about the structural assumptions and input parameters in the majority of studies
contributing to the outcome.

bDowngraded -1 for risk of bias due to moderate or major concerns about the structural assumptions and input parameters.
¢Downgraded -1 for indirectness due to moderate or major concerns about the external validation of the model.
dDowngraded -1 for inconsistency due to mixed or inconsistent effects in the studies contributing to the outcome.
eDowngraded -1 for imprecision due to only one study contributing to the outcome.

fDowngraded -1 for imprecision due to moderate or major concerns about the assessment of uncertainty in the studies in the majority of
studies contributing to the outcome.

Summary of findings 3. Summary of findings: surveillance and response measures

Intervention subcategory: surveillance and response measures - mass testing and isolation

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 12
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Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor-
tion of cases

7 modelling stud-
ies (Cohen 2020; Di
Domenico 2020a;
Head 2020; Lyng
2020; Panovs-
ka-Griffiths 2020a;
Tupper 2020;
Williams 2020)

The seven studies that looked at the impact of mass testing
and isolation interventions on the number or proportion of cas-
es all found positive results. Cohen 2020 found that measures
that limit transmission and detect, trace, and quarantine cases
within schools could lead to reductions in the cumulative COV-
ID-19 infection rate among students, teachers, and staff by over
14-fold. However, these measures were implemented along-
side classroom cohorting, face masks, physical distancing, and
handwashing protocols in schools, so it is not possible to com-
ment on the impact of these measures alone. Head 2020 sug-
gested that although testing and isolation strategies could lead
to reductions in transmission, their effectiveness on their own
was low, and when combined with strict social-distancing mea-
sures, and a reduction in community transmission, they could
be more effective.

Very lowb.¢.f @oco

Number of cases
detected

1 observational/ex-
perimental study
(Hoehl 2020)

One observational study looked at the impact of mass testing
strategies on the number of cases detected due to the interven-
tion. The main goal of the study was to evaluate the practical
application of a self-performed, high-frequency antigen test in
a school setting and 10,768 of these tests (99.37%) were record-
ed to have been valid and 113 negative, 47 (0.43%) were record-
ed as invalid and 21 (0.19%) as positive (either true or false).
The study found that 0.15% of all antigen tests (16 tests) gave
false-positive results.

Very lowa,6.€ @000

Reproduction num-
ber

1 modelling study
(Panovska-Griffiths
2020a)

One study looked at two different testing strategies and found
that test-trace-isolate strategies would need to test a suffi-
ciently large proportion of the population with COVID-19 symp-
tomatic infection and trace their contacts with sufficiently large
coverage, for R to diminish below 1.

Very lowa,%,€ @000

Number or propor-
tion of deaths

2 modelling stud-
ies (Head 2020;
Panovska-Griffiths
2020a)

Two studies assessed the impact of testing and isolation strate-
gies on the number and proportion of deaths. They showed
positive results overall. One study only showed results in a
graphical way and suggested that more intense testing and iso-
lation measures would lead to fewer deaths than less intense
measures (Panovska-Griffiths 2020a). The other study found
that, under a testing strategy, the excess proportion of deaths
in teachers would be 8.12 (95% CI 0.00 to 47.85), compared to

0 for students and 0.5 (95% CI -2.72 to 3.68) in the community
(Head 2020). The effect sizes are moderated by the model para-
meters such as relative susceptibility and infectiousness of chil-
dren, and extent of community transmission amid reopening.
The effect sizes are moderated by the model parameters, such
as relative susceptibility and infectiousness of children, and ex-
tent of community transmission amid reopening.

Very lowb:¢.f @000

Shift in pandemic
development

4 modelling stud-
ies (Landeros 2020;
Panovska-Griffiths
2020a; Panovs-
ka-Griffiths 2020b;
Williams 2020)

The four studies that assessed the impact of mass testing and
isolation strategies on the timing and progression of the epi-
demic found that testing and isolation could slow or prevent a
second wave of the epidemic. The studies suggest that the tim-
ing of the epidemic depends on the degree to which testing and
isolation strategies are being implemented and the combina-
tion of testing and tracing.

Very lowb:¢.f @000
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Outcome category: healthcare utilisation

Number or propor-
tion of hospitalisa-
tions

1 modelling study
(Head 2020)

One study found that reopening schools with a weekly or
monthly testing strategy for teachers and students would lead
to a higher number of hospitalisations compared to reopen-
ing under strategies to reduce contacts. The excess proportion
of hospitalisations in teachers under a testing strategy would
be 162.47 (95% Cl 0.00 to 588.24), compared to students 0.58
(95% C1 0.00 to 15.27), and the community 3.68 (95% CI -7.27
to 15.54). The effect sizes are moderated by the model parame-
ters, such as relative susceptibility and infectiousness of chil-
dren, and extent of community transmission amid reopening.

Very lowa,¢.€ @000

Outcome category: societal, economic and ecological outcomes

Numbers of days
spentin school

1 modelling study
(Gill 2020)

One study found that policies that close the school when in-
fections are detected substantially reduce the total number of
days that students can attend in person. These effects are larg-
er in schools operating full-time than in schools using hybrid
approaches. In secondary schools where students are attend-
ing daily and the community infection rate is at a moderate lev-
el, closing the school for 14 days for each detected infection
would be highly disruptive. Even in the absence of a school clo-
sure policy, quarantines of the classmates and bus mates of in-
fected students are likely to reduce in-person attendance for
the typical student.

Very low3,6:€ @000

Resource costs

3 modelling studies
(Campbell 2020b;
Lyng 2020; Williams
2020)

Three studies looked at the cost of testing interventions and
showed mixed results. One study used health economic mod-
elling to look at the human resource costs of testing strategies.
The study found that testing students and employees in pri-
mary and secondary schools over 1.5 months would cost CAD
816.0 million, compared to no intervention. Another study iden-
tified one high-performing strategy of community-based test-
ing with a per person per day cost as low as USD 1.32.

Very lowb:¢.f @000

Intervention subcategory: symptom-based screening and isolation

Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor-
tion of cases

2 modelling stud-

ies (Bershteyn 2020;

Burns A 2020)

Two studies found that policies that screen and isolate suspect-
ed cases can, overall, decrease the attack rate. The most effec-
tive testing and isolation strategies used a combination of ear-
ly testing together with symptom screening and isolation of
symptomatic cases. These strategies were often implement-

ed alongside other transmission mitigation measures, such as
physical distancing and cohorting, so it is not possible to assess
the impact of symptom screening and quarantine measures
alone.

Very lowb.¢.f @coo

Shift in pandemic
development

1 modelling study
(Burns A 2020)

One study found that implementing a policy of two days of
home isolation following the last episode of fever, predicted
areduction in all outcome categories would reduce the peak
number of infected people from 148 (interquartile range (IQR)
82 t0213) to 124 (IQR 58 to 184)). The interval between the first
and last day with at least two cases would increase to 145 (IQR

Very lowa:6.€ 000
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127 to 157) from 139 (IQR 120 to 154). The effects varied accord-
ing to the rate of detecting fever.

CAD: Canadian Dollars; Cl: confidence interval; IQR: interquartile range; USD: US Dollars.

aDowngraded -2 for risk of bias due to major concerns about the structural assumptions and input parameters in the majority of studies
contributing to the outcome.

bDowngraded -1 for risk of bias due to moderate or major concerns about the structural assumptions and input parameters.
¢Downgraded -1 for indirectness due to moderate or major concerns about the external validation of the model.

dDowngraded -1 for inconsistency due to mixed or inconsistent effects in the studies contributing to the outcome.

eDowngraded -1 for imprecision due to only one study contributing to the outcome.

fDowngraded -1 for imprecision due to moderate or major concerns about the assessment of uncertainty in the studies in the majority of
studies contributing to the outcome.

Summary of findings 4. Summary of findings: multicomponent measures

Outcome Number of studies = Summary of findings Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor- 2 observational/ex-  These two studies showed mixed results on the effectiveness of  Lowa.b aw00

tion of cases perimental studies multicomponent interventions to make contacts safer on the
(Isphording 2020; number or proportion of cases. One study found that the inter-
Vlachos 2020) vention reduced cumulative infection rate by 0.55 or 27% of a

standard deviation (Isphording 2020), while the other found
that exposure to open rather than closed schools resulted in a
small to moderate increase in the number of infections among
parents and teachers, and their partners (Vlachos 2020).

Number or propor- 1 modelling study One study compared a multicomponent intervention consisting  Very low¢.d.e 0c0O
tion of cases (Naimark 2020) of: i) reducing the number of students; ii) reducing the number

of contacts; iii) universal masking; iv) alternating attendance

schedules in high schools; and v) symptom-based isolation,

to full school closures. The study found that there was an in-

crease in the predicted number of infections when reopening

with measures compared to a full school closure scenario.

aDowngraded -1 for risk of bias due to ROBINS-I rating being moderate.

bDowngraded -1 for inconsistency due to inconsistent effects in studies contributing to the outcome.
¢Downgraded -1 for risk of bias due to major concerns about the structural assumptions and input parameters.
dDowngraded -1 for inconsistency due to only one study contributing to the outcome.

eDowngraded -1 for imprecision due to only one study contributing to the outcome.
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BACKGROUND

Description of the condition and intervention

On 11 March 2020, the World Health Organization (WHO) declared
a global pandemic of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and the associated disease, COVID-19
(WHO 2020a). To contain the spread of SARS-CoV-2, national and
subnational governments have implemented a variety of measures
(Prem 2020), including many non-pharmaceutical interventions
(Smith 2020; WHO 2019).

A multitude of settings, such as workplaces, public spaces, as
well as means of transportation were affected by these non-
pharmaceutical interventions. One of the most debated settings,
however, was schools. In the context of the current pandemic, 192
countries had closed schools in order to reduce transmission of
SARS-CoV-2 by mid-April 2020, affecting more than 90% (nearly 1.6
billion) of the world’s student population (UNESCO 2021). School
closures aim to reduce contacts between students and school staff
by preventing them from being in close contact with each other,
with the goal of reducing viral transmission between and within
these groups - and with the ultimate goal of limiting levels of
community transmission. Proactive (closing schools regardless of
any identified cases) and reactive (closing schools in reaction to
an identified case) school closures have been used historically to
contain outbreaks (Chowell 2011; Isfeld-Kiely 2014). While some
studies demonstrate that closures can lead to reductions in viral
transmission (notably in relation to influenza infections), others
suggest that closures alone are not enough to prevent community
transmission, in particular in the absence of other measures (Walsh
2021). They may, however, be able to delay the peak of an epidemic
and therefore allow time to implement other interventions, such as
vaccinations (Fung 2015; Lee 2010). During the COVID-19 pandemic,
transmissions within schools as well as school clusters (i.e. one
case being responsible for a cluster of cases) have been reported in
primary and secondary schools (Otte im Kampe 2020; Stein-Zamir
2020). It has, however, been shown that the incidence in schools
was highly dependent on the level of community transmission and
that the cases associated with schools did not play a major role in
driving the pandemic (Aleta 2020; Gandini 2021; Ismail 2021).

The decision to close schools was fuelled by the uncertain
role of children in the transmission of SARS-CoV-2. It is widely
acknowledged that children of all ages are susceptible to SARS-
CoV-2 infection (Aspinall 2020; Bershteyn 2020; Dong 2020; Han
2021), but younger children appear to be less susceptible to
infection (Koh 2020; Viner 2021a). Transmission of SARS-CoV-2
by infected younger children (under approximately 12 years)
appears to be lower than transmission by adults, although robust
evidence is lacking (Viner 2021a). Adolescents, however, seem to
be comparable to adults with respect to transmission of SARS-
CoV-2 (Dattner 2020; Fontanet 2020; Park 2020). When infected,
most paediatric patients (< 18 years) with COVID-19 present
with mild symptoms (Davies 2020; Dong 2020; Han 2021; Laws
2021; Lee 2021), and have lower rates of hospitalisation, severe
hospitalisation, and death than other age groups (Castagnoli 2020;
Choi 2020; Gotzinger 2020; Zimmermann 2021). There is limited
evidence that 'long COVID', where various symptoms persist for
more than 60 days in symptomatic and even asymptomatic cases,
also affects children (Buonsenso 2021).

The evidence on the effectiveness of school closures in reducing
transmission is unclear (Bin Nafisah 2018; Rashid 2015), while
there is increasing evidence on significant negative implications
associated with school closures for children, teachers, other
school staff, parents, and for society as a whole (Christakis 2020;
Golberstein 2020; Kneale 2020; Smith 2020; UNESCO 2021; Viner
2020). Notably, school closures can have negative impacts on
educational outcomes and child development, and on the physical,
mental, and social health of children and adolescents (Golberstein
2020, UNESCO 2020a). School closures may even lead to a decrease
in gross domestic product due to the loss of economic productivity
of parents and others caring for children (Kneale 2020). As well as
havingimplications foreconomic productivity, school closures may
also have implications for community transmission, particularly
if closures are implemented before work closures, as there may
be transmission from the home to the workplace. This might be
particularly important in cases where parents work in healthcare
settings.

In light of these negative consequences, most countries have
moved beyond general school closures and instead sought ways to
safely reopen schools during the pandemic (Bonell 2020; Couzin-
Frankel 2020; Dibner 2020; WHO 2020b). In order to ensure that
schools can safely reopen, or stay open, or both, countries have
implemented a wide range of measures at the national or state
level (e.g. legislation), at the level of the school, at the level
of cohorts within the school (e.g. grades, classes, or faculty/
school staff), and at the individual level (including among high-risk
individuals). These measures include organisational interventions,
such as cohorting, staggered attendance, reduced class sizes, mask-
wearing policies, handwashing policies, and other interventions
to either reduce contacts within schools or to make these
contacts safer (Aspinall 2020; Isphording 2020; Macartney 2020;
Monod 2020). They also comprise structural interventions, such as
enhanced cleaning and ventilation practices (Curtius 2020; NCIRS
2020 ), as well as surveillance and response measures, such as
preventative testing, tracing, self-isolation rules for identified cases
and quarantine rules for suspected cases and their contacts (Di
Domenico 2020a; Head 2020).

Why it is important to do this review

Several reviews have sought to understand the role of children and
schools in the transmission of SARS-CoV-2 and their influence on
the course of the pandemic (Fadlallah 2020; NCCMT 2021; Public
Health Ontario 2020; Viner 2021a). While one review examined the
effectiveness of school closures (Walsh 2021), we are not aware
of any review that assessed the impacts of the broad range of
measures implemented in the school setting in a systematic and
comprehensive manner. Also, the reviews conducted to date have
not assessed the impacts that these measures have on outcomes
not related to SARS-CoV-2 transmission, such as transmission of
other viral respiratory diseases, other health outcomes (physical,
psychosocial), and broader societal, economic and ecological
outcomes (Viner 2021a).

In October 2020, in consultation with the World Health Organization
(WHO), the review authors developed a scoping review to map
the evidence of various measures implemented in the school
setting to safely reopen schools and/or keep schools open during
the COVID-19 pandemic (Krishnaratne 2020). The scoping review
identified 42 studies assessing a range of measures undertaken
globally. Included studies used experimental, quasi-experimental,
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and observational designs, as well as various mathematical and
epidemiological modelling techniques. It classified measures into
three broad intervention categories: organisational measures to
reduce transmission of SARS-CoV-2 (e.g. mask-wearing policies,
reduced class sizes, and staggered attendance), structural/
environmental measures to reduce transmission of SARS-CoV-2
(e.g.enhanced cleaning and ventilation practices), and surveillance
and response measures in relation to SARS-CoV-2 infections (i.e.
testing, tracing, self-isolation and quarantine measures). While
the review specified four key outcome categories (transmission-
related outcomes; healthcare utilisation; other health outcomes;
and societal, economic and ecological implications), most studies
focused on transmission-related outcomes. No studies described
outcomes concerned with psychosocial health and well-being
among students and school staff, or economic implications for
parents and other carers.

The vast majority of the identified studies used various modelling
techniques to assess the impact of various measures in schools,
each with its own set of data and assumptions that may not
have been a true reflection of the real-world setting. The scoping
review concluded that there is an urgent need for empirical studies
assessing the effectiveness of the measures to reduce contacts
and to make contacts safer within the school setting (Krishnaratne
2020).

The scoping review informed the development of this rapid review
to synthesise the evidence on the effectiveness of measures
implemented in the school setting to contain the COVID-19
pandemic.

OBJECTIVES

To assess the effectiveness of measures implemented in the
school setting to safely reopen schools, or keep schools open, or

both, during the COVID-19 pandemic, with particular focus on the
different types of measures implemented in school settings and the
outcomes used to measure their impacts.

The review aims to address the following key question.

+ How effective are different types of measures implemented in
the school setting at reducing transmission between students,
teachers and other school staff, and in the wider community
during the COVID-19 pandemic?

It also seeks to examine the following subquestions.

+ What are the implications of these measures for non-
transmission-related outcomes (e.g. healthcare utilisation,
other health outcomes, and societal, economic and ecological
outcomes)?

» How arethese measuresimplemented within the school setting?
METHODS

In this review, we included studies that quantitatively assess
the impact of measures implemented in the school setting to
safely reopen schools, or keep schools open, or both, during the
COVID-19 pandemic. This rapid review was informed by a preceding
scoping review (Krishnaratne 2020) that included a logic model
that describes our a priori, evidence-informed understanding of the
system in which the various measures are implemented (Figure 1).
We used thisin planning the data extraction and evidence mapping,
and adapted it inductively over the course of the scoping review
to include categories and subcategories as they emerged. We used
the revised logic model to describe the identified evidence in the
scoping review (Figure 2). Together with the resulting evidence gap
map (Figure 3), it showed a significant gap in the evidence with
regards to non-transmission-related outcomes.
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Figure 1. A priori logic model
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Figure 3. Evidence gap map in which each square represents the case in which a single included study evaluated
a type of school measure (rows) against an outcome category (columns); additionally, the study type is provided
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We used the revised logic model as a basis for the a priori logic
model informing this rapid review. The criteria for considering
studies for this review, described below, are in line with the logic
model.

To conduct this review, we largely adhered to the rapid review
guidance issued by Cochrane (Garritty 2020), apart from double
screening all titles, abstracts and full texts in order to avoid
overlooking relevant studies. At least one review author checked
all data extractions. One review author conducted risk of bias
assessment, but this was checked and validated by at least
two review authors. A minimum of two review authors applied
GRADE. Moreover, in order to assure the methodological rigour

of this review, we created several mechanisms. First, we assigned
data extraction, risk of bias assessment and synthesis to very
experienced review authors. In addition, we involved a team with
extensive experience on modelling studies to support us with the
data extraction, synthesis and quality assessment. All steps were
piloted with the suggested number of items (i.e. piloting of text/
abstract screening with 50 records; piloting of full-text-screening
with 10 studies; piloting of data extraction with five studies). We
held regular team meetings and kept a list of rolling questions
where we discussed arising questions. The protocol for this rapid
review was reviewed and approved by Cochrane and published
with the Open Science Framework (Krishnaratne 2021). Where
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we adapted these methods, we transparently report on this in
the Discussion section.

Criteria for considering studies
Types of studies

We included studies that provide a quantitative measure of
impact, including experimental and quasi-experimental studies,
observational studies, and mathematical modelling studies.
Non-pharmaceutical interventions to respond to the COVID-19
pandemic had to be decided on and implemented very quickly,
often without the possibility to plan and conduct high-quality
evaluation studies.

Broadly, we included the following types of studies, but considered
all studies providing a quantitative measure of impact, regardless of
whether they fell specifically under one of the following categories.

1. Experimental and quasi-experimental studies:

« randomised controlled trials (RCTs) including cluster-RCTs;
« interrupted time series studies;

« controlled before-after studies and difference-in-differences
studies;

« instrumental variable studies;
« regression discontinuity studies.

2. Observational studies:

cohort studies;
case-control studies.

3. Mathematical modelling studies:

« compartmental models (e.g. SEIR-type models comprising
multiple compartments, such as S: susceptible, E: exposed, I:
infectious, R: recovered);

« agent-based models;

« Bayesian hierarchical models (i.e. models comprising several
submodels to integrate observed data as well as uncertainty);

« spatial models (i.e. modelling disease transmission spatially).

We included mixed methods studies that allowed for extraction of
quantitative impact measures. For certain measures, e.g. symptom
screening or testing within schools, we expected to identify a wide
range of diagnostic test accuracy studies; we included such studies
only if their implementation as part of a school-related measure
and the resulting impact was evaluated.

We considered studies published in journals as well as those
published on preprint servers.

We excluded the following types of studies and publications.

« Studies not providing a quantitative measure of impact (e.g.
studies providing only a graphical summary of the development
of the number of cases over time in relation to the introduction
of control measures, qualitative studies).

« Diagnostic studies that did not provide a quantitative measure
of impact beyond sensitivity and specificity (e.g. test accuracy
studies assessing the sensitivity and specificity of different
screening or diagnostic tests).

« Non-empirical studies (e.g. commentaries, editorials, literature
reviews not reporting primary empirical data).

« Systematicreviews (although these were used for backward and
forward citation tracking; Appendix 1).

« Conference abstracts and reports.

Setting

For this review, we considered schools as any setting with the
primary purpose to provide regular education to children between
4 and 18 years of age. Most countries distinguish between primary
or elementary education and secondary education. The school
could be either an institution where students live on the premises
(e.g. boarding school) or a day school. We defined the school
setting as the school, the school grounds, vehicles to arrive at,
return from or move around in or between school premises,
or any setting related to any activity organised by or linked to
the school. Measures might affect activities carried out in the
classroom, during breaks, during dining, in hallways, in bathrooms,
in faculty rooms, or during transportation and movement around
the campus. Further, by measures ‘in and around’ the school, we
refer to activities such as public transportation to and from the
school, as well as activities between students, staff, and other
populations that take place before/after school, which would not
have taken place if schools were not open. These include structured
activities, such as the participation in sports or other extracurricular
activities, as well as informal activities, such as leisure time
before and after school, long lunch breaks for older students,
and businesses/cafés visited by students and staff throughout the
school day. The context surrounding schools was also considered
in the synthesis and interpretation of results. Whilst setting refers
to the physical location of an intervention, context has been
defined as “a set of characteristics and circumstances that consist
of active and unique factors within which the implementation is
embedded” (Pfadenhauer 2017). In addition, implementation has
been defined as, “an actively planned and deliberately initiated
effort with the intention to bring a given intervention into policy
and practice within a particular setting” (Pfadenhauer 2017). Thus,
we also considered how the intervention interacts with the setting,
as well as context and implementation aspects to produce various
outcomes.

Types of participants

Different groups of people are impacted by measures implemented
in the school setting. These include those directly impacted in the
school setting, such as students, their teachers, and other school
staff. Other populations impacted less directly and outside of the
school setting include carers, families and friends of students,
as well as members of the wider community in which schools
are embedded. Specifically, we included studies that described
populations at risk of becoming infected with SARS-CoV-2, or
developing COVID-19 disease, or both.

Particular populations of interest in this review were:

« students between 4 and 18 years of age (selected studies that
include participants outside of this age range, e.g. studies of a
German school which also included some 19-year-old students,
were included);

» teachers working in the school setting;

« other staff working in the school setting; and
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« individualsindirectly impacted by the school setting (i.e. general
population, parents/carers).

We excluded studies targeting non-human transmission.

Types of interventions

We included studies that assessed the effectiveness of measures
implemented in the school setting and the wider community during
the COVID-19 pandemic. These can be implemented at: (i) the
macro level (e.g. national or regional legislation); (ii) the school
level; (iii) the level of groups, including student cohorts, classes,
grades or faculty/school staff; and (iv) the level of the individual,
including students and teachers at elevated risk of infection or
adverse health consequences of COVID-19, as well as students with
special learning needs, or from disadvantaged families, or both.

In the scoping review, we categorised interventions into
three broad categories, i.e. organisational measures to reduce
transmission of SARS-CoV-2; structural/environmental measures to
reduce transmission of SARS-CoV-2; and surveillance and response
measures in relation to SARS-CoV-2 infections. In the process
of conducting this review, we found that most studies focus on
transmission-related outcomes, and that many interventions are
being implemented in combination with each other. As a result, we
arranged these a priori intervention categories into the following
four broad intervention categories.

« Measures reducing the opportunity for contacts: policies
addressing the timing and organisation of school activities
(e.g. cohorting, alternating physical presence, and staggered
arrival/departure, breaks, and extracurricular activities, blended
learning).

« Measures making contacts safer: policies addressing the
behaviour of students, or school staff, or both (e.g.
mask mandates, distancing regulations, and handwashing
guidelines). Measures altering the physical environment (e.g.
enhanced cleaning and ventilation practices, adding physical
barriers to help individuals avoid contact, and adaptations to
transportation).

« Surveillance and response measures: strategies to screen, or
test, or both, individuals, or groups, or both (e.g. polymerase
chain reaction (PCR) testing of students or staff with symptoms,
antigen testing of students or staff without any symptoms) and
subsequent action (e.g. reactive dismissal of potentially infected
individuals, stay-at-home orders for students or staff who have
come into contact with an infected individual).

« Multicomponent measures: strategies using a combination of
at least two of the aforementioned categories.

In Table 1, the intervention categories as well as the respective
subcategories are described in detail.

We excluded studies if:

« they only described interventions not directly intended to
reduce the transmission of SARS-CoV-2 (e.g. improvements to
online learning platforms); or

o they only described interventions not implemented in the
school setting (as defined above), including a range of
containment and mitigation measures (e.g. community-based
quarantine, personal protective measures, hygiene measures,
bans on mass gatherings and other social-distancing measures).

Types of outcomes

Based on the categories used in the scoping review, we searched
for and classified outcomes into four broad categories, i.e.
transmission-related outcomes; healthcare utilisation; other health
outcomes; and societal, economic and ecological outcomes.
Therefore, we considered the following primary outcomes under
these categories.

1. Transmission-related outcomes:

« cases avoided due to the intervention (e.g. number, proportion,
rate of cases observed or predicted with and without the
intervention)

« number or proportion of deaths;

« shift in pandemic development due to the intervention (e.g.
probability of pandemic, time to or delay in pandemic arrival
or peak, size of pandemic peak, change in the effective
reproduction number);

« other transmission-related outcomes (e.g. risk of transmission
between schools, number of reactive closures due to cases,
number of schools with cases).

2. Healthcare utilisation outcomes:

number or proportion of hospitalisations;
number or proportion of cases requiring intensive care.

3. Other health outcomes:

physical, social and mental health outcomes directly related to
school measures, both positive and negative.

4. Societal, economic and ecological outcomes:

costs, human resources and capacity, educational outcomes
(e.g. days spent in school).

We did not consider studies reporting on other outcomes (e.g.
diagnostic test accuracy).

Search methods for identification of relevant studies

Our search strategy was structured around two main search
components focused on: (i) SARS-CoV-2/COVID-19; and (ii) control
measures implemented in the school setting. We largely followed
the search strategy that was used for the scoping review of school
measures; this was developed for MEDLINE and adapted for other
databases. We limited results to the year 2020, the point at which
publications about schools and the COVID-19 pandemic began to
appear. We did not apply a study design filter as we considered a
wide range of study types for inclusion.

An experienced information specialist adapted and ran systematic
searches on 9 December 2020 in the following electronic databases.

« Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Daily and Versions(R) (1946 to present).

+ Ovid Embase (1996 to present).

« Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane Library (inception to present).

« Educational Resources Information Center (ERIC) via the
Institute of Education Science at the US Department of
Education (2002 to present).
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We also searched the following COVID-19-specific databases on 9
December 2020.

« The Cochrane COVID-19 Study Register (covid-19.cochrane.org),
which contains study references from ClinicalTrials.gov, WHO
International Clinical Trials Registry Platform (ICTRP), PubMed,
Embase, CENTRAL, medRxiv and other handsearched articles
from publishers’ websites.

« The WHO COVID-19 Global literature on coronavirus disease
(search.bvsalud.org/global-literature-on-novel-
coronavirus-2019-ncov), which contains primarily research
(published and/or prepublication) journal articles from
PubMed, Web of Science, Global Index Medicus, Embase, and the
CDC Database of COVID-19 Research Articles. MedRxiv, BioRxiv,
ChemRxiv and SSRN also include prepublications. In addition,
Lanzhou University submits on a daily basis citations from CNKI
as well as a number of Chinese journal publishers.

Moreover, we searched Google to identify relevant items not
captured in any of the six databases. See Appendix 2 for the search
strategies used.

We performed a further top-up search in August 2021 and added
those results to Studies awaiting classification; we will incorporate
these studies into the review at the next update.

Inclusion of non-English language studies

We did not impose any restrictions with regards to languages. Due
to the language skills represented on the team, we considered
studies published in Armenian, English, French, German, Italian,
Russian and Spanish. Where necessary, we sought help with
translation for any other languages. We, however, did not identify
any study meeting our inclusion criteria published in a language
other than English.

Data collection and analysis
Selection of studies

After deduplication, we used standardised title and abstract
screening guidance to calibrate the screening procedures with all
review authors involved with the screening using the same 50 titles
and abstracts. We discussed and resolved all issues and revised the
screening guidance accordingly. Two review authors then screened
all titles and abstracts in duplicate, excluding only those studies
which were clearly irrelevant. Studies that were marked as unclear
were moved forward to the next stage.

We conducted a pilot of the full-text screening; all review authors
involved with full-text screening assessed a set of 10 full-text
studies at the outset (Garritty 2020). The team discussed any
open questions or issues, as well as how to harmonise screening
across all review authors. Two review authors then screened the
remaining full texts in duplicate. Any discrepancies were discussed
by the two screening review authors, and any unclear cases were
discussed with a third review author and/or the review team. At this
stage, a final decision regarding inclusion/exclusion was made.

We used EndNote X9 to manage the collection and deduplication
of records. For title and abstract screening, we used Rayyan, a web-
based application, designed for citation screening for systematic
reviews (Ouzzani 2016). We documented and reported reasons for
the exclusion of full texts using Microsoft Excel (Microsoft 2018)

We recorded reasons for excluding studies during full-text
screening.

Data extraction and management

Two review authors  (shared among ShK, HL and LMP)
independently extracted study characteristics and data from all
included studies using a data extraction form in Microsoft Excel.

We extracted the following main categories of data; relevant
subcategories can be found in the full data extraction form
(see Appendix 3):

«+ study information;

« study design;

« population and setting;
« intervention;

« outcomes and results;
« implementation;

» context.

We piloted and accordingly revised the data extraction form
using five purposively selected heterogeneous studies meeting the
inclusion criteria.

Assessment of risk of bias in and quality appraisal of included
studies

For experimental/quasi-experimental and observational studies,
one review author (from LMP, HL, ShK) assessed the risk of bias
of each included study, using the appropriate tool, and a second
review author checked the assessment. The same process was
followed for modelling studies, undertaken by review authors
with modelling expertise (TL, CIK, AB). Conflicts, questions, or
uncertainties were discussed between these review authors, or
among the larger review team, or both.

We assessed risk of bias for effects reported for all outcomes, using
multiple tools.

For experimental studies, we had planned to use the Cochrane RoB
2 tool (Higgins 2021); however, we did not find any relevant studies
and therefore did not use this tool.

For quasi-experimental and observational studies, we used
ROBINS-I for the assessment of non-randomised studies of
interventions (Sterne 2016); given that we identified different
types of quasi-experimental and observational studies, we also
referred to the Cochrane Handbook for Systematic Reviews of
Interventions for additional guidance on assessing risk of bias
of different types of non-randomised studies (Sterne 2021). We
treated the effect of assignment (intention-to-treat) as the effect
of interest and assessed risk of bias for the following domains:
confounding, selection of participants into the study, classification
of interventions, deviation from intended interventions, missing
data, measurement of outcomes, and selection of reported result.
We judged each domain as low, moderate, serious or critical risk of
bias based on a series of signalling questions. In applying ROBINS-
I, important confounding factors that each study would ideally
be controlled for should be defined a priori. Given the measures
implemented in the school setting, we expected that relevant
studies would be conducted at the cluster level. Based on the
body of evidence identified in the scoping review (Krishnaratne
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2020), important confounding factors would be related to between-
group differences (where multiple groups/cohorts are assessed)
such as age, sex and socioeconomic status. Further, we anticipated
that many of the studies would include co-interventions that
could differ between intervention groups and have an impact
on outcomes. Such co-interventions can be implemented in the
school setting (e.g. handwashing and mask policies) and in the
wider community (e.g. stay-at-home policies, social-distancing
measures, travel restrictions). We managed ROBINS-I assessments
using Google Sheets (https://docs.google.com/spreadsheets/). Due
to the nature of the results presented, we applied the ROBINS-
| tool to the study as a whole rather than to specific outcome
results, as recommended in the guidance. We followed ROBINS-I
and Cochrane Handbook guidance regarding studies at critical risk
of bias, meaning that we excluded any study at critical risk of bias
from the analysis.

For observational screening studies that assessed the effect of
screening and intervention beyond just looking at diagnostic
accuracy, we used the QUADAS-2 tool developed for studies
assessing diagnostic accuracy (Whiting 2011). The tool assesses
risk of bias in each of the following four key domains: patient
selection, index test, reference standard, and flow and timing. Risk
of bias is assessed as to whether the selection of patients could
have introduced any bias into the study, whether the conduct or
interpretation of the index test could have introduced bias, whether
the reference standard, its conduct, or its interpretation could
have introduced bias, and whether the patient flow could have
introduced bias. We only assessed one study using this tool, the
criteria for which can be found in Appendix 4.

There is currently no standardised method for assessing the risk
of bias or appraising the quality of modelling studies within the
systematic review community. In the rapid review of travel-related
control measures, Burns A 2020 describe the challenge of critically
appraising modelling studies by referring to a rapid review of the
methodological literature that sought to identify and summarise
studies describing criteria for assessing the quality of mathematical
modelling studies). This review suggested that an assessment of
the quality of a modelling study should capture the aspects of:
(i) model structure; (ii) input data; (iii) different dimensions of
uncertainty; (iv) transparency; and (v) validation. Based on these
findings, Burns A 2020 developed a tool for the assessment of
modelling studies which we applied in this review (Appendix 5). The
tool comprises 10 questions, each of which can be given a rating
of ‘no to minor concerns’; ‘moderate concerns’ or ‘major concerns’.
This tool does not combine multiple criteria into a summary score.
Therefore, we used this toolin our assessment of modelling studies,
including studies that used only modelling as well as experimental
studies with a modelling component.

Contacting study authors

In our review protocol, we had specified that we would contact
study authors in case of missing information. The overall reporting
of studies was reasonable, and it was therefore not necessary to
contact study authors.

Data synthesis

Based on the very heterogeneous evidence base identified in the
scoping review, we anticipated that meta-analyses would likely
not be possible in most or all cases. We considered the published
Synthesis Without Meta-analysis (SWiM) guidance as a basis for

the reporting of results (Campbell 2020a). We summarised and
reported the extracted data for each of the four broad intervention
categories and the specific interventions contained within them.
We used these categories for our synthesis and we present
findings in a tabular, narrative or graphical manner. We analysed
and presented findings from empirical studies and modelling
studies separately. A third review author double-checked all
data presented in the tables, text and graphics. When assessing
observational studies which reported adjusted and unadjusted
outcomes, we aimed to assess adjusted outcomes as much as
possible.

Assessment of heterogeneity and subgroup analyses

In the absence of meta-analyses, we did not conduct a statistical
assessment of heterogeneity, nor did we statistically assess
differences between subgroups. We narratively explored the
influence of potentially important sources of heterogeneity on
the impact of interventions. In modelling studies, we did this
by examining multiple scenarios presented using varying key
parameters. We focused on heterogeneity in terms of population,
intervention, or outcomes, and across contexts. We considered the
following sources of heterogeneity.

« School type (i.e. primary, secondary), or age group of students,
or both.

o Classsize.

« Community transmission at the time at which the intervention
was implemented (i.e. impacts of measures are likely to be
different in countries or regions according to the disease
prevalence or transmission patterns within communities,
regions or countries).

« Other local or national measures implemented (e.g. workplace
closure, travel-related control measures).

+ Leveloftheintervention (i.e.interventionimplementation atthe
macro, school, or individual level).

« Intervention trigger (i.e. cause for the initiation of
implementation within or outside of the school setting).

« Geographical location (i.e. region or country).
« Socioeconomic status of target population.

The scoping review findings suggested that it would likely not be
possible to undertake most of these subgroup analyses, due to the
information rarely being reported.

Assessment of the certainty of the evidence

We used the GRADE approach to assess the certainty of evidence
for bodies of evidence within four broad intervention categories
(Hultcrantz 2017). An initial assessment jointly made by ShK; HL,
and LMP was shared with other review authors (TL, CIK, AB, JB)
and a joint decision regarding the certainty of evidence ratings was
made. The completed GRADE tables for each intervention category
can be found in (Summary of findings 1; Summary of findings 2;
Summary of findings 3; Summary of findings 4).

The certainty of evidence is defined in GRADE as the extent to
which one can be confident that the true effect of an intervention
lies on one side of a specified threshold, or within a chosen range
(Hultcrantz 2017). In this rapid review, we considered 'difference
from the null' as the most relevant threshold, assuming that even

Measures implemen