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Background It is of paramount importance to understand the

transmission of SARS-CoV-2 in schools, which could support the
decision-making about educational facilities closure or re-open-
ing with effective prevention and control measures in place.

Methods We conducted a systematic review and meta-analysis to
investigate the extent of SARS-CoV-2 transmission in schools. We
performed risk of bias evaluation of all included studies using the
Newecastle-Ottawa Scale (NOS).

Results 2178 articles were retrieved and 11 studies were includ-
ed. Five cohort studies reported a combined 22 student and 21
staff index cases that exposed 3345 contacts with 18 transmissions
(overall infection attack rate (IAR): 0.08%, 95% confidence inter-
val (CI)=0.00%-0.86%). IARs for students and school staff were
0.15% (95% CI=0.00%-0.93%) and 0.70% (95% CI=0.00%-
3.56%) respectively. Six cross-sectional studies reported 639
SARS-CoV-2 positive cases in 6682 study participants tested
[overall SARS-CoV-2 positivity rate: 8.00% (95% CI=2.17%-
16.95%). SARS-CoV-2 positivity rate was estimated to be 8.74%
(95% Cl=2.34%-18.53%) among students, compared to 13.68%
(95% Cl=1.68%-33.89%) among school staff. Gender differ-
ences were not found for secondary infection (OR=1.44, 95%
CI=0.50-4.14, P=0.49) and SARS-CoV-2 positivity (OR=0.90,
95% C1=0.72-1.13, P=0.36) in schools. Fever, cough, dyspnea,
ageusia, anosmia, rhinitis, sore throat, headache, myalgia, asthe-
nia, and diarrhoea were all associated with the detection of SARS-
CoV-2 antibodies (based on two studies). Overall, study quality
was judged to be poor with risk of performance and attrition bias,
limiting the confidence in the results.

Conclusions There is limited high-quality evidence available to
quantify the extent of SARS-CoV-2 transmission in schools or
to compare it to community transmission. Emerging evidence
suggests lower IAR and SARS-CoV-2 positivity rate in students
compared to school staff. Future prospective and adequately con-

trolled cohort studies are necessary to confirm this finding.
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Globally, there have been at least 29737453 confirmed Coronavirus
Disease 2019 (COVID-19) cases and 937391 deaths have occurred
in 216 countries/territories according to the report of WHO from 17

Parow
South Africa
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September 2020 [1]. In response to the pandemic of novel COVID-19 caused by a severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), 107 countries had implemented national school closures by
March 18 2020 to reduce transmission [2].

Initial evidence suggests children have lower susceptibility and relatively small proportion of infections,
compared to adults [3]. Children also have milder cases and better prognosis than adults [4]. According
to data from 29 countries, the proportion of children among COVID-19 cases varies from 0.3% (lowest
in Spain) up to 13.8% (highest in Argentina) [5].

Many schools closed at the beginning of the COVID-19 pandemic and therefore it is not known whether
children are at risk of higher transmission in school settings compared to community settings. Multiple
countries around the world have now re-opened schools for face-to-face teaching with varying non-phar-
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maceutical interventions (NPIs) in place including physical distancing measures, wearing of face masks,

enhanced hand hygiene, reduced class sizes, and staggered class start and end times [6]. Evidence on
SARS-CoV-2 transmission in schools could support decision-making about schools/childcare facilities
closure or re-opening with effective COVID-19 prevention and control measures in place.

A living systematic review to investigate the evidence of SARS-CoV-2 transmission in the school environ-
ment is presented. We aim to keep updating this systematic review to include new studies as they become
available and to re-evaluate the conclusions given the rapid pace of ongoing research.

METHODS

Protocol

The protocol of this living systematic review was developed in accordance with the reporting guidance in
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) statement
[7] and was registered on PROSPERO (register number: CRD42020192839) [8].

Literature search and eligibility criteria

We ran a systematic search in MEDLINE, CINAHL, ERIC, Embase, WHO COVID-19 database, medRxiv,
The American Academy of Pediatrics (AAP), The Royal College of Paediatrics and Child Health (RCPCH),
and Do not forget the bubbles websites with entry date limits from December 2019 to 14 July 2020 (please
see search strategies in Appendix S1 of the Online Supplementary Document), to identify studies that
investigated SARS-CoV-2 transmission in schools. We ran an updated search in MEDLINE up to 14 Sep-
tember 2020. We further hand-searched reference lists of the retrieved eligible publications to identify
additional relevant studies. We reviewed titles, abstracts, and subsequently full texts based on pre-de-
fined inclusion and exclusion criteria following the population, exposure, comparison, outcome (PECO)
approach. We included children (defined as <18 years old) who were attending school, and their close
contacts (family and household members, teachers, school support staff) during the COVID-19 pandemic.
We excluded home-schooled children and their close contacts and schools with student numbers below
20. For study outcomes, we included infections traced to a school index case with a COVID-19 positive
test. For study types, inclusion criteria spanned cohort studies regardless of active or passive follow-up
in the exposed and non-exposed groups (eg, contact-tracing studies), viral genotyping studies, cross-sec-
tional studies (eg, sero-surveillance studies, community prevalence studies before and after school open-
ing). We included articles in peer-reviewed journals and pre-prints, and excluded comments, conference
abstracts and interviews.

Data extraction

Data relevant to the evidence for SARS-CoV-2 transmission in schools were extracted including: citation
details, publication type, study design, country, region, city, investigation period, background popula-
tion setting (country/regional COVID-19 prevalence rates where reported), types of non-pharmaceutical
intervention in the background population setting, school closures at the time of the study, number of
schools included, type of schools, size of schools, types of non-pharmaceutical interventions in place in
schools, sampling method (nasopharyngeal or oropharyngeal swabs/ serum samples), provider testing
vs self-testing, testing method (PCR/ SARS-CoV-2 antibody testing), modality of follow-up, frequency
of follow-up, case and contact demographics (age and gender), clinical characteristics, number of index
cases, number of contacts, number of secondary infected cases, infection attack rates (IAR): No. of sec-
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ondary infected cases/ No. of contacts, number of participants tested for SARS-CoV-2, number of SARS-
CoV-2 positive cases, and SARS-CoV-2 positivity rates: No. of positive cases/ No. of participants tested.
Data were extracted by one reviewer (WX) and checked by a second reviewer (YH).

Meta-analysis

We pooled together SARS-CoV-2 infection attack rates (IAR) and positivity rates using a random-effects
model (DerSimonian-Laird) [9]. To account for zero cell counts, we transformed raw numbers/propor-
tions with the Freeman-Tukey double arcine method to stabilize the variance [10].

We performed further random-effects meta-analyses (DerSimonian-Laird) of the association of SARS-
CoV-2 positivity with gender and clinical symptoms. Symptoms were further categorized as major (fever,
cough, dyspnoea, anosmia and ageusia) or minor (sore throat, rhinitis, myalgia, diarrhoea, headache, as-
thenia) [11,12].
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Heterogeneity among studies was tested using Cochran’s Q statistic, the I* index, and the tau-squared test
[13]. Funnel plots and the Egger test were used to detect evidence of publication bias [14]. P<0.05 was
considered as statistically significant (two-sided).

Assessment of methodological quality and risk of bias

We applied the Newcastle Ottawa Scale (NOS) for controlled cohort studies to reflect the school setting
[15] and used the NOS as a foundation to evaluate the quality of cross-sectional studies informed by ear-
lier work [16]. The tools included an assessment of selection, measurement and attrition bias, and com-
parability. The tool is available in the supplementary materials (Appendix S2 of the Online Supplemen-
tary Document).

All statistical analyses were conducted using R, version 3.3.0 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

The initial search retrieved 2178 articles. After screening, 11 studies were eligible for inclusion (Figure
1), including five cohort studies [17-21] and six cross-sectional studies [11,12,22-25]. We did not iden-
tify viral genotyping studies.

E Studies for title, abstract and full-text screening (N=2178)
,E' (MEDLINE, CINAHL, ERIC, Embase, WHO COVID-19 database, medRxiv: n=1494}
g (AAP, RCPCH, Do not forget the bubbles: n=684)
=
PR Studies excluded (n=2167)
E' Studies were excluded if they did not report
. -
5 any information on COVID-19 transmission in
& school settings
z Studies included in synthesis and meta-analysis (n=11)
=
=
o
[=
- ‘L v
o
=
4 Cohort studies Cross-sectional studies
5]
= (n=5) {n=6)

Figure 1. Flowchart summarizing study identification and selection.
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Characteristics and quality of the included studies

The study characteristics of the 11 included studies are presented in Table 1, Table 2, Table 3, and Ta-
ble 4.

Table 1. Characteristics of cohort studies (N =5)
No. COVID-19  Non-harmaceuri-  ScHoo  ScrooL

Stuoy PUB;I;::TIDN I?E]-Sl:::l Country Recion Crry INVEPSE];;‘:-IUN CASES (BAI:I(GRD[INI] CAL INTERVENTIONS CLOSURES CLOSURES
POPULATION)* (counry/recion)  (Yes/ No)  (Dare)
Danis 2020 [17] peer-review  cohort  France  Rhne-Alpes Les Contam- 24 Jan-16 Feb 9 [26] NA Yes 8 Feb
ines-Montjoie
Heavey 2020 [18] peer-review  cohort  Ireland NA NA 1-13 Mar 90 [27] NA No 12 Mar
Yung 2020 [19] peer-review  cohort  Singapore NA NA Feb-Mar 1189 [28] NA No NA
NCIRS 2020 [20] pre-print  cohort  Australia New South NA 10 Apr-3 Jul 437 [29] NA 10-28 10-28
Wales Apr: Yes; Apr
29 Apr-3
Jul: No
Macartney 2020 [21]  peer-review cohort — Australia  New South NA 25 Jan-9 Apr 2779 [29] NA No NA
Wales

*No. of COVID-19 cases for background population was not reported in original studies and was obtained from countrys official website.

Cohort studies

A cluster outbreak in schools was reported in Australia New South Wales (NSW) during 25 January-9 April
[21]. In NSW, 15 primary and secondary schools, and ten early childhood education and care (ECEC)
settings had 27 primary SARS-CoV-2 positive cases including 12 children and 15 school staff attending
while infectious, with 1448 contacts traced. Secondary transmission was reported in three schools and
one ECEC. Eighteen secondary infected cases were found among a total of 1448 close contacts. IARs for
primary school, secondary school, ECDC and overall were 0.92%, 0.00%, 2.25% and 1.24% respectively.
Transmission rate of student-to-student was 0.31%, and student-to-school staff was 0.97%. By compar-
ison, transmission rate of school staff-to-student was 1.49% and school staff-to-school staff was 4.38%.

The remaining three studies in France (Les Contamines-Montjoie), Ireland, and Singapore and a follow-up
of the NSW Australian study indicated that the extent of any student-to-student and/or student-to-school
staff transmission is limited [17-20].

In France (Les Contamines-Montjoie), a 9-year-old child attended three different schools while symptom-
atic, and of the 102 contacts identified, no secondary infections occurred [17].

A study in Ireland investigated SARS-CoV-2 transmission in schools before school closures on 12 March
and did not identify any cases of onward transmission to other students or school staff [18]. In this study,
six primary COVID-19 cases including three students, one teacher and two adult visitors who attended
educational sessions were identified and 1155 contacts (924 student contacts and 101 adult contacts)
were identified.

During February and March, nationwide surveillance and contact-tracing in Singapore identified two SARS-
CoV-2 positive students (5-year-old and 12-year-old) who attended pre-school and secondary school on the
first day of their symptoms before subsequently being diagnosed with COVID-19, and one school staff who
worked in a pre-school [19]. Screening of 119 students and staff who were close contacts (secondary school:
n=8; pre-school 1: n=34; pre-school 2: n=77) did not detect any SARS-CoV-2 infection.

In the NSW follow-up study, (school term 2 of the academic year between 10 April and 3 July), six SARS-
CoV-2 positive cases including four students and two school staff attended three primary schools, two
high schools and one ECEC while infectious, and 521 contacts (459 student contacts and 62 adult con-
tacts) were identified [20]. No secondary infection was reported.

Cross-sectional studies

A study in Belgium measured the prevalence of SARS-CoV-2 in randomly sampled 84 children attend-
ing eight daycare centres during the period 2-12 March, and found all analyzed samples were negative
for SARS-CoV-2 [25].

Four studies in Chile (Vitacura, Santiago), Germany (Saxony), and France (Crépy-en-Valois) identified an-
tibody positive cases in schools, and overall seroprevalence varied from 0.01% to 25.87% [11,12,23,24].
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Study

Danis (2020)
Heavey (2020)
Yung (2020)
NCIRS (2020)
Macartney (2020)

Fixed effect model
Random effects model
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Heterogeneity: /% = 86%, * = 0.0028, p < 001

A large school community was closed on 13 March in Chile (Santiago) and during quarantine, a home-de-
livery and self-administered antibody test were conducted among 1009 students and 235 school staff
[23]. Antibody positive rates were 9.91% (100/1009) and 16.60% (39/235) respectively. Antibody positive
rates for pre-school, elementary school, middle school and high school were 12.24%, 10.84%, 11.80%
and 5.69%. The peak rate was observed in pre-school.

After reopening of schools in Germany (Saxony) on 18 May, 1538 students from grade 8-11 and 507
teachers in 13 secondary schools were tested for SARS-CoV-2 antibody to investigate their role in SARS-
CoV-2 transmission in schools [24]. The overall antibody positive rate was 0.58% (12/2045), and 0.72%
(11/1538) for student and 0.20% (1/507) for school staff.

In France (Crépy-en-Valois), two sero-prevalence studies were conducted between 30 March-30 April in
one high school (n=661) and six primary schools (n=1340) [11,12]. Antibody positive rates were 25.87%
(171/661) in the high school and 10.37% (139/1340) in primary schools. Specifically, seropositivity prev-
alence was 38.33% (92/240), 48.75% (39/80) among students and staff in high school. By comparison,
seropositivity prevalence was 8.82% (45/510), 5.71% (4/70) among students and staff in primary schools.

In Israel, ten days after schools reopened on 17 May, two index student cases were reported in a high
school [22]. SARS-CoV-2 real-time PCR tests were provided to 1161 students and 151 school staff, a total
of 178 positive cases (overall positivity: 13.57%) including 153 students (student positivity: 13.18%) and
25 school staff (staff positivity: 16.56%) were identified. SARS-CoV-2 positive rates were higher in junior
grades for students aged 12-14 years old than in high grades for students aged 15-18 years old. The peak
rates were observed in the 9th grade (14 year-old, 32.62%) and the 7th grade (12 year-old, 20.30%).

SARS-CoV-2 infection attack rate

We combined SARS-CoV-2 IARs in schools in meta-analyses (Table 5). A total of five cohort studies early
in pandemic before lockdown were included with 18 secondary infected cases in 3345 contacts [17-21].
The pooled IAR of total study participants was calculated to be 0.08% (95% CI=0.00%-0.86%) by using
the Freeman-Tukey double arcine transformation and DerSimonian-Laird random-effects model (Figure
2, Panel A). The heterogeneity in this meta-analysis was substantial with an I? value of 86.2%. There was

no evidence of publication bias (Eggers test P=0.661;

Weight Weight :
Events Total Proportion  95%-Cl (ﬁ.xgd) (nn;:m) Flgure 2, Panel B and O).
0 102+ 0.00 [0.00;0.04] 3.1%  14.0% .
0 155HE- 000 o000 345% 242%  We estimated the pooled IARs for students and school

0 s o povoon mew 2% staff separately: 0.15% (95% CI=0.00%-0.93%) and
18 1448 0.01 [0.01;0.02] 43.3% 246%

: 0.00][0.00: 0.00] 190.0% . 0.70% (95% CI=0.00%-3.56%), respectively (Figure 3,
o fnoioon - 0% Panel A, and Figure 4, Panel A). Heterogeneity was high

and there was no evidence of publication bias (Figure 3,

'
3345
<

00.005 0015 0.025 0.035

Standard Error
002 001 0.00
1 L I

0.03
1

0.04
1
N,

005
1

N Panel B and C; Figure 4, Panel B and C).

o : SARS-CoV-2 positivity rate

We also meta-analyzed SARS-CoV-2 positivity rates in
schools (Table 6) from a total of six cross-sectional stud-
: \ ies which included 639 SARS-CoV-2 positive cases in 6682

i | participants tested [11,12,22-25]. The result of the ran-

000 ;05 or0 ors dom effect meta-analysis showed that the pooled SARS-
Freeman-Tukey Doubls Arcine Transformed Proporton CoV-2 positivity rate of total study participants was 8.00%
(95% Cl=2.17%-16.95%) with substantial heterogeneity

Standardised treatment effect (z-score)

(I’=99.2%) (Figure 5, Panel A), but no evidence of pub-
lication bias (Figure 5, Panel B and C).

Specifically, the positivity rates of SARS-CoV-2 was es-
timated to be 8.74% (95% CI=2.34%-18.53%) among
oo o o students (Figure 6, Panel A), compared to 13.68% (95%
CI=1.68%-33.89%) among school staff (Figure 7, Pan-

el A). Heterogeneity was reported with I? value of 98.9%
2 40 5 and 98.1%. Funnel plot with Eggers test (P=0.498 and

Inverse of standard error

0.129) suggested that there was no notable evidence of

Figure 2. Overall infection attack rate. Panel A. Forest plot. Panel publication bias (Figure 6, Panel B and C; Figure 7, Pan-
B. Funnel plot. Panel C. Eggers plot. el Band O).
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Figure 4. School staff infection attack rate. Panel A. For-
est plot. Panel B. Funnel plot. Panel C. Eggers plot.

Figure 3. Student infection attack rate. Panel A. Forest plot.
Panel B. Funnel plot. Panel C. Eggers plot.
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Figure 5. Overall SARS-CoV-2 positivity rate. Panel A. For-
est plot. Panel B. Funnel plot. Panel C. Eggers plot.

Figure 6. Student SARS-CoV-2 positivity rate. Panel A. For-
est plot. Panel B. Funnel plot. Panel C. Eggers plot.
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al We also explored symptoms association with SARS-CoV-2 é’ %
: y . positivity (Table 8). Symptoms data was available from two
= - i = = sero-prevalence studies for both students and staff [11,12].
Frooman-Tukoy Doulo Arcsina opo Study participants who had experienced major symptoms
¢ 5 were more likely to test positive, compared to those who
g ° had had minor or no symptoms (27.09%, 10.98%, and
§ £ < 8.98%, respectively, P<0.001). Fever, cough, dyspnea, age-
H usia, anosmia, rhinitis, sore throat, headache, myalgia,
§ - - asthenia, and diarrhoea were all associated with the de-
g o tection of SARS-CoV-2 antibodies (Table 8). The most fre-
s o quently reported symptoms were anosmia 84.27% (95%
T " T T T CI=76.64%-90.59%), ageusia 79.58% (95% CIl=58.86%-
ovres o i 94.50%), myalgia 30.61% (95% Cl=11.05%-54.74%), fever
Figure 7. School staff SARS-CoV-2 positivity rate. Panel A. 29.88% (95% Cl1=8.32%-57.73%), and diarrhoea 29.15%
Forest plot. Panel B. Funnel plot. Panel C. Eggers plot. (95% Cl=8.74%-55.32%).

Tahle 7. Gender differences in SARS-CoV-2 infection attack rate and positivity rate

Stuby TvpE Numeer of stupies  n (posiTive cAses) N (mate) i s::(;ilsr)m N (FemaLe) \gltzm‘:l:) 95% CI P-vaLue c"':"u"m 1> Tav-savare  P-Eccer
Cohort (IAR)

1 7 594 7 854 1.44 0.50-4.14  0.49 NA NA NA NA
Cross-sectional (positivity rate)

4 268 2082 359 2475 0.90 0.72-113 036 496 395 0.02 0.01

CI - confidence interval, IAR — infection attack rate, OR — odds ratio, NA — not applicable

Study quality

We considered contact-tracing studies as potential controlled cohort studies with the contacts of the in-
dex case representing the exposed group and the non-contacts who were in the school environment rep-
resenting the unexposed group (a proxy community control group). Studies performed well in terms of
representativeness of the groups and comparability. All studies employed active symptom screening in
the exposed group with four of five studies employing passive or no screening in the unexposed groups
and no testing. This difference in screening and testing introduces a risk of measurement bias. In a single
study of three schools in Singapore [19], both the exposed and unexposed groups underwent PCR test-
ing regardless of symptoms. Follow-up rates were reported for the exposed groups with less than 80%
follow-up for all studies introducing a high risk of attrition bias across studies (Table 9).

For cross-sectional studies, we noted that while the sample for the target school population was repre-
sentative, four out of six studies experienced poor response rates, introducing selection bias. Studies per-
formed variably across other domains (Table 10).

DISCUSSION

This systematic review summarizes the most recently available evidence to understand SARS-CoV-2 trans-
mission in schools and includes an assessment of study quality to aid interpretation. The results from
cohort and cross-sectional studies found that the overall IAR and SARS-CoV-2 positivity rate in school
settings are low, and confirmed that students reported both lower IAR and SARS-CoV-2 positivity rate
compared to school staff. However, the quality of studies limits our confidence in the observed results.
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Table 9. Quality assessment using the Newcastle-Ottawa Scale for cohort studies

Tahle 8. Clinical symptoms

Cross-sectionat stupies (N = 2)

Symptoms n (positive cases) N Seropositivity rate (%) 95% CI P-value  Cochrane Q s Tau-square

Symptom severity:

None 61 811 8.98 2.38-19.09 13.97 92.80 0.01

Minor 37 357 10.98 3.75-21.22 6.57 85.20 0.01

Major 212 833 27.09 10.23-48.36  <0.001 40.17 97.50 0.02

Ageusia Yes 93 118 79.58 58.86-94.50  <0.001 6.16 83.80 0.02
No 217 1883

Anosmia Yes 91 108 84.27 76.64-90.59  <0.001 0.03 0.00 0.00
No 219 1893

Asthenia Yes 135 513 27.79 13.02-45.55 <0.001 17.27 94.20 0.02
No 175 1488

Cough Yes 127 581 2291 8.15-42.29 <0.001 25.24 96.00 0.02
No 183 1420

Diarthoea  Yes 65 238 20.15 8.74-55.32 <0.001 16.70 94.00 0.03
No 245 1763

Dyspnoea Yes 60 213 28.58 16.79-42.03 <0.001 4.29 76.70 0.01
No 250 1788

Fever Yes 127 461 29.88 8.32-57.73 <0.001 36.22 97.20 0.04
No 183 1540

Headache Yes 126 525 25.57 7.81-49.08 <0.001 31.25 96.80 0.03
No 184 1476

Myalgia Yes 109 366 30.61 11.05-54.74  <0.001 22.59 95.60 0.03
No 201 1635

Rhinitis Yes 117 506 22.37 6.72-43.70 <0.001 27.56 96.40 0.03
No 193 1495

Sore Yes 86 439 20.44 7.60-37.41 0.007 15.57 93.60 0.02

throat No 224 1562

CI — confidence interval

Sewecrion Bias CompaRABILITY Derecrion Bias Arrition Bias

Represen- Representa- Outcome  Matching for
Stuov ID tativeness tiveness of  Ascertainment not present school Matching Assessment AConﬁrma— Adequacy - Loss-to-

of exposed  unexposed of exposure  atstartof  mitigation for age Of SARS- tion of SARS- ~of length of ~follow-up

aroup aroup study Dalicies CoV-2 CoV-2 follow-up rate

Danis 2020 [17] * * * NR * ® NR NR * NR
Heavey 2020 [18] * * NR NR * ® NR NR * NR
Yung 2020 [19] * * * NR * ® NR * * NR
NCIRS 2020 [20] * * * NR * ® NR NR * NR
Macartney 2020 [21] * * * NR * ® NR NR * NR

* — denotes that the

study met the criteria; NR — denotes either that the study did not meet criteria or that it was not reported

Tahle 10. Quality assessment using a modified Newcastle-Ottawa Scale for cross-sectional studies

ArTRITION

S CompaRABILITY

SELECTION BIAS PERFORMANCE BIAS DerecTion BIAS

Represen-  Percent-  Ascertain- Confir- Blinding  Ascertain- Confirma- Blinding of Percent-  Compa- Compara-
Sty ID tativeness age partic-  mentof  mation of  of asses- mentofex- tionofex- assessorsto  agein rablein  ble in age

of sample  ipation =~ COVID-19 COVID-19  sors to posure to  posure to  COVID-19 final anal-  school

prior ex- COVID-19 COVID-19 status ysis
posure

Torres 2020 [23] * * NR NR NR * NR NR NR * *
Armann 2020 [24] * NR * * * * NR * NR * *
Desmet 2020 [25] * NR * NR NR NR NR NR * * *
Fontanet 2020, High [11] * NR * * ® * NR * * NR NR
Fontanet 2020,Primary [12] * NR * NR * * NR * * NR NR
Stein-Zamir 2020 [22] * * * NR NR * NR NR * * *

* — denotes that the study met the criteria; NR — denotes either that the study did not meet criteria or that it was not reported
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Transmission of COVID-19 by children in schools

Cohort studies reported limited evidence of SARS-CoV-2 transmission in school settings. Compiling the
data from five studies of school exposures early in pandemic before lockdown, we report an overall IAR of
0.08% (95% CI=0.00%-0.86%). Clusters in educational facilities were identified in one of the five report-
ing countries, and those that occurred were limited in number and size [21]. NSW did not close schools
during the beginning of COVID-19 pandemic. Transmission rates of student-to-student, student-to-staff,
staff-to-student and staff-to-staff were 0.31%, 0.97%, 1.49% and 4.38% respectively. Students reported
lower IAR than school staff. In addition, there is uncertainty about in which grade school children are
more likely susceptible to and transmit SARS-CoV-2. IARs for ECDC (<6 years old), primary school (6-
12 years old), and secondary school (12-18 years old) were 2.25%, 0.92%, 0.00% respectively in NSW.
The data are limited to reach a consensus. However, the clusters in NSW demonstrated that classroom
crowding and other factors related to physical distancing may play a role in the spread of SARS-CoV-2
under the school environment. Many countries such as Denmark, Austria, Finland, Norway have imple-
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mented various prevention and control measures [33] and those countries have smaller classroom sizes
compared to Australia [34]. The remaining four studies in France (Les Contamines-Montjoie), Ireland,
Singapore, Australia (NSW) reported that transmission rate from student-to-student, student-to-staff, staff-
to-student and staff-to-staff was 0.00% [17-20]. The limited evidence available to quantify the extent of
SARS-CoV-2 transmission in school settings, reflects the fact that cluster outbreaks have been studied and
reported relatively infrequently in schools to date. Effective implementation of NPIs such as physical dis-
tancing, small-size class, cancellation of mass gatherings, and hand hygiene is likely to further limit our
ability to study school transmission [6].

Cross-sectional studies estimated the proportion of SARS-CoV-2 positive cases, to give an insight into how
many people have been infected in schools. As described above, the positivity results in the general study
population under school environment varied from 0.00 (lowest in eight daycare centers in Belgium) to
25.87% (highest in one high school in France), which is likely to reflect the community positivity rate
at the time the study was conducted [11,12,22-25]. The lower positivity rate in students suggested that
students are less susceptible to infection and/or less frequently infected than adult school staff, which in-
dicated that students are not at higher risk of causing super-spreading events in schools. Our finding is in
line with many previous studies comparing sero-prevalence between children and adults [35-39]. How-
ever, the quality of the included studies is low and we should interpret the result with caution. Sero-prev-
alence results from Sweden in which schools remained open, demonstrated that 5-19 year-olds (6.0%,
95% CI 2.3%-10.2%) children had similar sero-prevalence to 20-49 year-olds (8.5%, 95%CI 4.99-11.7)
adults [40]. We suggest more specialised and large-scale sero-surveillence studies need to be conducted to
monitor SARS-CoV-2 infection during school opening. In addition, there is no consensus about in which
grade school children have higher susceptibility to SARS-CoV-2 Infection. SARS-CoV-2 positive rates for
pre-school (<6 years old), primary school (6-12 years old), middle school and high school (12-18 years
old) were 12.24%, 10.84%, 11.80% and 5.69% in Chile (Santiago). The peak rate was observed in pre-
school. By comparison, SARS-CoV-2 positive rates were 8.82% in primary schools (6-12 years old) in
France (Crépy-en-Valois), and were 0.72% in middle schools (12-16 years old) in Germany (Saxony), and
38.33% in high schools (12-18 years old) in France, 13.18% in high schools (12-18 years old) in Israel.

A single study in Israel investigated whether school transmission increased relative to community trans-
mission. Compared with the school-closure period, the total number of COVID-19 cases increased, and
the proportion of infected children increased from 19.8% to 40.9% in the community. However, the role
of school in the significant COVID-19 increase in the community was unclear because school re-opening
coincided with the relaxation of other prevention and control measures [22].

We did not find any gender differences for secondary infection and SARS-CoV-2 positivity in schools. The
lack of sex-disaggregated data for student and school staff specifically in the reviewed studies enhanced
the difficulty to further explore potential explanations for the findings in gender.

The main clinical symptoms for COVID-19 patients were anosmia (84.3%), ageusia (79.9%), myalgia (30.6%),
fever (29.9%), diarrhoea (29.2%), dyspnea (28.6%), and cough (22.9%). We should interpret the result with
caution because the symptom data only come from two sero-surveillance studies carried out in one high
school (n=661) and six primary schools (n=1340) in France (Crépy-en-Valois). Studies from Italy [41-43],
Germany [44], UK [45], Turkey [46] and Sweden [47] also reported similar clinical symptoms in children.
In addition to common respiratory symptoms, gastrointestinal symptoms such as diarrhoea were present in
around 25% of pediatric patients [48]. It is noted that the persistent shedding of SARS-CoV-2 in stools of
infected children has been consistently reported, showing that SARS-CoV-2 may be present in the gastroin-
testinal tract for a longer duration than viral presence in the respiratory system, compared to adults [49-51].
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The main strength of this study is that it provides a critical assessment of the published epidemiological
evidence on SARS-CoV-2 transmission risk in the school environment. In addition, we estimated pooled
IARs and SARS-CoV-2 positivity rates for students and school staff, and to our best knowledge, this is
the first meta-analyses conducted, to investigate what is the rate of SARS-CoV-2 transmission in schools.
However, the following potential limitations should be considered. First, further interpretation of age-
group differences in IARs and positivity rates could not be performed because 80.0% (4/5) of included
cohort studies and 50.0% (3/6) of included cross-sectional studies did not specify the ages of students
and school staff. The remaining four included studies did not provide the raw data and we could not uni-
fy different age groups to run the meta-analysis. Second, cross-comparisons between IARs and positivity
rates reported in different regions/countries is difficult because of differences in the sampling and test-
ing methods used, timing of the studies in relation to the outbreak, response measures and underlying
community transmission. Moreover, the differences may contribute to the heterogeneity observed in the
meta-analyses results and raise methodological concerns around the validity of the meta-analysis. Due to
the limited number of included studies, we could not conduct subgroup meta-analyses to further inves-
tigate the heterogeneity. As this is a living review, we anticipate that with the addition of more, well-con-
ducted studies over time, heterogeneity may improve. Third, only two studies in the included 11 studies
(18.2%) reported prevention and control measures in place in schools such as class size, physical dis-
tancing, and staggered class start and end times, making it difficult to further investigate the effectiveness
of NPIs under the school environment. Forth, only one study (9.1%) compared school transmission rate
with community transmission rate. Few studies have assessed the impact of school opening on trans-
mission outside the school. Thus, we additionally searched studys background sero-prevalence or SARS-
CoV-2 case rate per 100000 population online, however, the data are limited. We suggest future studies
could investigate this research question: does school increase or decrease transmission to the community.
Fifth, although there is no evidence for publication bias, the number of included studies were less than
ten. When there are fewer studies, the power of the tests is too low to distinguish chance from real asym-
metry. Therefore, results should be interpreted with caution. Lastly, the majority of included studies are
pre-print publications and have not been peer-reviewed. The quality of the included studies is low and
we should interpret the results with caution.
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CONCLUSION

In conclusion, although there is limited evidence available to quantify the extent of SARS-CoV-2 trans-
mission in schools, the balance of evidence so far indicates that the overall IAR and SAR-CoV-2 positivity
rate in the school environment are low. Specifically, lower IAR and positivity rates were reported in stu-
dents compared to school staff, but poor study quality limits our overall confidence in these results. How-
ever, it is important to implement effective NPIs such as physical distancing, small-size class to prevent
schools from becoming a setting for accelerating onward transmission during the re-opening of schools.
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