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ABSTRACT

OBJECTIVE To assess the risk of transmission of
SARS-CoV-2 in schools in Norway mainly kept open
during the covid-19 pandemic in the academic year
2020-21.

DESIGN Population wide, register based cohort
study.

SETTING Primary and lower secondary schools in
Norway open during the academic year 2020-21,
with strict infection prevention and control measures
in place, such as organisation of students into
smaller cohorts. Contact tracing, quarantine, and
isolation were also implemented, and testing of
students and staff identified as close contacts.
PARTICIPANTS All students and educational staff
in primary and lower secondary schools in Norway,
from August 2020 to June 2021.

MAIN OUTCOME MEASURES Overall attack rate of
SARS-CoV-2 transmission (AR14) was defined as the
number of individuals (among students, staff, or
both) in the school with covid-19, detected within
14 days of the index case, divided by the number
of students and staff members in the school. AR14
to students (attack rates from all index cases to
students only) and AR14 to school staff (attack

WHAT IS ALREADY KNOWN ON THIS TOPIC

schools is available

= Many countries kept schools closed for extended periods during the
pandemic and thus limited information on transmission of SARS-CoV-2 in

= Previous studies were limited to one school district or municipality, orto a
short time frame around the time of reopening of schools, providing little
information at a national level of keeping schools open

WHAT THIS STUDY ADDS

open

= This register based cohort study considers subsequent transmission of SARS-
CoV-2 among students and staff in Norwegian primary and lower secondary
schools during the academic year 2020-21, when schools were mostly kept

= No subsequent cases were observed by 14 days in most cases (55%) when
the virus was introduced into schools

= Only 0.33% of students and staff tested positive for covid-19 within 14 days of
the school index case in primary and lower secondary schools

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY

= The findings suggest that schools were not an important setting for
transmission of SARS-CoV-2 in Norway during the academic year 2020-21

= While these results were valid for the alpha variant, future studies should
looks at how vaccination coverage and more transmissible virus variants
affects school transmission patterns in schools kept open

BM)

rates from all index cases to staff members only)
were also calculated. These measures for student
and school staff index cases were also calculated
separately to explore variation in AR14 based on the
characteristics of the index case.

RESULTS From August 2020 to June 2021, 4078
index cases were identified; 3220 (79%) students
and 858 (21%) school staff. In most (2230 (55%))
schools with an index case, no subsequent
individuals with covid-19 were found within 14 days;
in 631 (16%) schools, only one more individual
with covid-19 within 14 days was found. Overall,
AR14 was 0.33% (95% confidence interval 0.32%
to 0.33%). When restricting index cases and
subsequent individuals with covid-19 to students
born in the same year, AR14 to students (0.56-
0.78%) was slightly higher.

CONCLUSIONS Regarding the number of people
infected with SARS-CoV-2 among students and
staff, these results suggest that schools were not
an important setting for transmission of the virus
in Norway during the covid-19 pandemic in the
academic year 2020-21.

Introduction

The role of schools in transmitting SARS-CoV-2, the
virus that causes covid-19, has had considerable
attention during the pandemic. The evidence indi-
cates that the risk of transmission between students
and staff in schools is low when infection prevention
and control measures are implemented and adhered
to.! Most studies on transmission in schools have
been conducted when schools have reopened after a
period of closure, however, when community trans-
mission is decreasing. The risk of introducing the
virus into schools by students and staff increases
with a higher incidence of the virus in the commu-
nity." Thus many countries closed schools during
periods of rising infection rates in the commu-
nity.” > Information on transmission in schools
during periods of high infection rates in the commu-
nity is sparse, especially in the context of more trans-
missible variants of the virus.

In Norway, schools were closed for six weeks
during the first infection wave in spring 2020. School
closures have been associated with a range of nega-
tive consequences for learning, wellbeing, and the
mental health of students.”™ Schools in Norway were
therefore largely kept open during the academic year
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1. Smaller groups (cohorts and bubbles)

2. Limit mixing of cohorts

3. One teacher per cohort

4.1 metre distance for students and staff (age
dependent)

5. Part time online teaching for older students

6. Avoid assemblies and crowding

Yellow level

1. Normal classes (cohorts and bubbles)

2. Limit mixing of cohorts

3. Staff can alternate between cohorts

4.1 metre distance encouraged for adolescent
students and staff

5. Avoid assemblies and crowding

1. Normal organisation of classes and groups
2. Avoid unnecessary physical contact
3.1 metre distance between staff

| Atall levels

1. Stay at home if sick policy

2. Hygiene measures

3. Testing, isolation, contact tracing, quarantine
(TISK strategy)

Figure 1 | Traffic light model relating to infection prevention and control measures for

schools

2020-21 (ie, from August 2020 to June 2021), when
the more transmissible alpha variant of the SARS-
CoV-2 virus became dominant in Norway (February
2021).*° Instead of school closures, infection preven-
tion and control measures specifically for schools
were carefully implemented and adapted to the local
epidemiological situation with a traffic light model
of three levels (green, yellow, and red, figure 1). The
model included organising students into smaller
cohorts and limiting the mixing of cohorts. The
main difference between the levels was the physical
distancing measures. Green level was a near normal
situation, yellow level had intermediate measures
with cohorts similar to normal classes, whereas
the red level had strict measures. If a student or
staff member with covid-19 had been present at
school during the infectious period, the cohort was
normally placed in quarantine, and mostly offered
online teaching.

The red level was recommended nationally in lower
secondary schools in the first weeks of January 2021
as a response to the introduction of the alpha variant
of the virus. Except for these weeks, the yellow level
was recommended nationally for primary and lower
secondary schools throughout the study period. The
red level was implemented in municipalities during
periods when the infection rate in the local commu-
nity was high, however. Face masks were not part of
measures for students in primary schools, and had
only a minor role in secondary schools when imple-
mented in March 2021. As well as the measures in
schools, the pandemic in Norway was managed
mainly by the widespread use of testing, isolation,
contact tracing, and quarantine'! *> (table 1).

Studies of transmission into and within schools
are important to improve our understanding of
whether school closures prevent transmission of
the virus in schools. Norway had limited school
closures in primary and secondary schools during
the academic year 2020-21 and therefore was a
useful setting for studying transmission rates among
students and staff after introduction of an individual
with covid-19 into schools. Based on individual level
data from nationwide administrative registers, we
identified index cases and subsequent individuals
with covid-19 in all primary and lower secondary
schools in Norway in the academic year 2020-21.

Methods

Data sources

In this register based cohort study, we used data from
Beredt C19, an emergency preparedness register
developed to provide rapid information on the
covid-19 pandemic in Norway."* From the Beredt C19
register, we compiled individual level information
from other administrative registers: personal infor-
mation from the National Population Register; date
of positive nasopharyngeal polymerase chain reac-
tion (PCR) tests for SARS-CoV-2 from the Norwegian
Surveillance System for Communicable Diseases
(MSIS); date of PCR test regardless of the test result
from the MSIS Laboratory Database; employment
contracts for school staff members from the employer
register and employee register; and encrypted
school organisational numbers to identify school

Table 1 | Description of elements of the TISK (testing, isolation, contact tracing, and quarantine) strategy in relation to

SARS-CoV-2 transmission
Testing Isolation

People with symptoms of Isolation of individuals who tested

respiratory infection, people positive for covid-19 for 10 days

defined as close contacts* after onset of symptoms or test date
if asymptomatict

Contract tracing Quarantine

Identification of close contacts 10 days' quarantine required for
close contacts after exposure

Isolation and quarantine was mandatory, wheras testing was recommended.

*People who had been in close contact (<2 metre distance for >15 minutes, in direct physical contact, or in contact with secretions) with an individual who
tested positive for covid-19 within 48 hours before the onset of symptoms or a positive test if asymptomatic.

tBefore 2 November 2020, patients with symptoms had to isolate for at least eight days after the start of symptoms and for three days after the end of

symptoms.
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attendance and employment from the National
Education Database from Statistics Norway.

In the 2020-21 academic year, 2776 primary and
lower secondary schools were registered in Norway."®
We had data on 2641 schools and their respective
geographical school catchment areas. We linked
each student to a school based on their place of resi-
dence and hirth year to determine student school
affiliation (appendix).

Study population

The study period was the academic year 2020-21 (ie,
17 August 2020 to 15 June 2021). Our study popu-
lation consisted of all students of primary and lower
secondary school age (primary school students born
2008-14; lower secondary school students born
2005-07) and all employees aged 20-70 years in the
2641 schools who were registered as Norwegian resi-
dents in August 2020. We included only employees
in occupations that usually have frequent contact
with students (teachers, child care workers, and
teaching assistants, online supplemental table A-1).
The register data are of high quality and include
information on the population over time, allowing
complete follow-up with no loss of data (except for
emigration and death).

Index cases, subsequent infections, and infection
clusters

Within each school, the index case was defined as
the first student or staff member with a positive PCR
test for the SARS-CoV-2 virus. Subsequent individ-
uals with covid-19 included all non-index students
or staff at the same school as the index case with a
positive PCR test within 14 days of the positive test
date of the index case. Index cases and subsequent
individuals with covid-19 were clustered together if
they occurred at the same school within a period of
<14 days. Based on the total number of individuals
with covid-19, we categorised the clusters into single
case clusters, two case clusters, and multiple case
clusters (>2 cases). All cluster types were considered
ended after 14 days if no new individuals with covid-
19 were found at the same school, and schools were
then re-entered if new individuals with covid-19
were detected. No index cases or subsequent individ-
uals with covid-19 were included after 31 May 2021
to ensure complete follow-up.

Outcome

Our main outcome measure was incidence
percentage of SARS-CoV-2 infection within 14 days
of the index case, termed the attack rate (AR14). We
calculated AR14 as the number of subsequent indi-
viduals with covid-19 divided by the total number
of students and staff members in every school with
an index case, multiplied by 100.'® Index cases were
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excluded in both the numerator and denominator.
Clusters with two or more co-index cases (ie, index
cases with identical test dates) were excluded from
the main analysis.

Statistical analyses

Firstly, we plotted the weekly number of school clus-
ters and the weekly number of new individuals with
covid-19 per 100 000 residents between week 34,
2020 and week 21, 2021, in Norway, to provide an
overview of the national infection rates during the
study period. We also calculated the proportion of
individuals with covid-19 detected among students
and staff in the study population. Secondly, we
grouped index cases by cluster type to study differ-
ences in distribution and characteristics. Thirdly,
we used the number of subsequent individuals with
covid-19 within 14 days of the index case to calcu-
late overall AR14 (percentage of individuals who
tested positive for covid-19 among students and staff
members); AR14 to students (percentage of individ-
uals who tested positive for covid-19 among students
only); and AR14 to school staff (percentage of indi-
viduals who tested positive for covid-19 among staff
members only). We also calculated these measures
for student index cases and school staff index cases
separately, and separately for index cases by occu-
pational group (teachers, teaching assistants, and
child care workers). To study changes in trends from
before to after the alpha variant of the virus became
dominant (February 2021), we visualised the overall
AR14 by month of positive test date for student and
school staff index cases. We also calculated the
percentage of students and staff at schools who were
tested within 14 days of the index case to assess the
relation between attack rates and testing behaviour.

We conducted a subgroup analysis by calculating
AR14 to students for each student birth cohort because
students were likely to have closer contacts with other
students of the same age (eg, infection prevention and
control measures involved restriction of close contact
between students and staff across school grades, and all
close contacts, usually the whole cohort or class, were
urged to get tested if an individual with covid-19 was
identified at school).” We conducted a sensitivity anal-
ysis by including clusters with two or more co-index
cases and calculating AR14. To assess the robustness
of the results when heterogeneity across schools was
taken into account, we fitted a random effects regres-
sion model with random intercept for each school with
at least one infection cluster. In this sensitivity analysis,
we presented the mean AR14, interpreted as the mean
intercept across schools, multiplied by 100.

In all analyses (except for the final sensitivity anal-
ysis), 95% confidence intervals were calculated with
the Wilson method for binomial proportions, multi-
plied by 100. All statistical analyses were performed
with R Statistical Software (version 3.6.2).
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Figure 2 | Number of new school clusters of covid-19 and individuals with new
infections of covid-19 per 100 000 people, per week in Norway, between week 34, 2020
and week 21, 2021. Infection clusters with co-index cases (ie, those with identical test
dates) are included

Patient and public involvement

This study was conducted without patient and public
involvement, owing to both the urgency and the
register based design. Thus no patients were involved
in the design, execution, or interpretation of the
study. As this study used anonymous data, dissem-
ination to research participants is not possible.
Results will be disseminated to public communities
through the websites of the Norwegian Institute of
Public Health.

Results
A total of 1 18 629 patients with a confirmed diagnosis
of covid-19 were registered in MSIS between 17 August
2020 and 15 June 2021. The incidence of covid-19
peaked in week 46, 2020, and in week 1 and week 11,
2021 (figure 2). The highest number of new infection
clusters in schools was in week 9, 2021 (209 clusters).
The study population included 640 295 students
and 102 574 staff members in 2641 different schools;
15 390 (2.4%) students and 2419 (2.4%) staff
members tested positive for covid-19. We found large
geographical variations, and the Oslo region had the
highest number of individuals with covid-19 in the
academic year 2020-21 among students (6.2%) and
staff members (7.3%; online supplemental figure A-1).
The corresponding value for the Norwegian population
during the study period was 2.2%.

Characteristics of index cases

We excluded 586 infection clusters, involving 3609
patients with two or more co-index cases, from further
analysis, leaving 12 217 students and 2073 school staff
members who tested positive for covid-19. We identi-
fied 4078 index cases in 1573 different schools; 79.0%
(n=3220) were students and 21.0% (n=858) were staff
members (online supplemental table A-2). No subse-
quent individuals with covid-19 were seen by 14 days in
most (54.7%, n=2230) clusters, and only one more indi-
vidual with covid-19 was detected in 15.5% (n=631) of

clusters. Multiple case clusters were detected in 29.8%
(n=1217) of clusters. Multiple case clusters were more
common in larger schools (<100 students, 10.0%
(n=20/201); 100-299 students, 21.2% (n=236/1115);
>300 students, 34.8% (n=961/2762)), whereas single
case clusters were more common in smaller schools
(<100 students, 75.6% (n=152/201); 100-299
students, 64.1% (n=715/1115); 2300 students, 49.3%
(n=1363/2762)). A higher proportion of single case
clusters were found in teachers compared with students
(60.8% (n=522/858) v 53.0% (n=1708/3220)), and a
higher proportion of multiple case clusters were seen
in lower secondary schools than in primary schools
(32.1% (n=379/1181) v 28.4% (n=664/2341)).

Attack rates of SARS-CoV-2 infection in Norwegian
schools

Among all 4078 index cases, the overall AR14 was
0.33% (95% confidence interval 0.32% to 0.33%),
meaning that an average of 0.33% of other students and
staff had confirmed covid-19 within 14 days of the index
case (table 2 and table A-3; or about three subsequent
people with covid-19 per 1000 index cases). Overall,
we found small absolute differences across the main
results. For example, AR14 was similarly low when
considering subsequent cases only among students and
only among staff, respectively. Small schools with <100
students had a slightly higher overall AR14 (0.60%,
95% confidence interval 0.49% to 0.74%) than schools
of medium size (0.36%, 0.34% to 0.39%) and large size
(0.32%, 0.31% to 0.32%). The same pattern was seen
for AR14 to students, whereas school size did not affect
AR14 to staff.

When the index case was a student, 0.33% (95%
confidence interval 0.32% to 0.34%) of other students
and 0.28% (0.25% to 0.30%) of staff members had
confirmed covid-19 within 14 days. When the index
case was a student in a primary school, we found no
difference in AR14 to students or AR14 to staff. When
the index case was a student in a lower secondary
school, however, AR14 was higher in students (0.36%,
0.34% to 0.37%) than in staff members (0.23%, 0.20%
to 0.27%). When the index case was a staff member,
0.45% (0.40% to 0.52%) of staff members and 0.32%
(0.30% to 0.34%) of students were found to have
confirmed covid-19 within 14 days. The highest attack
rate was found for staff to other staff in primary schools
(0.50%, 0.43% to 0.59%).

AR14 from staff index cases to staff or students who
subsequently had covid-19 was slightly higher than
from student index cases during the second wave of
covid-19 in Norway, starting in October 2020 (figure 3).
AR14 peaked in October for staff index cases and in
November 2020 for student index cases. From January
2021, around the beginning of the third wave, we found
a relatively steep increase in AR14 for student and staff
index cases, followed by a second peak in both groups
in March 2021. From February 2021 onwards, when the
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Table 2 | Attack rates of SARS-CoV-2 infection within 14 days after index test date (AR14), grouped by personal

characteristics of the index case

Characteristics of index case

All index cases, all school levels
School size (all index cases):

<100

100-299

>300
Students:

Primary school age

Lower secondary school age
School staff:

Primary school

Combined schools*

Lower secondary school

Teacher

Teaching assistants

Child care workers

Overall AR14 (%) (95% CI)

0.33(0.32t0 0.33)

0.60 (0.49 t0 0.74)
0.36 (0.34 t0 0.39)
0.32(0.31t00.32)
0.32(0.31t00.33)
0.31(0.30t0 0.32)
0.34 (0.3210 0.36)
0.34 (0.32t0 0.36)
0.37 (0.35 t0 0.40)
0.25(0.22 10 0.29)
0.34 (0.30t0 0.39)
0.37 (0.35 to 0.39)
0.25(0.21t0 0.29)
0.23(0.18 10 0.29)

AR14 to students (%) (95% CI)

0.33(0.32t0 0.34)

0.69 (0.56 t0 0.87)
0.38 (0.35 t0 0.40)
0.32(0.3110 0.33)
0.33(0.3210 0.34)
0.31(0.30t0 0.32)
0.36 (0.34 t0 0.37)
0.32 (0.30t0 0.34)
0.35 (0.32t0 0.38)
0.23 (0.20t0 0.27)
0.34 (0.29t0 0.38)
0.35 (0.33 t0 0.37)
0.24 (0.19t0 0.29)
0.21 (0.16 t0 0.27)

AR14 to staff (%) (95%
(o)}

0.31 (0.29t0 0.34)

0.35(0.21 to 0.58)
0.30 (0.25 t0 0.35)
0.32 (0.29 to 0.35)
0.28 (0.25 t0 0.30)
0.30 (0.27 to 0.34)
0.23 (0.20 t0 0.27)
0.45 (0.40t0 0.52)
0.50 (0.43t0 0.59)
0.36 (0.27 t0 0.49)
0.40 (0.29 t0 0.54)
0.49 (0.43 t0 0.57)
0.31(0.21t0 0.47)
0.35(0.21 t0 0.57)

95% confidence intervals (Cl) were calculated with the Wilson method for binomial proportions, multiplied by 100 to obtain percentages. AR14 was calculated
as a percentage, with the number of subsequent individuals with covid-19 (infected non-index students and staff members within 14 days of the index case) in
the numerator and the total number of non-index students and staff members in all schools with an index case in the denominator, multiplied by 100.

*Primary and lower secondary schools combined.

alpha variant of the virus became dominant, no signif-
icant difference in AR14 between student and staff
index cases was seen. The temporal trend in testing
rates generally followed the trend in attack rates (online
supplemental figure A-2), and about 10% of all students
and 15% of all staff at a school were tested within 14
days after the index case tested positive (online supple-
mental table A-4).

Subgroup analysis

The results from our subgroup analysis, where we
calculated AR14 to students within each student
birth cohort, showed slightly higher AR14 values

- ¢~ Studentindex cases

—&$— Staff index cases
0.6 -

than our main results for AR14 to students (table 3).
AR14 ranged from 0.56% (95% confidence interval
0.52% to 0.61%) in students born in 2007 (grade 8)
t0 0.78% (0.70% to 0.87%) in students born in 2013
(grade 2).

Sensitivity analyses

When we included the infection clusters with two or
more co-index cases in our main analysis, we found
a slightly higher overall AR14 of 0.38% (95% confi-
dence interval 0.37% to 0.39%), whereas AR14 to
students and AR14 to staff were unchanged (0.32%,

Table 3 | Attack rates of SARS-CoV-2 infection within 14
days after index test date (AR14) in study population, by
birth year

Characteristics of ~ AR14 to students (%) Numerator/

S
<
& 0.5
<
'® 0.4 ’\
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o 03 / - = -;::TT\‘\
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Figure 3 | Attack rates (95% confidence interval; AR14), calculated by including both
students and staff subsequently infected with SARS-CoV-2 within 14 days of the index
case in the numerator and all non-index student and staff members in the denominator,
grouped by type of index case and month of the positive SARS-CoV-2 test of the index

case
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index case (95% Cl) denominator

School grade (birth year):
1(2014) 0.65 (0.62 t0 0.72) 283/43 351
2(2013) 0.78 (0.70t0 0.87)  349/44 685
3(2012) 0.65 (0.59 t0 0.73) 313/47 827
4(2011) 0.69 (0.62 t0 0.76) 358/51 955
5(2010) 0.66 (0.59 t0 0.73) 337/51 435
6 (2009) 0.68 (0.62 t0 0.75) 397/58 043
7 (2008) 0.73 (0.66 to 0.80) 413/56 964
8 (2007) 0.56 (0.52t00.61) 568/101 337
9 (2006) 0.57 (0.53 t0 0.62) 615/107 805
10 (2005) 0.67 (0.62t0 0.72) 701/104 650

95% confidence intervals (Cl) were calculated with the Wilson method for
binomial proportions, multiplied by 100 to obtain percentages. AR14 was
calculated as a percentage, with the number of subsequent individuals
with covid-19 (infected non-index students within 14 days of the index
case) in the numerator and the total number of non-index students in the
denominator, stratified by birth year of the index case, multiplied by 100.
Only students born in the same year and attending the same school as the
index case were included in the equation.
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0.31% to 0.33% and 0.31%, 0.29% to 0.33%,
respectively) (online supplemental table A-5). AR14
estimated with the random effects regression model,
allowing for heterogeneity across schools, did not
substantially alter the estimates for AR14 (results
in table 2 compared with results in online supple-
mental table A-6).

Discussion

Principal findings

Population wide register data showed minimal trans-
mission of SARS-CoV-2 between students and staff
in primary and lower secondary schools in Norway
during the academic year 2020-21. For most index
cases, we found no (55%) or only one (16%) subse-
quent individual with covid-19. We found a low risk
of transmission of covid-19 in schools, measured by
AR14. Less than 0.5% of students and staff tested
positive within 14 days of the index case, regardless
of the characteristics of the index case.

Overall attack rates in schools were low throughout
the whole study period, varying from just above 0%
to 0.5%, even after the alpha variant of the virus
became dominant in Norway in February 2021.
We saw a steady reduction in AR14 for student
and staff index cases after the first peak in October
2020, which might be explained by stricter infec-
tion prevention and control measures implemented
as a response to high infection rates in the commu-
nity. A similar reduction in AR14 was seen after the
peak in March 2021, which was dominated by the
alpha variant of the virus. This finding supports the
effectiveness of implementing targeted infection
prevention and control measures to reduce transmis-
sion of the virus in schools when infection rates are
high in the community, especially when the alpha
variant was the dominant form of the virus. Caution
is needed, however, in generalising the effectiveness
of these measures in reducing transmission of other
variants of the SARS-CoV-2 virus, such as the delta
and omicron variants.

Comparison with related studies

Previous studies have shown substantial variation
in transmission of SARS-CoV-2 in different contact
settings. Households have been the most important
source of transmission; meta-analyses have reported
pooled secondary attack rates of 16.4-20.0%.372° A
nationwide study in Norway, involving all families
with at least one parent and one child (comprising
most students included in our study) found an
overall secondary attack rate of 24%, with even
higher transmission rates when a parent rather than
a child was the index case.”” The school transmission
rates in this nationwide study were exceptionally
low, implying that transmission of covid-19 is more
common in households and other social settings
than in schools.
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In contrast with our study, most studies on trans-
mission of covid-19 in schools have been conducted
in selected schools or regions and over a shorter
time frame, typically around the time when schools
reopened for in-person learning after a period of
school closure." 272 Qur results support and extend
these studies, concluding that the importance of
schools as a source of transmission of SARS-CoV-2
is marginal when relevant infection prevention and
control measures are in place.* *’

Transmission from students to staff was higher in
primary schools than in lower secondary schools.
A possible explanation for this finding is the closer
contact between staff and younger children required
for a secure and healthy psychosocial environment.*®
Although the differences were small, the main results
of our study showed that transmission between
students was slightly higher in lower secondary
schools than in primary schools, supporting the liter-
ature.””°

Limitations of the study

In this study, we examined attack rates of covid-19
in schools based on data representative of a whole
country, covering a full academic year. Our analysis
had some limitations, however. Firstly, lack of data
on whether subsequent individuals with covid-19
were infected in school or elsewhere might have led
to overestimation of the attack rates. Because trans-
mission is more likely to occur within the family than
in schools or other public areas,'®*! 3! transmission
between siblings attending the same school might
have added to this overestimation. Overestimating
attack rates would strengthen our finding that
primary and lower secondary schools in Norway
have not been important settings for transmission of
SARS-CoV-2, however.

Secondly, the register data did not include infor-
mation on who were defined as close contacts of
students and school staff (ie, were in the same class
or in the same cohort). Thus we did not have the data
necessary to estimate secondary attack rates among
close contacts. The aim of our study was not to esti-
mate the rate of transmission between close contacts
or describe the general transmissibility of the virus,
but rather to provide information on how keeping
primary and lower secondary schools open (with
infection prevention and control measures in place)
affected the risk of transmission of the virus among
students and school staff. The relatively high testing
rates compared with attack rates after the detection
of an index case indicate that most true subsequent
individuals with covid-19 were captured in our data.

Modelling studies have shown that the Norwegian
testing system has been functioning well since
summer 2020, with an estimated detection rate
of >60% of all real infections with SARS-CoV-2.%?
Students in the same grade at the same school are
more likely to be close contacts than students at the
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same school in general, and all close contacts were
routinely recommended to test for the virus as part
of the standard infection prevention and control
measures. Although many close contacts chose to be
tested, testing was only a recommendation and we
did not have information on who among the close
contacts was tested. Furthermore, testing capacity
varied throughout the academic year and across
municipalities. The closest proxy to close contacts
available in our data was the subgroup analysis on
attack rates in students in the same age cohorts. In
relative terms, results from the subgroup analysis
were two times greater than the main results. The
absolute differences between the results from the
main analysis and the subgroup analysis were small,
however, and we believe had no practical implica-
tions, supporting the robustness of the main results.

Thirdly, we did not have data on whether the index
case attended school or work during the infectious
period. The lack of these data does not affect our
main result, however, of a low risk of transmission
in open schools with appropriate infection preven-
tion and control measures in place. The policy in
Norway of rapid testing, quarantine, and isolation
of individuals infected with SARS-CoV-2 and their
close contacts suggests that many index cases were,
in reality, not attending school. Clearly, attack rates
would likely have been much higher if the infection
prevention and control measures had not succeeded
in quarantining suspected individuals with covid-19
and keeping infected patients in isolation.

Lastly, indirect identification of school affiliation
based on small geographical districts might have
resulted in some misclassifications of students to
schools, although previous research suggests that
this assumption is not a great concern.’®> Overall,
the external validity of our results might be limited
to countries and contexts comparable with Norway,
and the findings might not be applicable to subse-
quent waves of infection caused by other variants of
the virus or when widespread vaccination became
available.

Clinical implications and future directions

The findings of this study indicate that primary
and lower secondary schools in Norway have not
been important settings for transmission of SARS-
CoV-2 during the 2020-21 academic year, despite
being kept open. Our results are similar to other
studies.' ® In Norway, test, isolate, trace, and quar-
antine has been the main infection prevention and
control strategy for limiting spread of SARS-CoV-2."
Infection prevention and control measures were
imposed nationally throughout the study period,
with further restrictions in areas with high commu-
nity transmission. Also, targeted and flexible infec-
tion prevention and control guidelines for schools
were developed and implemented to reduce trans-
mission and avoid school closures,'? 1? especially
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because of the negative consequences of school
closures for student learning and wellbeing.*®

The low attack rates reported in this study indicate
that these strategies were appropriate in reducing
transmission of the virus in schools in communities
with high infection rates after the alpha variant of the
virus became dominant. A policy on the use of face
masks for was not in place for students for most of
the study period, questioning the need for extensive
use of face masks for children, given that other infec-
tion prevention and control measures were effectively
implemented. The effect of face masks on reducing
the risk of SARS-CoV-2 infection in the community is
uncertain, however.>* >

The measures implemented in schools that were
open could have been more effective than school
closure and online education in reducing overall
transmission of the virus. Schools allow students to
meet and socialise in a controlled environment with
infection prevention and control measures in place.
As well as the negative consequences for student
learning and wellbeing, closing schools might result
in less efficient contact tracing and delayed testing.>®
Also, students who are not socialising in school
might over time find other areas to socialise, possibly
with a higher risk of transmission of the virus.* 2* 3!
Transmission of the virus in schools cannot be sepa-
rated from community transmission, and therefore
combining school targeted strategies with general
infection prevention and control measures for the
whole community is crucial to limit transmission
into, within, and outside schools.

Our overall results showed low attack rates in
schools, but variation based on the characteris-
tics of the index case was seen. Transmission rates
were higher when a staff member, particularly a
teacher, was the index case. After the alpha variant
of the virus appeared and eventually dominated,
we found no significant difference between these
groups, however. This finding might be explained
by increased transmissibility of the alpha variant of
the virus across all age groups, including children.®
At the same time, vaccination of adults in high risk
groups (ie, elderly people and people with under-
lying medical conditions at risk of severe covid-19,
as well as healthcare staff) was started, which could
have affected transmission rates in staff members
or from adult family members to students. General
first-dose vaccination of the working age popula-
tion started at the end of our study period.’” Also,
no covid-19 vaccines were approved for students or
administered to students in our study population
(aged <15 years) at that time. Hence we believe that
vaccination rates had little effect on our results. The
success of vaccination strategies will most likely be
important for effective targeting of infection preven-
tion and control measures in schools in the future.

Our study included data for primary and lower
secondary schools only. Higher infection rates of



SARS-CoV-2 were seen in older than in younger
students during this period.’® Whether this finding
translates into higher transmission rates in students
and staff in upper secondary schools is unclear.
Models made by the European Centre for Disease
Prevention and Control showed that closing
secondary schools had a larger effect on community
transmission than closing primary schools or nurs-
eries.® School closures should be avoided as much
as possible for all age groups, however, and more
information on transmission of the virus in upper
secondary schools is needed to help identify effec-
tive alternatives. Also, future studies should look at
how vaccination coverage and more transmissible
variants of the virus (such as the delta and omicron
variants) affect transmission patterns in schools and
households. Future topics for research include the
potential wider implications of school transmission,
such as the risk of introducing the virus to vulnerable
family members.

Conclusion

During the academic year of 2020-21 in Norway, no
subsequent individuals with covid-19 were found in
most situations where SARS-CoV-2 was introduced
into schools. Only a small proportion of all index
cases led to clusters of three or more subsequent indi-
viduals with covid-19, and attack rates were gener-
ally low. These results suggest that primary and lower
secondary schools, which were mainly kept open in
Norway, were not important settings for transmission
of SARS-CoV-2, when appropriate infection preven-
tion and control measures were in place.
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