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Abstract

Background: Schools and preschools have largely remained open in Norway throughout the pandemic, with flex-
ible mitigation measures in place. This contrasts with many other high-income countries that closed schools for long
periods of time. Here we describe cases and outbreaks of COVID-19 in schools and preschools during the academic
year 2020/2021, to evaluate the strategy of keeping these open with infection prevention control measures in place.

Methods: In this descriptive study, the Norwegian Institute of Public Health initiated systematic surveillance for
COVID-19 cases and outbreaks in schools and preschools in October 2020. Data was compiled from the national out-
break alert system VESUV, municipality websites, and media scanning combined with the national emergency prepar-
edness register Beredt C-19. An outbreak was defined as > 2 cases among pupils or staff within 14 days at the same
educational setting. Settings were categorized as preschool (1-5-years), primary school (6-12-years), lower secondary
school (13-15-years) and upper secondary school (16—-18- years). We reported the incidence rate among preschool
and school-aged pupils and gave a descriptive overview of outbreaks and included cases per educational setting.

Results: During the whole academic year, a total of 1203 outbreaks in preschools and school settings were identified,
out of a total of 8311 preschools and schools nationwide. The incidence of COVID-19 in preschool- and school-aged
children and the rates of outbreaks in these settings largely followed the community trend. Most of the outbreaks
occurred in primary schools (40%) and preschools (25%). Outbreaks across all settings were mostly small (median 3
cases, range 2 to 72), however, 40 outbreaks (3% of total) included 20 or more cases. The larger outbreaks were pre-
dominantly seen in primary schools (43%).

Conclusions: We observed few large outbreaks in open schools and preschools in Norway during the academic
year of 2020/2021, also when the Alpha variant was predominant. This illustrates that it is possible to keep schools
and preschools open even during periods of high community transmission of COVID-19. Adherence to targeted IPC
measures adaptable to the local situation has been essential to keep educational settings open, and thus reduce the
total burden on children and adolescents.
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Background

COVID-19 has had a disastrous effect on the access
to school for millions of children globally. The United
Nations estimated that more than 168 million school-
children missed out on learning in class during the first
year of the pandemic [1]. In addition, around one in seven
pupils globally (214 million) missed more than three-
quarters of their in-person learning, and many more have
had their education partially or entirely disrupted. Edu-
cation is one of the strongest predictors of a population’s
health and prosperity, and children have a fundamental
right to attend school [2, 3].

Quite early in the pandemic, it became evident that
children had lower rates of hospitalization and death
caused by COVID-19 than all other age groups [4]. This
also holds true for variants of concern such as the Alpha
and Delta variants [5, 6]. Children are less susceptible
and probably transmit onward to a lesser degree than
other age groups, although their role in the transmis-
sion of SARS-CoV-2 is still debated [7].

Cases and outbreaks in schools and preschools seem
to reflect local incidence levels [8]. General mitigation
measures in society influence the number of cases seen in

schools. In Norway, schools and preschools closed during
the first wave of the pandemic during the course of spring
2020, but re-opened from late April 2020 with infection
prevention and control (IPC) guidelines in place [9].

As schools reopened, there was a need for more flex-
ible IPC-measures to allow for a response that was
better adapted to different incidence levels, whereas
low incidence levels allow for normal class size and in-
person education. A flexible traffic-light model (TLM)
adaptable to the local epidemiological situation and
age group, was therefore developed (Fig. 1). Norwe-
gian schools and preschools implemented the model
and have largely remained open throughout the pan-
demic, with only short-term closures (full-time digital
teaching), mainly in secondary schools, as a response to
local outbreaks. This also applied during the second and
third waves in contrast to many other countries where
schools and preschools were closed for longer periods
[10].

The TLM has three levels of measures (Fig. 1): green
(normal situation), yellow (intermediate, cohorts with
normal class sizes), and red (distance requirements and
smaller cohorts/ groups). The main difference between
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the levels is the contact reducing measures. Red level
implies stricter distance requirements and smaller
groups, which means a combination of in-person
and digital education for older pupils (hybrid model). At
yellow level class sizes are normal, but classes are con-
sidered cohorts and should not mix. Face masks have
been in very limited use for staff and older students only
and restricted to areas with high ongoing community
transmission. At all levels, pupils and staff should not
attend school or after school-programmes if they were
experiencing symptoms (stay-at-home policy). In addi-
tion, hygiene measures such as frequent hand hygiene
and cough etiquette was recommended, in addition to
enhanced cleaning. On the green level a normal cleaning
schedule is sufficient (see Additional file 1).

The TLM was implemented at yellow (intermedi-
ate) level nationwide from June 2", 2020. Red level has
been implemented in municipalities with high com-
munity transmission when needed. Green level was
not applied during the study period.

The aim of this study is to describe cases and clusters/
outbreaks of COVID-19 in Norwegian preschools and
schools, to evaluate the strategy of keeping these settings
open with IPC measures in place. The period covered
most of the academic year 2020-2021, including both the
second wave, dominated by the original virus variant, and
the third wave, dominated by the Alpha variant.

Methods

Data sources

In this descriptive study, the Norwegian Contact Trac-
ing Team (NCTT) initiated systematic surveillance of
COVID-19 cases and clusters (pupils and staff) in schools
and preschools in October 2020. We collected data
from the national outbreak alert system VESUV where
all outbreaks, suspected or confirmed, are reported to
The Norwegian Institute of Public Health (NIPH) [12].
Reporting is mandated by law and conducted by vari-
ous official health authorities. In addition, regular

Table 1 Characteristics of the educational system in Norway
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screening of the twenty largest municipality websites, as
well as media scanning was performed.

In events where no information was available online,
or more detailed information was needed, we contacted
municipal health authorities and local contact tracing
teams. We obtained the following variables on clusters
in schools and preschools: date of onset, educational set-
ting and the number of cases included in outbreaks dis-
tributed by pupils and staff.

Further, data was obtained from the national emer-
gency preparedness register (Beredt C-19) to present the
weekly number of confirmed COVID-19 cases in Nor-
way during the study period [13]. From within Beredt
C-19, data was compiled from the Norwegian Surveil-
lance System for Communicable Diseases (MSIS) and
the National Population Register (age and demographic
information) [14]. COVID-19 is a notifiable disease in
Norway and all cases are registered in MSIS.

Study population and educational settings

The study period was set from 28" September 2020 (week
40) to 6™ June 2021 (week 22). In this study we define the
second and third wave of COVID-19 in Norway as Octo-
ber 2020 to January 2021 (week 43-week 2) and mid-
February to mid-April (week 7-week 16), respectively.
A case was defined as a child/pupil or staff who tested
positive for SARS-CoV-2 (PCR or antigen rapid test) and
had physically attended preschool or school during their
infectious period. Infectious period was defined as 48 h
before symptom onset (48 h before test date if asymp-
tomatic) until the end of the isolation period. All staff
members were included, regardless of role (educational
or non-educational). Details on educational settings in
Norway are given in Table 1 [15, 16].

Cases and outbreaks

We reported outbreaks per educational setting. An out-
break was defined as two or more positive cases among
pupils and/or staff within 14 days at the same educational

Preschool Primary school Lower secondary school Upper
secondary
school

Age group 1-5 years 6-12 years 13-15 years 16-18 years
Total number of institutions 5620 2276° 415

Total number of children/pupils 272 264 635 497° 188214
Total number of staff 95 546 115 2052 39681
National average of children/pupils per 5.7 16° NA

educational staff

?Total number for primary and lower secondary school (our data does not separate between these school levels)
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setting. An outbreak was considered over when no new
cases were reported at the facility within 14 days. If solely
cases of pupils or staff were reported, the outbreaks were
categorized as “pupils only” or “staff only”

Information regarding the epidemiological
link between cases involved in an outbreak was not
always available, and the transmission might in some
cases have occurred outside the school setting. Hence,
we considered clusters in the same school/preschool
to be possible outbreaks. For the sake of simplicity, the
term outbreak was used for both possible and confirmed
outbreaks.

The date of onset of the outbreak was defined as the
date of symptom onset for the index case if available. If
not available, we used the date an outbreak was reported.

Statistical analysis

The 7-day incidence rate of newly reported COVID-19
cases per 100,000 inhabitants was plotted by week (week
40, 2020, and week 22, 2021) by age group for preschool
and school-aged pupils, as well as the total number of
confirmed cases in the population. Further, we visualized
the weekly number of outbreaks by educational setting
to observe the trends over time. School holidays dur-
ing the time of study were also included. Data manage-
ment was performed using R Statistical Software (version
3.6.2).

Ethics

NIPH has under legal permission through the Communi-
cable Disease Act and MSIS the right to process patient
confidential information for national surveillance of
communicable diseases and outbreak investigation [14].
The establishment of an emergency preparedness reg-
ister (Beredt C-19), forms part of the legally mandated
responsibilities of NIPH during epidemics [13]. Beredt
C19 was established under Sect. 2—4 of the Health Pre-
paredness Act. NIPH has conducted a data protection
impact assessment of the register. In addition, a study
protocol which covers the current work, was granted
approval by the Ethics Committee of South-East Norway
(28" June 2021, #240,725).

Results

Number of cases

The incidence of reported COVID-19 cases for pre-
school- and school-aged children largely followed the
trend in the community (Fig. 2). During the 2020/2021
academic year, the second wave in Norway started in
October after the autumn school holiday (week 40 or
41) and peaked in November (week 45-46). Further, an
increase in infection rates was seen following the Christ-
mas holiday (week 53-1, 2020/2021). In this period,
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a larger proportion of adolescents in lower and upper
secondary schools tested positive for COVID-19 com-
pared to younger children. The third wave started in
late February around the winter school holiday (week 8
or 9) and peaked in March (week 11). A larger propor-
tion of the preschool- and primary school-aged children
were infected than in previous waves, even though cases
among young adults and adolescents dominated. This
coincided with the introduction and subsequent domi-
nance of the Alpha variant in Norway. Distinct peaks
were seen in infection rates for the oldest adolescents
(upper secondary school) in May and early June (week
18-22).

Outbreaks

The NCTT surveillance registered 2866 COVID-19
outbreaks in preschools and schools during the study
period. Of these, 1189 (41%) entries were excluded as
they only included a single case, leaving 1677 outbreaks.
Of these, another 474 (28%) outbreaks were excluded as
they lacked information on the number of cases. These
outbreaks were mainly reported through municipality
websites (85%) during and after the third wave (week 7 —
week 22). The remaining 1203 outbreaks were included in
the analysis (Table 2).

Most outbreaks were reported in primary schools
(n=457), followed by preschools (n=298), upper sec-
ondary (n=225), lower secondary (n=190) and com-
bined schools (n=33), out of a total of 8311 preschools
and schools nationwide.

Outbreaks fluctuated across all settings throughout the
study period with the highest peaks during the second
and third wave in week 45, 2020 (n=58) and week 11,
2021 (n=69) (Fig. 3). This largely followed the commu-
nity trend. In general, a declining trend in the number of
outbreaks was observed during holiday weeks, followed
by an increasing trend shortly after.

In total, there were 6530 cases included in the 1203
outbreaks, of whom 5032 were pupils and 1498 were
staff members (Table 2). In almost half of the outbreaks,
cases were limited to pupils only (n=574, 48%), most
frequently observed in primary and upper secondary
schools (=230 and n=143, respectively). This con-
trasted with outbreaks involving staft only (n =72), where
the majority was observed in preschools (n=51, 71%).
This was also reflected by the higher ratio of cases among
staff versus children/pupils observed in preschools (0.8)
followed by primary schools (0.3).

Most cases were reported from primary schools and
preschools, with 2446 (37%) and 1447 (22%) cases. The
highest number of cases among pupils was observed
in primary schools (#=1917, 38%) followed by upper
secondary schools (n=1208, 24%). Cases among staff
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Table 2 Summary of outbreaks and cases in preschools and schools reported or notified to the NCTT
Preschools Primary Combined? Lower secondary Upper secondary Total
Outbreaks (n (%)) 298 (25) 457 (40) 33(3) 190 (16) 225(19) 1203
Pupils only 58(10) 230 (40) 18(3) 125 (22) 143 (25) 574
Staff only 51(71) 13(18) 0(0) 1(1) 7(10) 72
> 20 cases 8 (20) 17 (43) 2(5) 5(13) 8(20) 40
Cases (n (%)) 1447 (22) 2446 (37) 255 (4) 1018 (16) 1376 (21) 6530
Pupils/children 799 (16) 1917 (38) 214 (4) 894 (18) 1208 (24) 5032
Staff members 648 (43) 528 (35) 41 (3) 124 (8) 157 (10) 1498
Infected staff per infected pupils/ 0.8 0.3 0.2 0.1 0.1 34
children
Mean (SDP), per outbreak 49 (4.5) 54 (5.6) 7.7 (7.6) 54(5.8) 6.1(8.2) 54(6.0)
Median (IQR), per outbreak 3(2-5) 3(2-6) 4 (3-10.5) 3(2-6) 4(2-7) 3(2-6)
Range 2-30 2-52 2-34 2-55 2-72 2-72

2 Combined primary and lower secondary schools
b Standard deviation

¢ Interquartile range
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members were more common in preschools (n=648,
43%) and primary schools (n =528, 35%).

We observed mostly small outbreaks, however with
large variation (median=3, range=2-72). There were
in total 40 outbreaks (3%) with > 20 cases. The majority
of these occurred in primary schools (n=17, 43%). Most
larger outbreaks across both schools and preschools
occurred during the third wave dominated by the Alpha
variant (n =18, 45%).

Discussion

In Norway, unlike most other high-income countries,
schools at all levels remained open throughout the aca-
demic year 2020/2021. In areas and periods with high
transmission, strict IPC measures (such as red level in
the TLM) were implemented to limit transmission and
outbreaks. A substantial number of cases and outbreaks

were observed in schools and preschools during this
period, however, only a small fraction of the outbreaks
included more than twenty cases.

In the second wave starting autumn 2020, the inci-
dence followed the same trend in all age groups, with
most cases seen in older pupils. In the third wave, which
coincided with the introduction of the Alpha variant,
incidence in children in the youngest age groups for the
first time came close to the incidence rate among older
pupils. A similar trend was observed internationally [6].
Although the incidence was highest among adolescents,
the highest number of outbreaks were observed in pri-
mary schools and preschools. Several factors may have
contributed to this. First, there are more preschools and
primary schools than secondary schools in Norway, as
well as more children/pupils attending these facilities (12
versus 6 age cohorts). Second, stricter IPC measures (red
level) were implemented in secondary, and especially in
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upper secondary schools, during periods with high trans-
mission rates.

As the third wave subsided, there was a sudden increase
in cases in upper secondary schools, including some
of the largest outbreaks during the study period. This
coincided with graduation celebrations, characterized
by intense socializing over several weeks. Contact trac-
ing revealed that the majority of these cases were likely
infected outside schools. During this period, affected
municipalities reported increasing pandemic fatigue in
this group and difficulties with complying to IPC meas-
ures, a phenomenon also observed elsewhere [17].

The higher ratio of cases among staff versus children/
pupils in preschools and primary schools may in part be
explained by the higher number of staff per child working
in these settings. Additionally, there is a naturally closer
contact both in-between staff and between staff and chil-
dren as these settings involve care for young children. In
fact, contact between adults and children in preschool
resembles the contact in households. In a recent Norwe-
gian study, transmission within households was higher
from younger children than from older children and
adolescents, again explained by the same contact pat-
tern between small children and parents [18]. The nature
of working with care for young children illustrates the
importance of IPC measures tailored to the specific set-
ting. In addition, it is essential to provide vaccination to
staff.

Closing schools and loss of in-person teaching have
well-documented profound negative consequences on
learning progress and mental health [19-21]. The nega-
tive consequences are greater in more deprived families,
thus worsening health and educational inequalities. Exist-
ing evidence on the effects of school closures in reducing
community transmission of SARS-CoV-2 is uncertain
and varies from no to some effect. Several studies have
shown that school reopening with IPC measures in place
did not increase community transmission [22, 23]. Data
from Norway indicate that closure gives no added effect
compared to open schools with strict IPC measures (red
level) in place in areas with high incidence levels [24,
25]. In addition, a recent study from the United States
suggests that opening schools for in-person learning
with appropriate IPC measures in place leads to minimal
increase in community incidence of SARS-CoV-2 [26].

The incidence in children and adolescents largely fol-
lowed the trend in the community. This supports that
schools can remain open with mitigation measures,
without profoundly affecting community transmission.
School closure may in fact not lead to an actual reduc-
tion in contact among pupils, depending on the level of
social mixing outside of school. In our experience, we
have observed an increase in cases and outbreaks after
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school holidays. Reports from contact tracing teams indi-
cate that much of this transmission was linked to social
activities. In addition, some of the largest outbreaks were
observed among adolescents and associated with social
settings outside school. These outbreaks would not have
been avoided by closing schools. Long-term closure may
also lead to increased spontaneous social contact in other
arenas, where no IPC measures are in place. An increas-
ing number of studies indicate that closing schools have
limited effect on the transmission of COVID-19. As long
as closing schools is not evidence-based and the negative
effects are so profound, we should always strive to limit
school closures to an absolute minimum [27-29].

In order to keep schools open, it is important to imple-
ment IPC measures. However, IPC measures are intrusive
and limit both education and social activities in school.
Compliance may be difficult for children. Thus, measures
should always be adjusted according to the local situation
and the use of strict measures should be limited. Non-
pharmaceutical interventions for the society at large are
equally essential to reduce community transmission [6].
This has been systematically implemented in Norway.
Close cooperation between public health and educational
authorities and stakeholders is important to implement
the guidelines and ensure good quality education for chil-
dren during health threats like the COVID-pandemic.
How to prioritize restrictions between groups and inter-
ests is in large part a political decision. The Norwegian
government early declared that children and adolescents
should be prioritized, thus there has been a political will
to keep schools and preschools open, at the expense of
other sectors. With increasing vaccine coverage in the
population, the need for strict IPC measures in schools
and preschools will subside.

The strength of this study lies in the high-quality regis-
try data from Beredt C-19, allowing detailed information
regarding incidence in the different age groups. This, in
combination with multiple other data sources, provided
completeness of the data and enabled us to present more
detailed results regarding outbreaks in preschools and
schools.

The manual data collection done in the NCTT sur-
veillance has some limitations and is resource-inten-
sive. First, although reporting outbreaks in the national
outbreak system VESUV is mandatory, we are aware
that not all outbreaks were notified, particularly during
the transmission peaks throughout the study period.
Second, the quality of information available through
municipality websites and news media varied. During
periods with high transmission, the reports may have
been less accurate due to capacity challenges. Third,
some outbreaks were excluded due to missing infor-
mation regarding the number of cases, the majority of
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these occurred during and after the third wave. These
factors may have led to an underreporting of outbreaks
during the study period. However, as NIPH is regu-
larly consulted by municipalities when they experience
larger outbreaks, we believe the outbreaks we may have
missed were mainly small, with limited need for com-
prehensive measures. Although we consider our data
sources reliable, the nature of the data collection in this
study implies that we may have missed some relevant
information of the reported outbreaks, and the size of
the outbreaks may to some extent be underestimated.
We do however believe that the described outbreaks in
most cases were correctly reported.

In all, we believe that combining different data sources
provided sufficient and adequate data to allow us to
expand existing information regarding transmission and
outbreak trends in schools and preschools during the
academic year of 2020/2021.

Conclusion

Schools and preschools in Norway remained open during
the academic year of 2020/2021. We observed few large
outbreaks in educational settings during this period,
also during the third wave dominated by the Alpha vari-
ant. This illustrates that it is possible to keep schools and
preschools open even during periods of high community
transmission of COVID-19. Large outbreaks are not nec-
essarily a result of in-school transmission, and in some
of the largest outbreaks a substantial number of cases
were probably associated with transmission in social set-
tings outside school. These would not have been avoided
by closing schools. Adherence to targeted IPC measures
adaptable to the local situation has been essential to keep
educational settings open, and thus reduce the total bur-
den on children and adolescents. It is still important to
monitor the spread in schools, evaluate implemented
measures, and adjust to the local situation with emerging
virus variants and to the increasing vaccine coverage.
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