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Abstract

of SARS-CoV-2 transmission via air and surfaces.

is not widespread during school outbreaks.

Background: In fall 2020 when schools in the Netherlands operated under a limited set of COVID-19 measures, we
conducted outbreaks studies in four secondary schools to gain insight in the level of school transmission and the role

Methods: Outbreak studies were performed between 11 November and 15 December 2020 when the wild-type
variant of SARS-CoV-2 was dominant. Clusters of SARS-CoV-2 infections within schools were identified through a
prospective school surveillance study. All school contacts of cluster cases, irrespective of symptoms, were invited for
PCR testing twice within 48 h and 4-7 days later. Combined NTS and saliva samples were collected at each time point
along with data on recent exposure and symptoms. Surface and active air samples were collected in the school envi-
ronment. All samples were PCR-tested and sequenced when possible.

Results: Out of 263 sampled school contacts, 24 tested SARS-CoV-2 positive (secondary attack rate 9.1%), of which
62% remained asymptomatic and 42% had a weakly positive test result. Phylogenetic analysis on 12 subjects from 2
schools indicated a cluster of 8 and 2 secondary cases, respectively, but also other distinct strains within outbreaks. Of
51 collected air and 53 surface samples, none were SARS-CoV-2 positive.

Conclusion: Our study confirmed within school SARS-CoV-2 transmission and substantial silent circulation, but also
multiple introductions in some cases. Absence of air or surface contamination suggests environmental contamination
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Introduction

The role of schools in the transmission of Severe Acute
Respiratory Syndrome Corona Virus 2 (SARS-CoV-2)
has been the focus of continuous debate throughout the
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COVID-19 pandemic. Throughout most of the first year
of the pandemic, the Dutch government implemented
only a limited set of COVID-19 preventive measures in
educational settings to minimise educational disruption.
Between November and December 2020, we conducted a
series of four detailed outbreak investigations in schools
that reported clusters of SARS-CoV-2 infections. At
the time, all primary and secondary schools were open
and had full occupancy. There was little prior immunity

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-022-07904-3&domain=pdf

Jonker et al. BMC Infectious Diseases (2022) 22:960

against SARS-CoV-2, vaccines were not yet available
and the wild-type variant with the D614G mutation was
dominant at the time of the study.

The aim of the outbreak investigations was to provide
a more detailed analysis on transmission risk in sec-
ondary school settings under the prevailing community
incidence and COVID-19 mitigation policy, and to gain
insight into the potential role of SARS-CoV-2 transmis-
sion via air and surfaces in schools.

Methods

The outbreak investigations were part of a prospective
school surveillance study that evaluates the interactions
between indoor air quality, ventilation, environmental
SARS-CoV-2 contamination and transmission. For this
prospective cohort study, schools were selected in col-
laboration with the Dutch counsel for secondary edu-
cation based on their size, educational provision and
geographical location to create a representative sample
of the Dutch landscape of secondary schools. At the time
the outbreak investigations were performed, physical dis-
tancing (>1.5 m) in schools was implemented for staff-
staff and staff-student interactions, but not required in
or outside school among children below 18 years. Only
symptomatic individuals could get tested at municipal
health facilities. Students and teachers who tested posi-
tive for SARS-CoV-2 were asked to self-isolate at home.
Municipal testing services conducted contact tracing for
each positive case. Close contacts were defined as indi-
viduals with exposure of >15 min at <1.5 m distance
to a SARS-COV-2 infected individual and requested
to quarantine. In case of school contacts, an exemp-
tion existed on prevailing contract tracing and quaran-
tine rules at the time. Close school contacts were not
actively approached by contact tracing teams and exempt
from quarantine and could continue to attend school
unless they developed symptoms. From December 2020
onwards, mask mandates were in place for students and
staff during movement. Seated students and staff did
not wear masks. Schools were recommended to increase
hand hygiene and the degree of ventilation, plastic shields
were installed on teacher desks and all school-based
extracurricular activities were cancelled. Availability of
SARS-CoV2 testing was expanded to asymptomatic close
contacts during the study period (1 December 2020).
Other national and school-initiated COVID-19 measures
in place at the time, are described in the Additional file 1:
Methods and Table S1.

All schools participating in the prospective study kept
daily logs of SARS-CoV-2 infections that were identi-
fied at the municipal testing service and reported to
the school. This included students and staff. Schools
subsequently assessed whether there were possible
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epidemiological links between the reported cases based
on student—teacher group compositions and timetables.
An epidemiological link was defined as two or more
reported cases who shared (class) rooms for at least two
course hours in the recent 14 days. Schools notified the
study team if a cluster was identified, which was defined
as three or more reported cases in the same school within
2 weeks of whom at least two cases had an epidemiologi-
cal link. The study team was available during school days
to support schools in the assessment of epidemiologi-
cal links between reported cases and school clusters. If
a clusters was confirmed and the most recent reported
case belonging to the cluster had been attending school
in the 48 h prior to symptom onset or PCR test result an
outbreak investigation was initiated among their school
contacts who received onsite education.

Outbreak study

A school visit was scheduled within 48 h after the noti-
fication of a cluster to sample participating school con-
tacts. School contacts were defined as students and staff
who had shared a (class)room for at least two course
hours in the 2 days preceding symptom onset in the
index case or, if this was unknown, the date of a positive
test. A sampling location at the school was set-up where
participants could self-collect a combined mid-turbinate
NTS sample and a saliva sample under direct supervision
of trained study staff after instructions had been pro-
vided. For participants who were not present at school,
samples were self-collected under supervision of study
staff at their home address. Participants also completed
a questionnaire including basic demographics, recent
COVID-19 infection within the household and other
recent exposure to SARS-CoV-2 infected individuals
(other than school index case or household), prior infec-
tion and presence of COVID-19 like symptoms. A second
sampling visit was scheduled after 4-7 days, depending
on the weekends, for a follow-up NTS and saliva sample
from each participant, along with a follow-up question-
naire on recent exposure, symptoms and whether house-
hold members tested positive since the previous visit. For
a schematic overview of the study design see Additional
file 2: Figure S1.

All samples were transported to the laboratory the
same day and participants were notified about the results
of the PCR test within 48 h. Positive results were followed
by self-isolation as per national policy. Saliva samples
were stored at — 80 °C and analysed at a later time.

At the first visit, extensive air and surface sampling took
place in school buildings (see Additional file 1: Methods
and Additional file 2: Figure S1). Briefly, air samples and
surface swab samples were collected at three locations:
(1) classrooms attended by students previously in contact
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with the index cases, (2) the teachers’ lounge and (3) the
school cafeteria area. At each location, air sampling con-
sisted of twice a 6-h filtration-based sample, once a 6-h
cyclone-based sample and once a 1.5-h impingement-
sample (school cafeteria and teachers’ lounge only). Sur-
face swab samples of high- and low-touch surface areas
were collected as described previously [1]. A total of five
samples were taken in each of the areas above and, when
possible, from the classroom where index case teachers
were located prior to self-isolation. Field blank samples
were collected every other outbreak measurement for
air samples, and each outbreak for surface swab samples.
Samples were sent to the laboratory at 4 °C and processed
within 24-h.

Sample analysis

Detailed methods are described in the Additional file 1:
Methods. NTS were collected in tubes containing virus
transport medium and total nucleic acid was extracted
as described [2]. Oral fluid was collected using the ORA-
COL S10 saliva collection system (Malvern Medical
Developments). Total nucleic acid was extracted using
MagNApure 96 (Roche LifeScience) small volume total
nucleic acid kit. RT-qPCR was performed as described
previously [2], with some modifications on the primers
and probe of the RARP-gene (see Additional file 1: Meth-
ods). From the environmental samples, RNA was iso-
lated using an in-house method as described before [3].
Samples were tested with a SARS-CoV-2 Real time poly-
merase chain reaction (RT-PCR), targeting the E gene of
SARS-CoV-2 [2].

Sequencing of NTS RT-PCR positive samples with
Ct-values< 32 was performed using an amplicon-based
approach as described [4]. For RT-PCR positive saliva
samples, sequencing was performed using the Nanopore
protocol [5, 6] with several modifications (see Additional
file 1: Methods for details).

A secondary case was defined as a school contact par-
ticipating in the study and testing positive by RT-PCR
in at least one of the samples collected during initial or
follow-up visits. According to standardised local lab pro-
tocols a Ct-value cut-off for sample positivity was set <40
for both targets or at <33 if only one target was positive.
Samples were defined as ‘weakly positive’ if the Ct-value
for a single target was between 33-40 and negative for
the other target.

Statistical analysis

SARS-CoV-2 incidence rates per schools were calculated
by dividing the number of reported infections by the
total number of students and staff members. Next, the
secondary attack rate (SAR) per cluster was determined
by dividing the secondary cases by the total number of
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participants in the outbreak investigation who under-
went SARS-CoV-2 testing, both overall and stratified
for teachers and students. Case characteristics, school
attendance, presence of symptoms, onward household
transmission and time since exposure were graphically
displayed for all secondary cases. Possible onward house-
hold transmission was defined as a household mem-
ber testing positive after the participant’s first positive
test. All successfully sequenced NTS and saliva samples
from both test rounds were combined in a phylogenetic
reconstruction and are depicted per sample type. If the
sequence was available from both test rounds, only the
sequence of first round was included in the tree. We also
included human sequences from the municipalities of
the respective schools as background data, which was
retrieved from GISAID. SPSS version 26.0.0.1 (IBM), and
R version 4.0.3 (R core team) was used for data manage-
ment and statistical analysis.

Results

Between 11 November and 15 December 2020, we con-
ducted four outbreak investigations. The overall weekly
incidence of SARS-CoV-2 across the four participating
schools during the study period varied between 299-820
per 100,000 students and staff members, while the weekly
incidence in het Dutch population during the same
period varied between 184 and 430 per 100,000 inhabit-
ants (Table 1) [7, 8].

Of the 148 reported cases, 27 index cases belonged
to a cluster, including 6 staff members and 21 students.
The total number of identified clusters was 6 and clus-
ter size varied between 3 and 12 cases (Additional file 3:
Table S2). However, in one cluster, the school did not
report to the study team within the 48 h window and no
outbreak investigation was initiated. In another cluster,
the cluster involved already 10 students upon identifica-
tion and the school therefore decided to quarantine the
entire student group and convert to online education.
Hence, no outbreak investigation could be conducted
among school contacts.

A total of 1121 school contacts were invited to par-
ticipate across four clusters (Fig. 1). Cluster C further
developed during the outbreak study and additional
school contacts were therefore invited during the
second sample round. While setting-up the study in
school D, several additional cases were reported by
the municipal health services and these cases were
included as additional index cases belonging to the
same cluster and resulted in additional school contacts
being approached for participation. The number of staff
exposed to a teacher index case could not be deter-
mined reliably as staff—staff contacts occur mostly in
the teachers’ lounge. Therefore, all staff members were
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Table 1 School characteristics and weekly incidence of the four schools participating in the outbreak study (n=4)
School Size Weekly number of SARS-CoV-2 infections (incidence per 100,000)*

week 45 week 46 week 47 week 48 week 49 week 50 week 51
A >2000 11 (530) 7 (337) 16 (771) 17 (819) 12 (578) 5(241) Missing
B 700-1000 NA NA 2(262) 4 (524) 3(393) 0 3(393)
C 1500-2000 2(118) 3(176) 6(352) 10 (588) 5(294) 4(235) 3(176)
D 500-700 0 1(173) 0 11 (1900)° 5 (864) 10(1727) 8(1382)
Mean population incidence per 232 204 198 184 237 317 430

100,000

NA Not applicable

Highlighted in bold are the school and week where an outbreak investigation was initiated. School B enrolled in week 47 in the study. According to definition, clusters
could evolve over > 1 week. Therefore the cases in bold will not add up with the number of index cases within the different clusters

2 Students and staff combined. Numbers based on daily logs reported by the schools and excluding additional asymptomatic cases detected during our outbreak
studies

b10/11 were from the same class. Considering the extent of this outbreak, the school decided to send the entire class home and convert to online education.
Consequently, no outbreak investigation could be performed

Schools enrolled prospective study
(n=8)

l

Schools reporting a cluster
(n=4)

l

Invited school contacts
(n=1121)

l

Participating school contacts

(n=263)
Outbreak A Outbreak B Outbreak C Outbreak D
SARS-CoV-2 Environmental SARS-CoV-2 Environmental SARS-CoV-2 Environmental SARS-CoV-2 Environmental
infections samples infections samples | — infections samples — infections samples —
(n=15/83) (n=0/0) (n=1/19) (n=0/32) (n=7/105) (n=0/35) (n=1/56) (n=0/37)
Successfully Air samples Successfully Air samples Air samples
sequenced (n=0/17) f— sequenced (n=0/17) <« (n=0/17) [«
(n=9) (n=3)
Phylogenetic Surface Phylogenetic Surface Surface
cluster samples [— cluster samples [— samples <«
(n=8) (n=0/15) (n=2) (n=0/18) (n=0/20)

Fig. 1 Overview of participating schools and school contacts. Number of SARS-CoV-2 infections among school contacts and positive air and
surface samples are depicted per outbreak study. No environmental samples were taken during outbreak A

invited, but informed that they should only participate
if they had been in close contact with any of the index
cases. In total, 263 school contacts participated, includ-
ing 93 staff members (Fig. 1). The participation rate was
10.6% to 41.8% among staff, and 7.5% to 56.1% among
students (Additional file 3: Table S3). Eighteen subjects

participated only in the first test round. In total 508
paired NTS and saliva samples were collected.

Secondary cases

In total, 24 school contacts (9.1%) tested positive by RT-
PCR in at least one sample (Fig. 1). Of these, 10 (41.6%)
had a weakly positive PCR result. The SAR by cluster var-
ied between 1.8—-18.1% and was generally higher among
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Table 2 Characteristics of secondary cases belonging to each of the SARS-CoV-2 school clusters (n=24)

Onward

Secondary L'ink to Daysb infection(s)
case Grade index household
case(s)?
7-6-5-4-3-2-10 1 2 3 4 5 6 7 8 9 10 members
A-1 1 I-2A X A
A-2 1 1-2A X A
A-3 1 1-2A X
A-4¢ 1 I-2A X
A-5 1 1-2A X
A-6 1 I-2A X
A-7 1 I1-2A X
A-8 1 1-2A X
A-9¢ 2 I-2A X
A-10¢ 2 I-2A X
A-11 2 1-2A X
A-12 2 1-2A X
A-13 Teacher I-1A,1-2A X
A-14 Teacher I-1A,1-2A X
A-15 Teacher 1-1A,1-2A X
B-1 Teacher 1-1B,1-2B X X
c-1f 1 I-3C X
c-2 1 3¢ X A+
c3 2 I-1C X A +
C-4 3 I-5C-1-9C X X X X A/-
C-5 3 Il55C-19C X X X X X A/-
C-6 3 I-5C-1-9C X X X X A -
C-7¢ 3 I-5C-1-9C X X X X A t
D-1 1 I-2D-1-4D X X X A +
A Day of notification infection cluster
X Last day of exposure to index case(s)
End of follow-up
Symptoms present
Not attending school
Attending school
Attending school while symptomatic
+  PCR positive

PCR weakly positive (samples were defined as ‘weakly positive’ if the Ct-value for a single
target was between 33-40 and negative for the other target.)

2 Based on school contacts who shared (class) rooms for at least two course hours in the recent 14 days
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b Day 0 s set at the date of the first sample for each subject. Some sampling rounds were spread over 2 days, therefore days between exposure to index and first

sample may vary per subject

¢ Defined as infections in household members detected after day 0

4 A household member of this case tested positive in the 2 weeks before study initiation

¢ No symptom data available

fHousehold member tested positive but within 24 h after the student’s result
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students compared to staff (Additional file 3: Table S3).
Table 2 describes the temporal pattern of exposure,
school attendance, SARS-CoV-2 PCR results and symp-
toms among secondary cases. Out of the 21 secondary
cases of whom we obtained symptom data, only eight
(38.1%) were symptomatic at any time during follow-up.
In four of these participants, the symptoms were pre-
sent at the time of first sample collection. Notably, three
of them attended school while symptomatic. The other
four subjects developed symptoms 1 to 3 days after the
positive PCR result. Out of the 13 asymptomatic indi-
viduals, 8 (62%) were weakly positive, while none of the
symptomatic individuals were weakly positive. Onwards
SARS-CoV-2 infection among household members was
reported for 2 out of 21 (10%). One of the participants
from school A was already quarantined because of a posi-
tive test of a household member, while a student from
cluster C reported a family member who tested positive
the same day.

In total 46 paired specimen samples from secondary
cases were available (two cases did not participate in the
second test round). Discrepancies in test results between
the two, self-collected, specimens were observed in 19
out of 46 pairs (Additional file 3: Table S4). Eight of the
24 secondary cases tested positive only in saliva and five
only in NTS. Testing of a second NTS and saliva sample
after 3—7 days increased the detection rate by 33%. Low-
est Ct-values were detected for samples taken between
day 5 and 8 since last exposure and in symptomatic indi-
viduals (Fig. 2).

In school A and C multiple secondary cases were pre-
sent which allowed to investigate confirmation of a clus-
ter of infection by phylogenetic analysis (Fig. 3). A total
of 12 individuals were successfully sequenced of which 9
and 3 originated from school A and C respectively.

In school A, the SARS-CoV-2 RNA sequences origi-
nating from eight participants formed a cluster. Demo-
graphic data revealed that all participants from this
cluster were students and had only been in contact with
each other during school hours. They came from two
different classes who had been in contact with the same
index case teacher. All participants within the cluster
did not report any household members or other con-
tacts testing positive before their positive test result. In
addition, in one student a divergent strain was identified,
indicating a separate introduction.

In school C, four SARS-CoV-2 sequences from two stu-
dents phylogenetically clustered. They were classmates
and only had been in contact with each other and the
student index case during classes. One of the students
reported a household member who tested positive the
same day. For this school, also a phylogenetically distinct
strain within the outbreak was identified, again showing
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a second, independent introduction. These results clearly
show genetically linked transmission clusters, but also
show other distinct strains within outbreaks, indicative of
multiple introductions.

Environmental sampling of air and surfaces

In total 104 environmental samples were collected from
clusters B, C and D at the start of each investigation. All
the 51 collected air and 53 surface swab samples tested
negative for SARS-CoV-2. All field blank samples tested
negative in PCR. For a complete overview of sample
locations and results, see Additional file 3: Results and
Table S5.

Discussion

This detailed outbreak investigation among school con-
tacts of four SARS-CoV-2 clusters using repeated PCR
testing of two complementary specimens yielded a posi-
tivity rate of 9.1% with the majority of cases (61.9%)
being asymptomatic. The sequence results together with
detailed contact data indicate the presence of a clus-
ter within school A. Likewise, in school C the sequenc-
ing and contact tracing data suggest that two individuals
within the same class had infected each other. Remark-
ably, three out of the eight symptomatic individuals were
present at school, implying that the message to stay at
home and test when having symptoms was not always
properly followed-up. Combined, these observations
indicate that silent transmission of SARS-CoV-2 in sec-
ondary schools may occur. Yet, no SARS-CoV-2 con-
tamination was detected in any of the air and/or surface
samples collected from the schools during the period of
the outbreak, suggesting that environmental contamina-
tion was not widespread.

Reported SAR values from other school outbreak
investigations from the same period that used compara-
ble methodology ranged between 0.0 and 6.5% [9-18].
The majority of the secondary cases in these studies were
asymptomatic (47.8-66.6%), in line with our observa-
tions [10, 17]. Studies that used symptom based testing
alone reported no secondary cases [19, 20]. In compari-
son, in our study symptom-based testing by means of a
single NTS as was the policy at the time, would only have
identified six cases yielding a SAR of 2.3% compared to
9.1%. In Israel, a large outbreak was reported in a school
10 days after reopening. Testing of the complete school
community revealed an attack rate of 13.2% in students
and 16.6% in staff members of which 47.8% were asymp-
tomatic [21].

Combined, these results illustrate the importance
of the applied testing strategy in estimating outbreak
sizes in (school) populations, where silent circulation
of SARS-CoV-2 infections can be easily missed. In our
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study, we increased our detection rate by repeated test- compared to other outbreak studies. It should be noted

ing after 7 days and combining N'TS and saliva samples,  that 10 individuals were weakly positive and for miti-

which could partially explain our higher detection rate  gating transmission (early) detection of such cases may
be less important.
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Nevertheless, the role of asymptomatic and pre-symp-
tomatic infections in propagating the COVID-19 epi-
demic is now widely acknowledged, in particular among
school students because of their more intense contact
patterns. In our study, possible onward transmission to
household members was suggested for 10% of the sec-
ondary cases for whom this data was available.

Although we found evidence of SARS-CoV-2 trans-
mission within secondary schools, the lack of detectable
SARS-CoV-2 RNA in collected air and surface samples
suggests that major environmental contamination was
uncommon in schools under the prevailing conditions
at the time of the study. This is in contrast with findings
from previous outbreak investigations conducted at mink
farms and nursing homes, where similar sampling tech-
nologies were applied [1, 22]. In these studies, several air
samples collected in COVID-19 infected mink farms, and
a high percentage of both air and surface swab samples
collected in rooms in nursing homes with SARS-CoV-2
positive patients [1, 22]. A previous study in London also
found limited evidence of SARS-CoV-2 contamination in
school environments [18]. Only in a minority (<2-5%)
of surface swab samples taken in both the classrooms
of index cases and the washrooms, low amounts of viral
RNA could be detected, some of which were collected
before deep cleaning took place. In this study only 1/68
(1.5%) of the air samples was positive for SARS-CoV-2
[18]. Several factors could explain our negative results.
First, schools implemented various measures to increase
(hand) hygiene and prevented social gatherings. Second,
schools increased their ventilation regimes by opening
doors and windows and installing new mechanical ven-
tilation systems. Although, the effect of these interven-
tions on SARS-CoV-2 transmission is still unclear. Third,
in the nursing home and mink farm studies samples were
collected in the vicinity of acute phase shedding SARS-
CoV-2 patients or minks. This is in contrast with the sec-
ondary schools, where the known cases were isolated at
home. It was not possible to determine whether one or
more of the SARS-CoV-2 infections identified through
the intensified screening were present in the room during
air sampling due to restrictions associated with privacy
regulations. Moreover, most infected students and teach-
ers were asymptomatic or pauci-symptomatic which is
known to be associated with lower infectiousness [23].
Lastly, SARS-CoV-2 spread and transmission is suggested
to be a more local phenomenon, suggesting direct droplet
contact and/or close range aerosol (up to several meters)
as the dominant route of transmission in the school envi-
ronment [22, 24].

The major strength of this study is that we collected a
large amount of data in school contacts (e.g. sequenc-
ing, symptom onset and recent exposure), irrespective
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of symptoms, which provided an opportunity to obtain
extensive virological and contact tracing information
from the subjects. Furthermore, we increased our detec-
tion rate by combining specimens and testing twice.
Lastly, the combined sampling of the environment and
school contacts facilitated identification of transmission
mechanisms within secondary schools. However, some
limitations need to be addressed: First, we investigated
only four outbreaks and observed a high variability in
SAR between clusters, reflecting the stochasticity in our
data. Second, the low participation rate among contacts
may have resulted in under- or overestimation of the
SAR due to selection bias. Third, we only invited stu-
dents to participate if they shared a classroom with the
index case. Consequently, we may have missed second-
ary cases among other school contacts with whom the
index case spent time during breaks. Fourth, we cannot
conclude that the observed SAR solely reflects school
transmission rates, because sequencing of samples was
incomplete for secondary cases and not available for
index cases. The SAR may therefore have been somewhat
inflated by simultaneous unrelated introductions. How-
ever, apart from two participants in our study, no other
participants reported contact with a known case outside
the cluster. Fifth, cluster detection may have been incom-
plete because of the limited testing policy at the time
and because schools may have been incomplete in their
reporting of clusters. To minimize this underreporting,
schools could contact the study team daily throughout
the study to discuss the situation in their school and to
assess whether criteria for an epidemiological link and
cluster were met. Last, the outbreak investigation was
performed during the pre-alpha period when school aged
children were not vaccinated and there was less prior
immunity in the population. Therefore, the results should
be interpreted in the context of the epidemiological situ-
ation at the time.

Conclusion

In conclusion, our study confirmed within school SARS-
CoV-2 transmission, but also multiple introductions
and substantial silent circulation at a time with limited
COVID-19 prevention measures in secondary school
settings and minimal prior immunity. Absence of wide-
spread air or surface contamination suggests transmis-
sion may have occurred most likely via direct route or
close range aerosol transmission route. Repeated testing
is complementary and therefore recommended when
complete case detection is desired. These insights can
contribute to the discussion on the role of secondary
schools in the transmission of SARS-CoV-2 and how to
improve future outbreak studies.
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