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Introduction: Here we report our results of a multi-center, open cohort study (“COVID-
Kids-Bavaria”) investigating the distribution of acute SARS-CoV-2 infections among
children and staff in 99 daycare facilities and 48 elementary schools in Bavaria, Germany.

Materials and Methods: Overall, 2,568 children (1,337 school children, 1,231
preschool children) and 1,288 adults (466 teachers, 822 daycare staff) consented
to participate in the study and were randomly tested in three consecutive phases
(September/October 2020, November/December 2020, March 2021). In total, 7,062
throat swabs were analyzed for SARS-CoV-2 by commercial RT-PCR Kits.

Results: In phase |, only one daycare worker tested positive. In phase Il, SARS-CoV-
2 was detected in three daycare workers, two preschool children, and seven school
children. In phase lll, no sample tested positive. This corresponds to a positive test rate
of 0.05% in phase |, 0.4% in phase Il and 0% in phase lll. Correlation of a positive
PCR test result with the local-7-day incidence values showed a strong association of
a 7-day-incidence of more than 100/100,000 as compared to <100/100,000 (OR =
10.3 [1.5-438], p < 0.005). After phase lll, antibody testing was offered to 713 study
participants in elementary schools. A seroprevalence rate of 7.7% (students) and 4.5%
(teachers) was determined.
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Discussion: During the initial waves of the SARS-CoV-2 pandemic, the risk of a positive
SARS-CoV-2 result correlated positively with the local 7-day incidence. Hence, the
occurrence of SARS-CoV-2 infections were reflected in schools and daycare facilities.
An increased risk of SARS-CoV-2 transmission in the setting of daycare and elementary

schooling was unlikely.
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INTRODUCTION

When the current coronavirus disease 19 (COVID-19) pandemic
started spreading around the world, this scenario immediately
invoked concerns with respect to earlier pandemic situations,
such as the 1918 influenza pandemic. Back then, predominantly
the younger age groups had a high morbidity and mortality
burden, in part due to transmission dynamics. Closing schools
was an effective measure to control the spread of the disease
(1). Also, during seasonal influenza waves primarily young
children played a significant role in disease spreading (2).
Initially, this raised concerns that children may be a major
contributing factor for spreading severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). As a mitigation measure
many countries—including Germany—closed their schools. This
disrupted education for billions of learners worldwide (3) but also
led to impaired physical and mental health as well as increased
socioeconomic and gender inequalities (4).

Even though infection rates in children were eventually found
to be as high as in adults (5), COVID-19 generally causes
only mild disease in children, including infants (5, 6). Many
children remain completely asymptomatic (7). Thus, the impact
of asymptomatic individuals on operating schools and daycare
facilities remained unclear.

Hence, the COVID Kids Bavaria study was initiated to
investigate the occurrence and transmission rates of SARS-
CoV-2 infections among children and staff in daycare facilities
and elementary schools in Bavaria, Germany. Here, we report
the occurrence of incident and prevalent cases in relation to
the overall Bavarian incidence rates in three consecutive test
phases between September 2020 and March 2021. We also
determined the seroprevalence rate after completion of the PCR-
based analysis.

MATERIALS AND METHODS

Population
The COVID Kids Bavaria study is a large, multi-center, open
cohort study investigating the distribution of SARS-CoV-2
among children and staff in daycare facilities and elementary
schools in Bavaria, Germany. Six study centers were involved
representing all Bavarian university children’s hospitals (Ludwig-
Maximilians-Universitit Miinchen, Technische Universitit
Miinchen, Augsburg, Erlangen, Regensburg, Wiirzburg).

Local ethics committees approved the study protocol and
all related documents. COVID Kids Bavaria is registered

with the German Clinical Trials Register (http://www.drks.de/
DRKS00022380).

Bavaria is the largest of 16 federal states in Germany with
a population of 13.2 million (8). In 2,408 elementary schools,
approximately 442,000 children are being educated. The vast
majority of these schools (2,257) are public schools (9). For
representativeness, one public elementary school was selected
from each of the 46 electoral districts, which divide the federal
state of Bavaria in similar shares with respect to population
size (Figure 1). Each elementary school was matched by two
daycare facilities in the surrounding area (one nursery and one
kindergarten or combined facilities). Facilities were characterized
as urban or rural according to data from the Federal Statistical
Bureau of Germany (10).

Participants were eligible for enrollment if they met the
following inclusion criteria: child aged 1 to 10 years or
teachers/daycare staff attending the participating facilities at the
day of assessment and written informed consent provided by
participants or their legal representatives. In addition, individuals
had to be in a state of health permitting to visit the facilities as
outlined by the latest corona guidelines from the department of
health at the time of assessment (11).

Eligible participants were approached from June 2020 and
recruitment was continued throughout all phases. Study visits
occurred in each facility once in every phase. Phase I took
place from 2020-09-23 till 2020-11-05, phase II from 2020-11-23
till 2020-12-16. Phase III was initially scheduled for 2021-01-
25-2021-02-12 but was shifted to 2021-03-01-2021-03-26 due
to lock down measures. Phase I was dominated by the SARS-
CoV-2 wild type. Additionally, from December 2020 onwards
variants of concern were detected in the German population
[Alpha (B.1.1.7); Beta (B.1.351); Gamma (P.1)] until completion
of throat swab sampling. To exclude contamination effects by
infections acquired during holidays or lock down periods, each
study phase started with a delay of at least 2 weeks from
reopening of the facilities.

A pilot phase was conducted in July 2020 before the
summer holiday break in two elementary schools to validate
measurement instruments.

The majority of children enrolled in the pilot phase were
visiting the last grade of elementary school. By design, the
enrolled children of the last grade of the elementary school could
not be followed up after the summer break. Therefore, the results
of the pilot phase are reported separately.

For assessing non-response, an additional anonymous
questionnaire was sent to parents of school children of 15
selected elementary schools via an online survey platform. Here,
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FIGURE 1 | Participating facilities in Bavaria: The white lines delineate the 46
electoral districts (Bundestag constituencies) with approximately equal
population shares.

we asked for their reason to participate or not to participate in
our study as well as compliance with SARS-CoV-2 protection
measures and general demographics.

To correlate SARS-CoV-2 cases detected by this study with
the occurrence of infections across Bavaria, numbers of the local
7-day incidence were drawn from the publicly available LGL
database (12). The correlation was based on the 7-day incidence
of the administrative district of each individual sampling site on
the day of testing.

PCR Testing for SARS-CoV-2

Each visit entailed testing of a random sample for SARS-CoV-
2 by oral throat swabs and subsequent pseudonymized RT-PCR
analysis. Sample size for PCR-testing was calculated estimating a
point prevalence of SARS-CoV-2 of 3% and a detection of every
sixth case by testing only on a single day per class or group. This
results in an expected proportion of positive tests of 0.5%. To
determine the point prevalence on an alpha level of 5% with a
power of 80%, 3000 samples per study phase were necessary.

For PCR testing, random subsamples were selected with 18
school children/preschool children and 4 teachers/daycare staff
per facility during phase I. This figure was increased to 40 school
children/20 preschool children and 20 teachers/10 daycare staff
during the subsequent phases. In addition, the full set of pilot
samples were subjected to PCR testing.

PCR analyses for SARS-CoV-2 was conducted by laboratories
of the Bavarian Health and Food Safety Authority (LGL) using

the RT-PCR method. The tests detected at least 2 gene regions
of the viral RNA. (E gene & S gene, RealStar SARS-CoV-
2 RT-PCR Kit, Altona Diagnostics; E gene & Orf la gene,
ampliCube Coronavirus SARS-CoV-2, Mikrogen Diagnostik;
E gene & N2 gene, Xpert Xpress SARS-CoV-2,Cepheid; N
gene & RARp gene, Abbott RealTime SARS-CoV-2-Amplificaton
Reagent Kit, Abbott Molecular). Positive test results were
immediately reported to participants and local health authorities.
Performance of Next Generation Sequencing was feasible for
five samples.

Following a standardized questionnaire, secondary attack
rates and infection circumstances were assessed retrospectively
via telephone interviews with participants tested positive in
the PCR.

Seroprevalence Substudy

To assess seroprevalence in our cohort, antibody-testing against
SARS-CoV-2 was offered to staff and children in 15 selected
elementary schools in June/July 2021.

Antibody testing was conducted by the LMU Klinikum,
Department of Infectious Disease and Tropical Medicine, using
a pan IgG-antibody test (13). The N-Antigen was detected
analyzing capillary blood on standardized filter paper (Anti-
SARS-CoV-2 N, Roche). At the same time participants completed
a questionnaire regarding the history of a SARS-CoV-2 infection
confirmed by laboratory testing.

Statistical Analyses

Descriptive statistics included summaries of participation rates
at the facility and individual level. Key characteristics of
participants (age, sex) were summarized as mean (range) or count
(percentage). Missing values are listed in the respective tables;
they were not imputed.

Characteristics of responders and non-responders were
compared by Fisher’s exact test. Odds ratios (OR) with 95%-
confidence intervals (CI) were also calculated by Fisher’s
exact test; Wilcoxon rank sum test was used to compare
continuous variables.

The positive test rate was calculated as a percentage of
positive tests among all tests performed. Seroprevalence was
calculated as a percentage of positive tests among all tests
performed and stratified by age groups (children/adults). The
95% confidence intervals for binomial values were calculated by
exact binomial tests.

All statistical analyses were performed with R (version 4.0.0)
(14) including the packages tidyr, dplyr for data processing and
ggplot2 and ggmap for data visualization.

RESULTS

Of all 149 enrolled facilities, 147 facilities were visited by study
teams (Figure 1). The selected facilities represented urban (23
elementary schools, 54 daycare facilities) and rural areas (25
elementary schools, 45 daycare facilities). Two facilities were not
visited as they were locked down during sampling periods.
Extrapolating from the size and number of facilities, we
expected 10,723 school children, 682 teachers, 8586 preschool
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FIGURE 2 | Participant Flow: Inclusion and participation of study individuals for throat swab- PCR-testing.

TABLE 1 | Population characteristics by study group.

Age group Children Adults

Facilities Elementary schools Daycare facilities Elementary schools Daycare facilities

N (%) 1728 (0.56) NA 1373 (0.44) NA 545 (0.40) NA 830 (0.60) NA
Gender female N (%) 840 (0.49) 21 675 (0.49) 4 481 (0.89) 4 783 (0.95) 5
Age in years: Median (Range) 8.1(5.8-11.6) 11 4.1 (0.1-6.8) 2 46.3 (17.9-67.9) 1 39.3 (16.3-71.3) 1
Region rural/urban N (%) 697 (0.40)/1031 0 590 (0.34)/783 0 212 (0.39)/333 0 367 (0.44)/463 0

Number (N) and proportion (%) of participants;, NA, not available (missing data).

3583 Participants (7062 PCR Tests)
. School children . Preschool children . Teachers // Daycare staff

1250 1099

Participants

1909
Phase |

2904
Phase Il

Study Progress

2249
Phase IIl

FIGURE 3 | Participants tested by phase and study group: Numbers of
participants tested are given by study group and study phase. Altogether
7,062 tests were performed with no available result in 9 tests. The 13 positive
PCR tests are marked by red dots.

children, 1,299 daycare staff to be eligible. Of these, 2568
(66.6%) children [1337 (34.7%) school children, 1,231 (31.9%)
preschool children] and 1,288 (33.4%) adults [466 (12.1%)
teachers, 822 (21.3%) daycare staff] consented to participate
in the study and to provide throat swabs for SARS-CoV-2
testing (Figure 2).

Preschool children covered an age range from 0 to 7 years
and school children from 6 to 12 years (Table 1). Sex distribution
was equal in children, whereas teachers and daycare staff
were predominantly female (89 and 95%, respectively). The
non-response assessment questionnaire was answered almost
equally by the parents of participating and non-participating
individuals (46.9 and 53.1% respectively). Participating and non-
participating children were similar in demographics and their
parents had a similar educational level and felt equally affected
by the COVID-19 pandemic (Supplementary Table 1). Non-
participation in the study was associated with considering general
hygiene measures (e.g., wearing masks, social distancing, and
washing hands) to be less important, lower interest in vaccinating
their children against SARS-CoV-2 and being less anxious about
contracting SARS-CoV-2. The most common reasons for parents
not to participate were (i) the wish to spare their children a throat
swab and (ii) rejection of their children to participate.

PCR-testing for SARS-CoV-2 was performed in 7062
throat swab samples, 4,775 (67.6%) samples from children
[2,537(35.9%) school children, 2,238 (31.7%) preschool children]
and 2287 (32,4%) samples from adults [800 (11.3%) teachers,
1,487 (21.1%) daycare staff]. Of these, 13 samples tested positive
for SARS-CoV-2 with one daycare worker in phase I (1 positive
sample out of 1.909, 95% CI: 0.0-5.6) and three daycare workers,
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TABLE 2 | Characteristics of participants with positive test resullt.

Phase Facility Age CT-value Virus Supposed mode of Initial Subsequent Supposed Details
group <30 variant Transmission Symptoms  Symptoms further
transmission

| Daycare Adult No Unknown* Colleague at work Yes Yes No
Il Daycare Adult No Unknown* Colleague/child at No Yes Family

work
I Daycare Adult No Unknown* Colleague/child at No Yes No

work
I Daycare Adult No Unknown* Colleague/child at No No No

work
Il Daycare Child No Unknown* Family No No No Prior infection®
Il Daycare Child No B.1.177 Family No Yes No
Il School Child No Unknown* Family No No No Prior infection®
Il School Child No Unknown* Family No Yes No
Il School Child yes B1.160 Family No Yes Family In quarantine when

test result arrived
Il School Child No Unknown* Not known No No No
Il School Child No Unknown* Not known No Not known Not known Prior infection®
Il School Child No B1.160 Not known No No No In quarantine shortly
before testing

Il School Child No Unknown* Not known Yes No No

8The test was performed after the individual had been tested positive previously and had been isolated for 14 days. *Virus variants were not determinable in most cases due to low

number of viral copies in the sample (Ct values mostly <30).

two preschool children, and seven school children in phase IT (12
positive samples out of 2.904, 95% CI: 6.2-20.9) (Figure 3). The
throat swab samples obtained in phase III yielded no positive
SARS-CoV-2 PCR results (0 positive samples out of 2.249, 95%
CI: 0.0-3.7). These figures correspond to a positive test rate of
0.05% in phase I, 0.4% in phase IT and 0% in phase IIL

Four daycare workers and six children were newly detected by
our study. Three other children with positive PCR tests turned
out to have been diagnosed with SARS-CoV-2 by other measures
in the past. They were allowed to reenter their school after
completing a 14-days isolation period and still tested positive
after readmission (Table 2).

Two potential clusters with two positively tested children each
within one school, but different classes, were identified. In the
retrospective case analysis, five families stated that their children
were presumably infected by other family members. With a cycle
threshold (ct) of <30, only one child was presumably highly
infectious at the time of testing. This child had already been
quarantined as a contact person on the subsequent day before our
test result arrived (Table 2).

The results of the pilot study were analyzed separately (see
Methods). In July 2020, two elementary schools were visited,
and 60 swabs were taken in 32 school children and 28 teachers.
At the time, schools reduced the number of students per class
following public health policy measures. Therefore, classes were
divided into two groups. In one group of fourth-grade students,
two children tested positive, whereas the other group could not
be tested as they had been quarantined shortly before.

The countrywide incidence of COVID-19 varied considerably
over the study phases (Figure 4). The local 7-day incidence used

for calculation refers to the 7-day incidence of the administrative
district of each individual sampling site on the day of testing.

During phase I the mean local 7-day-incidence was 55/100,000
(range: 4-255/100.000), during phase II 184/100,000 (range:
84-580/100.000) and during phase III 77/100,000 (range:
12-238/100.000), yielding a mean local 7-day-incidence of
115/100,000 over all tests performed. Positive PCR tests were
obtained on days with a local 7-day incidence of 212/100,000
on average, whereas negative PCR tests corresponded to an
average 7-day incidence of 115/100,000 (Figure 5). During data
collection a local 7-day incidence of more than 100/100,000
triggered stricter governmental containment measures including
school closures or schooling in smaller groups. Hence, the
threshold of 100/100,000 was of societal interest. Our correlation
shows that a positive PCR test result was strongly associated with
alocal 7-day incidence of more than 100/100,000 as compared to
<100/100,000 (OR = 10.3 [1.5-438], p < 0.005).

Upon completion of the three phases of PCR-testing,
IgG antibody-testing for SARS-CoV-2 was performed in 713
individuals attending elementary schools [511 (71.7%) children,
202 (28.3%) teachers]. Of these, 39 school children and 9
teachers tested positive for SARS-CoV-2-antibodies, whereas
negative results were obtained in 470 school children and 193
teachers. This corresponds to a seroprevalence of 7.6% (95%
confidence interval: 5.5-10.3%) in school children and 4.5%
(95% confidence interval: 2.1-8.3%) in teachers. In 2 samples
from school children, serum antibody assays failed for technical
reasons and therefore measurements were not available.

Of all individuals tested for SARS-CoV-2-antibodies, 438
provided information on whether a potential previous infection
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TABLE 3 | Recall of SARS-CoV-2 infection and measured antibodies against
SARS-CoV-2.

I

Sép dct Nlov Dtl-:-c Jén Féb Mlar A'pr
2020 Time 2021

7-day incidence/100.000 individuals

FIGURE 4 | Timeline of testing: Gray bars denote the daily 7-day
incidence/100,000 in Bavaria. The vertical yellow lines reflect the days of PCR
testing in Phase I, Il and Ill, respectively. Days with positive PCR test results for
SARS-CoV-2 are marked by purple lines.
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FIGURE 5 | PCR test results in the context of local 7-day incidence numbers:
The local 7-day incidence per 100,000 individuals differs between days when
negative and positive PCR test results were obtained in our study (o < 0.0005).

confirmed by laboratory testing has occurred or not (Table 3).
The recall of a prior infection with SARS-CoV-2 confirmed by
a positive PCR test result yielded a false negative rate of 56% in
children and 50% in adults (OR = 1.24 [0.14-11.05]).

DISCUSSION

The COVID Kids Bavaria study assessed the occurrence of SARS-
CoV-2 in healthy individuals attending elementary schools and
day care facilities in three different phases covering the second
and third wave of the COVID-19 pandemic in Bavaria. Of 7,062
PCR-tests in 3,856 participants, 13 yielded a positive test result
(4 daycare workers, 2 preschool children, 7 school children), of
whom three children were known cases testing still positive after
a required isolation period of 14 days. A positive PCR test result
was strongly associated with a local 7-day incidence of more than
100/100,000 as compared to <100/100,000 (OR = 10.3 [1.5-438],
p < 0.005). Half of the individuals with detectable IgG antibodies
against SARS-CoV-2 were unaware of a previous infection.
Essentially, we did not intend to quantify the overall
prevalence of disease within the specified target population, as
this is already done by other scientific studies (15, 16) and the
health authorities (17). Rather we aimed to assess the spread of

Age Detection of Recall of positive False False
group SARS-CoV-2 PCR test negative positive
antibodies
Yes No

Adults Yes 6 3 3 50%

No 117 3 114 3%
Children Yes 27 12 15 56%

No 288 2 286 1%

the disease in healthy individuals attending day care facilities and
elementary schools on a regular basis. A strength of our study
is the broad coverage of urban and rural areas and the equal
representation of all Bavarian districts. This has been facilitated
by a collaborative effort of all University Children’s Hospitals of
Bavaria, the support of the health authorities, and the involved
facilities. An anonymous non-responder questionnaire showed
no significant differences with respect to demographics and
experience of personal limitations due to restrictions of everyday
life. However, participants and non-participants differed in their
perception of their personal risk and of the necessity of hygiene
measures. These moderate differences were expected and indicate
a minor but no major selection bias.

The initial sample size calculation was based on the
assumption that 0.5% of PCR samples would be positive. This
figure was derived from an estimated point prevalence of 3% and
an average incubation period of 6 days (18). The 3% estimate
was estimated based on the 7-day-incidence in Bavaria during
study protocol preparation. Additionally, similar prevalence
values were reported by a Spanish seroepidemiological study
(19). Bavarian seroepidemiological prevalences had not been
published at that time. When testing an individual only on 1
day, as in our study by design, 5 out of 6 individuals might
escape. Retrospectively the assumed figure of positive samples
was an overestimation, and the projected sample size was not
reached in phase I due to a low recall rate and in phase III due to
lockdown measures. However, intensified recruitment in phase
IT led to an inclusion of 2900 individuals and a detection of 0.4%
positive samples thereby almost meeting the prior assumptions
suggesting that the incidence in children and staff was not higher
than in the general population.

The low number of detected cases could suggest that
established hygiene measures worked reliably and prevented
daycare facilities and elementary schools from major outbreaks.
These findings build upon the results of a previous study
conducted in the Munich metropolitan area (20). Moreover, the
risk of asymptomatic SARS-CoV-2 infections in children visiting
daycare or elementary schools was rather low, as hardly any
new cases were detected. Only nine children were tested positive,
three of these were known cases detected upon recovery and
after 14 days of isolation. These three children had a low virus
load as indicated by Ct values > 30 and thus were unlikely to
spread SARS-CoV-2.
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Our detection rate was closely related to the local incidence
numbers in the respective administrative districts of Bavaria,
which is illustrated by the particularly strong association of
detection of cases in our population with the concurrent local
incidence values above 100/100,000. Together with the exact
timing of the detection of positive samples (Figure4), this
demonstrates that the COVID Kids Bavaria study mirrored well
the spread of SARS-CoV-2 across Bavaria. Similar findings were
reported by a study from Public Health England, which describes
a strong association of SARS-CoV-2 outbreaks among staff and
students in educational settings during June/July 2020 in England
with the regional COVID-19 incidence (21). Studies from other
countries have also highlighted that community transmission
of SARS-CoV-2 is a risk factor for transmission in daycare
facilities and schools (5, 22). Collectively, these results are in
line with the concept that the spread of SARS-CoV-2 in the
population were not primarily “driven” by children attending
elementary schools and daycare facilities in Germany prior to
delta and omicron waves (20, 23-25). Furthermore, the findings
of a Catalonian study and a recent report of the European Center
for Disease Prevention and Control (ECDC) report fewer SARS-
CoV-2 outbreaks in preschools and primary schools compared to
secondary schools (5, 26).

The study was not designed to track chains of infection, to
assess local outbreaks, or to determine the secondary attack rate.
Our random sampling strategy thus cannot offer a complete
picture of the epidemic activity in entire school classes and
daycare groups. Nevertheless, retrospective interviews with
parents suggested that transmission of the virus to children
occurred predominantly at home and not within daycare facilities
or elementary schools. This is in line with findings of a case
control study from the U.S. in children and adolescents: A
positive SARS-CoV-2 test was not associated with in-person
school or childcare attendance during the preceding 2 weeks (27).
In our survey, only a single individual was found to have a high
viral load (i.e., a Ct value below 30) and thus a marked potential
to spread the virus. Of note, even before the return of our PCR
test result, this child had been quarantined because a close SARS-
CoV-2 positive contact person had been identified by the health
authorities. In other words, only one person day of the about
7,000 person days covered by our tests bore a marked risk of
spreading the disease.

Our study population was characterized by the absence
of symptoms suggestive of a SARS-CoV-2 infection as we
deliberately tested children and adults who were allowed to
attend their respective facilities only in good health. This
is in sharp contrast to the predominant testing strategy of
the health authorities, which focused mainly on symptomatic
individuals or those with a high likelihood of relevant exposure.
Therefore, asymptomatic individuals might have been missed by
the authorities, thereby underestimating the true incidence in
the entire population systematically. Conversely, our approach
missed symptomatic individuals as these were not present at their
facilities during the assessment.

Upon completion of the PCR-test phases, we added a
serological study module to estimate the numbers of recorded
and unrecorded cases in the population of school children and

their teachers. The detected seroprevalence of 7.7% among school
children in summer 2021 corresponds to the figure of 8.4% [95%
confidence interval: 6.4-10.9%] determined in 15,771 children
in a seroepidemiological study in Bavaria, Germany (28) and
7.8% [95% credible interval 6.2-9.5%] determined in 2500 Swiss
children (29) in fall 2020. The proportion of undetected cases
in our cohort, i.e., individuals unaware of a previous infection,
was about 50%. The share of undetected cases was much lower as
compared to an earlier seroepidemiological study in Bavaria: In
fall 2020, infections among children up to 18 years old were 6-
fold higher than the actual reported incidence. In the beginning
0f 2021, the numbers were still three to four times higher (28, 30).
This gradual decline may reflect an increase in the coverage of
tests, particularly in asymptomatic individuals. This notion is
supported by our antibody sub-study with an even lower share
of unrecorded cases.

At the time of writing this manuscript, Health Authorities
in Bavaria have intensified the screening efforts by rolling
out RT-PCR pool testing and Antigen testing 2-3 times per
week, thereby missing hardly any incident case in children,
including asymptomatic individuals. In week 48 (December)
2021, the corresponding 7-day-incidence values were 1,172 in
school children (aged 6-11 years) and 579 in middle-aged
adults (35-59 years) (12). Consequently, our data from the
first waves of the COVID pandemic cannot easily be compared
to the current situation. Moreover, at the time of our field
phases few adults and virtually no children were immunized,
and infection dynamics have been changing substantially with
newly emerging SARS-CoV-2 strains characterized by increased
transmissibility. Regarding the increased transmissibility, a 6-8-
fold higher incidence of SARS-CoV-2 infections within the age
group of 0-4 years associated with Omicron compared to Delta
was shown by a retrospective cohort study (09/2021-01/2022)
conducted in the United States of America (31).

Nevertheless, our study is in line with the idea that hygiene
measures and testing strategies during the early waves of Covid-
19 contained the pandemic in elementary schools and daycare
settings, particularly when the Bavarian incidence was high
(i.e., phase II during the second wave). With systematic and
comprehensive testing strategies (32, 33), maintaining hygiene
measures and increasing vaccination rates we may be in a better
situation to face the currently prevailing Delta and Omicron
variants without falling back to less sophisticated measures
such as extensive and complete closing of schools and daycare
facilities. Recent German studies have clearly pointed out the
magnitude of side effects of school closures including a lack of
opportunities to learn and socialize leading to an increased risk
of psychiatric problems and chronic disease (4, 34) as well as
a rise in educational inequality (35). Hence, an informed cost-
benefit analysis prior to reinstall such mitigation measure needs
to be performed.

While closing schools may have been a rational strategy during
the influenza pandemic about 100 years ago, today, we have
access to highly improved diagnostic and preventive measures.
Our data, along with other studies, provide an argument for
reserving complete shutdown of schools and daycare facilities as
an ultima ratio measure.
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