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Abstract

Background Thee is much debate about the role of schools and children in the SARS-CoV-2
pandemic. We aimed to quantify reliably the prevalence of SARS-CoV-2 infections at schools detected

with reverse-transcription polymerase-chain-reaction (RT-PCR).

Methods This nationwide prospective cohort study monitors a representative sample of pupils (grade
1-8) and teachers at Austrian schools throughout the school year 2020/2021. We repeatedly test

participants for SARS-CoV-2 infection using a gargling solution and RT-PCR. We herein report on the
first two rounds of examinations. We used mixed-effect logistic regression to estimate odds ratios and

robust 95% confidence intervals (95% ClI).

Findings We analysed data on 10734 participants from 245 schools (9465 pupils, 1269 teachers).
Prevalence of RT-PCR-detected SARS-CoV-2 infection increased from 0.39% at round 1 (95% CI
0.28-0.55%, 29 September-22 October 2020) to 1.42% at round 2 (95% CI 1.06-1.90%, 10-16
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November). Odds ratios for SARS-CoV-2 infection were 2.29 (95% CI 1.26-4.17, P=0.007) in regions
with >500 vs. <500 inhabitants/km?, 1.69 (95% CI 1.42-2.00, P<0.001) for a two-fold higher regional 7-
day incidence, and 2.71 (95% CI 1.68-4.39, P<0.001) in pupils at schools with a high/very high vs.
low/moderate social deprivation index. Associations of community incidence and social deprivation
persisted in multivariable models. There were no differences between age groups, sexes, pupils vs.

teachers, or primary (grade 1-4) vs. secondary schools (grade 5-8).

Interpretation This monitoring study in Austrian schools revealed SARS-CoV-2 infection in
0.39%-1.42% of participants and identified associations of regional community incidence and social

deprivation with higher prevalence.

Funding BMBWF Austria.

Introduction

The SARS-CoV-2 pandemic poses unprecedented challenges on our educational systems.! As part of
wider strategies to contain the spread of the SARS-CoV-2 virus, many countries have devised
measures at schools with the aim of reducing infection risk. These measures include adapted in-
person learning (e.g. reduced class sizes, staggered time tables, wearing of masks), complete school
closures coupled with virtual learning, or hybrid models.? School closures represent a very effective
non-pharmaceutical intervention to reduce the transmission of SARS-CoV-2,® but have many adverse
consequences.’ Thus, there is extensive debate about the role of schools and children in the SARS-

CoV-2 pandemic.’*

Several prior studies have examined representative samples of the general population to assess how
frequently SARS-CoV-2 infections occur in children compared to adults. For instance,
seroepidemiological studies®~’ showed a somewhat lower prevalence of SARS-CoV-2 antibodies in
children than in adults, but it remains unclear whether this difference arises from reduced exposure
related to schools closures, a distinct immune response, or — indeed — reduced susceptibility.
Furthermore, screening studies of the general population in the UK demonstrated significant time
trends in SARS-CoV-2 infection in children over the past months, with a sharp increase in prevalence
in the latest report.®? In contrast to these studies in the general population, evidence from studies with
a specific focus on schools is sparse and is largely restricted to contact-tracing and notification-based
studies,'? rather than large-scale screening of schools for SARS-CoV-2 infection. As children are more
likely to be asymptomatic than adults after a SARS-CoV-2 infection,’ large-scale screening studies are

particularly needed for comprehensively investigating their role in the SARS-CoV-2 pandemic.

We therefore designed the School-SARS-CoV-2 Study, a nationwide prospective cohort study that



screens pupils and teachers at schools in Austria for the occurrence of SARS-CoV-2 infection. We
planned to examine study participants repetitively throughout the school year 2020/2021 in 3-5 week
intervals. In the present analysis, we analysed data from the first two rounds of examinations with two
main aims: (i) to reliably quantify the prevalence of SARS-CoV-2 infection detected with reverse-
transcription polymerase-chain-reaction (RT-PCR) and (ii) to determine factors that may be associated

with a higher or lower prevalence, thereby informing upcoming public health policies.

Methods

Study population

The School-SARS-CoV-2 Study is a nationwide prospective cohort study that monitors a
representative sample of pupils and teachers in Austrian schools for presence of RT-PCR-detectable
SARS-CoV-2 infection. Throughout the school year 2020/2021, repeat measurements are conducted
every 3-5 weeks. The present analysis reports on the first two rounds of examinations. After excluding
schools with less than 20 pupils from the sampling frame, we randomly selected a total of 250 schools
to participate in the study. The selection process was stratified by federal states, employed selection
probabilities proportional to the numbers of pupils enrolled at the schools, and involved primary

schools (grade 1-4) and secondary schools (grade 5-8).

Within each school, 60 pupils spread across all classes were invited randomly to participate in the
study. In small schools with a total number of pupils less than 60, all pupils at the respective school
were invited. The study population was supplemented with a random selection of teachers at a target

sampling proportion of 1:10, compared to the number of pupils selected at a school.

The study received ethics approvals by the ethics committees of the Medical University of Graz (no.
32-672 ex 19/20), Medical University of Innsbruck (no. 1319/2020), the Johannes Kepler University of
Linz (no. 1222/2020), and the University of Vienna (no. 00591/2020). Written informed consent was
obtained from (i) teachers, (ii) participants and their legal representative for pupils aged 14 years or
older, or (iii) their legal representative only for pupils younger than 14 years, according to the ethical

approval.
SARS-CoV-2 detection by RT-PCR

To test participants for presence of RT-PCR-detectable SARS-CoV-2 infection, they were asked to
gargle 5 ml of a physiological saline solution or a modified Hank’s balanced salt solution (CaClI2 x
2H20 1.26 mmol, MgCI2 x 6H20 0.493mM, MgS0O4 x 7H20 0.41 mM, KCI 5.33 mM, KH2PO4 0.44
mM, NaHCOS3 4.17 mM, NaCl 137.93 mM, Na2HPO4 0.34 mM, D-Glucose 5.56 mM) for a total of 60

seconds. Participants were asked not to eat or drink for at least one hour before gargling. After



gargling, the specimen was first transferred to a 50 ml falcon tube and subsequently pipetted into a
sample tube (approximately 700 ul), cooled at a temperature of 2-8 °C, and transported by courier to
one of the four study laboratories for further analysis within a day. To assure that gargling specimen
was collected in a standardised manner, school doctors, their assistants, and participants received
access to training videos and printed material with detailed step-by-step instructions. Gargling for
sample generation is part of the Austrian test strategy outlined by the Austrian Ministry of Health and is
widely applied in Austria also for diagnostic testing. Gargling has been demonstrated to produce
comparable sample quality like throat swab samples for other respiratory viruses'' and has also been

applied successfully for the detection of SARS-CoV-2.12-1°

At the laboratories, sample inactivation, RNA extraction, and RT-qPCR detection of SARS-CoV-2 was
performed according to previously established protocols (for details, see Supplementary Material).
Gargling samples were analysed in pools with a maximal pool size of 10. Positively tested pools were
opened and samples were analysed individually. For all positively reported samples at least two viral
genes were detected. SARS-CoV-2 PCR results were immediately reported to the study participants
and school administrations via text messaging and/or email. Whenever a positive test result was

obtained, the local health authorities were also informed instantaneously according to Austrian law.
Collection of additional data on participants and schools

In addition to the exact time point and the SARS-CoV-2 PCR test result, data were recorded on the
participants’ age and sex and — for pupils — the grade and class they currently attend. At the school
level, we collated information on (i) the type of school (primary vs. secondary school), (ii) the
geographical location, (iii) the total number of teachers, pupils, and classes at the school, (iv)
population density at the municipality in which the school is located, and (v) an average social

deprivation index for the pupils attending the school.

The social deprivation index had been ascertained in 2013 using methods described previously'®. In
brief, it combined information on four distinct domains: (i) highest level of education of the pupil’s
parents, (ii) current occupation of the pupil’s parents, (iii) migration background, defined as both
parents born in a foreign country (OECD definition), and (iv) first language other than German.
Following the recommendation of Bruneforth et al.,’” we categorised the social deprivation index
score, as “low” (score 100-<115), “moderate” (score 115-<125), “high” (score 125-135) and “very high”
(score >135). Finally, we obtained data on the regional 7-day incidence of documented COVID-19
cases for all 94 districts in Austria via the publicly available data and dashboard of the Austrian health
authority'® and merged these data with the school datasets according to districts and time points of the

gargling tests.

Statistical methods



In planning the sample size for this study, we estimated the widths of 95% confidence intervals of
SARS-CoV-2 infection prevalences ranging between 0 and 1%, assuming a design effect of 4.0, and
considered a sample size involving 11900 pupils and 1200 teachers recruited across 250 schools to
afford sufficient statistical power. For instance, based on the assumed design effect, we expected
prevalences of 0.15%, 0.40%, and 0.70% to be associated with 95% confidence intervals of 0.05-
0.36%, 0.21-0.68%, and 0.45-1.05%, respectively.

In descriptive analyses, we summarised categorical variables as counts and percentages and
continuous variables as means and standard deviations (if approximately normally distributed). We
tested whether characteristics of participating schools were associated with each other using x>-tests.
In analyses of the prevalence of RT-PCR-detectable SARS-CoV-2 infection (ie, overall prevalence,
differences in the prevalence across the two rounds of examinations, and differences in the prevalence
across subgroups), to take into account the clustering of the data at the school level, we calculated
95% confidence intervals from robust standard errors based on clustered Sandwich estimators’®2°,
Participants with a positive test result at round 1 were censored at round 2, as they are not considered
to be at risk after having already experienced the infection. Odds ratios for RT-PCR-detectable SARS-
CoV-2 infection were estimated using mixed-effect logistic regression models with random intercepts at
the participant level. In a first step, participant and school characteristics were entered in a univariable
model. Variables that were associated with RT-PCR-detectable SARS-CoV-2 infection at a significance
level of P <0.05 were, in a second step, entered concomitantly in a multivariable model. We conducted
analyses with Stata version 14.1 MP. We used two-sided statistical tests and considered P values

<0.05 as statistically significant.
Role of the funding source

The Federal Ministry of Education, Science and Research of the Republic of Austria funded the study
and supported sample selection, logistics, and assessments at the schools, but had no role in data
analysis or writing of the report. The corresponding authors had full access to all data in the study and

had final responsibility for the decision to submit for publication.

Results

Study population

The flow chart of the schools and participants involved in our study is shown in Figure 1. Of the 250
schools selected for our study, 245 schools participated (98%). At these schools, a total of 10957
participants were recruited into our study during the two rounds of examinations. After exclusion of 223

individuals without a valid gargle test result (2.0%, mostly due to transfer of insufficient volumes to the



test tubes by the school doctors), 10734 individuals were remained for further analysis.

Download figure

Open in new tab

Figure 1.
Flow-chart of the recruitment into the study.

*Mostly due to transfer of insufficient volumes to the test tubes by the school doctors.

Key characteristics of schools and participants are provided in Table 1 and Figure 2. The number of
participants was distributed equally across primary and secondary schools (Table 1). At the schools
participating in the study, the median total number of pupils was 230 (interquartile range [IQR] 147-
331), the median total number of teachers was 27 (IQR 17-43), and classes consisted — on average —
of 21 pupils (IQR 18-23) (Figure 2). Schools recruited a median of 40 pupils (IQR 29-50) and 6

teachers (IQR 5-6) into our study. On average, teachers constituted 11.8% of a school’s study sample

(IQR 10.0-14.6%).

Table I. View inline

Descriptive summary of schools and participants investigated as part of the School-SARS-CoV-2 Study.
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Figure 2.

Total no. of teachers and pupils at participating schools and no. of teachers and pupils selected to be included in the School-SARS-CoV-2
Study.

IQR denotes interquartile range. Medians and interquartile ranges included in the figure subtitles refer to the overall study sample (all
schools).

Supplementary Table 1 illustrates pairwise associations between several school characteristics.
Higher local population density was associated with a greater social deprivation index (P<0.001) and
higher average number of pupils per class (P<0.001). As expected, primary schools had smaller class

sizes than secondary schools (P<0.001).
Prevalence of RT-PCR-detectable SARS-CoV-2 infection

Table 3 presents detailed information on round 1 and 2 of our study. The first round was conducted
between 29 September 2020 and 22 October 2020 and covered 243 schools spanning across all nine
federal states of Austria and resulted in 10156 participants. The median regional 7-day incidence of
SARS-CoV-2 cases in the general population at the time of the assessments was 75 per 100.000
inhabitants (IQR 43-125). The second round was conducted between 10 and 16 November 2020,
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ending early due to the closure of schools as part of a wider lockdown in Austria employed on 17
November 2020 and resulted in 3745 participants. Round 2 therefore involved 88 schools only across
five federal states of Austria. The corresponding median regional 7-day incidence in the general
population was 419 per 100.000 inhabitants (IQR 392-641).

At round 1, 40 out of 10156 participants were tested positive, corresponding to a prevalence of 0.39%
(95% confidence interval [Cl]: 0.28-0.55%) (Table 2). At round 2, 53 additional participants out of 3745
participants were tested positive. This corresponded to a prevalence of 1.42% (95% CI 1.06-1.90%)
and was significantly higher than at round 1 (odds ratio [OR] 3.63, 95% CI 2.36-5.59, P<0.001). At
round 1, 209 schools recorded no cases of SARS-CoV-2 infection, 28 schools recorded one case, and
6 schools recorded two cases. At round 2, 52 schools recorded no cases, 23 schools recorded one

case, 9 schools recorded two cases, and 4 schools recorded three cases.

Table 2. View inline

Participant characteristics and prevalence of RT-PCR-detectable SARS-CoV-2 infection at the two rounds of examinations conducted
between 28 September and 16 November 2020 within the School-SARS-CoV-2 Study.

Association of participant and school characteristics with SARS-CoV-2 infection

Figure 3 investigated whether participant and school characteristics were associated with the odds of
being tested positive for RT-PCR-detectable SARS-CoV-2 infection. In the unadjusted model (Figure
3A), significant positive associations were detected for local population density, regional 7-day
incidence in the general population, and the social deprivation index. The ORs for RT-PCR-detectable
SARS-CoV-2 infection were 2.29 for schools located in regions with >500 vs. <500 inhabitants per km?
(95% CI 1.26-4.17, P=0.007), 1.69 for a two-fold higher regional 7-day incidence (95% CI 1.42-2.00,
P<0.001), and 2.71 in pupils at schools with a high or very high social deprivation index compared to
their counterparts (95% CI 1.68-4.39, P<0.001).
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Figure 3.

Odds ratios for RT-PCR-detectable SARS-CoV-2 infection at the two rounds of examinations according to participant and school
characteristics in an unadjusted model (Panel A) and a multivariable adjusted model (Panel B).

Cl denotes confidence interval, OR odds ratio, and RT-PCR real-time polymerase chain reaction. The analysis involved data from round |
and 2 of the School-SARS-CoV-2 Study. Odds ratios were estimated using mixed-effect logistic regression models with random
intercepts at the participant level. 95% confidence intervals were calculated from robust standard errors estimated from clustered
Sandwich estimators. Variables that were associated with RT-PCR-detectable SARS-CoV-2 infection at a significant level of <0.05 in the
unadjusted model (Panel A) were included in the multivariable adjusted model (Panel B).

In the multivariable adjusted model involving these three parameters (Figure 3B), only regional 7-day
incidence in the general population and the social deprivation index retained statistical significance,
with ORs of 1.66 (95% CI 1.38-1.99, P<0.001) and 2.05 (95% CI 1.23-3.42, P=0.006), respectively.
There was no significant association for local population density in the multivariable adjusted model
(P=0.719).

Discussion

The present study reports on the prevalence of RT-PCR-detectable SARS-CoV-2 infection at Austrian
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schools involving a total of 245 schools and 10734 individuals. At the first round of examinations
conducted between 28 September and 22 October 2020, we detected SARS-CoV-2 infection in 0.39%
of the study participants (95% CI 0.25-0.55%). At the second round conducted between 10 and 16
November, we observed an approximately 3.6-fold higher prevalence with a point estimate of 1.42%
(95% CI 1.06-1.90%). Furthermore, among a range of participant and school characteristics, regional
7-day incidence in the general population and social deprivation emerged as relevant factors
associated with presence of RT-PCR-detectable SARS-CoV-2 infection at the participating schools.
Collectively, the study provides crucial evidence about the extent and determinants of SARS-CoV-2
infection at schools, thereby informing decision making about in-person education at Austrian schools

and elsewhere in upcoming months.

To which extent children are inflicted by SARS-CoV-2 and to which extent opening or closing of
schools impacts the dynamics of the SARS-CoV-2 pandemic is much debated.’* One aspect of this
debate concerns the occurrence of SARS-CoV-2 infection in children compared to adults. In our study,
we detected SARS-CoV-2 infection in 1.42% (95% CI 1.06-1.90%) of study participants at the second
round of examinations (10-16 November). This prevalence was somewhat less than the screen-
detected prevalence of 2.12% in adults, which was observed by a different nationwide population-
based study?' conducted at a similar time frame (12-14 November, 48 out of 2263 tests positive based
on nasopharyngeal swabs). A crude comparison of the two studies yields a prevalence ratio of 0.67
(95% CI 0.45-0.98, P=0.039), although one should interpret this ratio with caution due to different
testing methods (e.g. gargling vs. nasopharyngeal swabs, sample pooling only used in the school

study) and potential selection biases (e.g. participation rate 28.9% in the latter study?).

This prevalence ratio is consistent with several population-based studies that investigated
seroprevalence of antibodies to SARS-CoV-2 across the age spectrum.?? For instance, the
seroepidemiological study in Spain ENE-COVID reported a continuous rise in seropositivity from the
youngest age groups (1.1% <1 yr, 2.1% 1-4 yrs, 3.1% 5-9 yrs, 4.0% 10-14 yrs) into adulthood with a
plateau at around 6% at 45 years of age or older.® Differences by age were also observed in regional
seroprevalence studies in Switzerland (SEROCoV-POP Study®) and Austria (Ischgl Study’). While
these differences may stem from lower susceptibility to SARS-CoV-2 in children (e.g. due to reduced
ACE2 expression in the nasal epithelium?®2%), they could also arise from reduced exposure (e.g. due
to school closures) or a milder clinical course of the infection coupled with a distinct immune response
characterised by absence of anti-nucleocapsid IgG antibodies?>. Furthermore, in light of changing
policies on school-based preventive measures and potential seasonal variation, prevalence estimates
of SARS-CoV-2 infection in children may be highly volatile. For instance, the latest round of the UK-
based REACT-1 study® reported that prevalence in children aged 5-17 years had increased sharply

from mid-September to December 2020 and had surpassed the prevalence observed in adults, with



similar time trends reported by the UK Office of National Statistics.®

Our study has identified several factors associated with higher odds of a SARS-CoV-2 case in the
setting of in-person education at schools. The strongest link was observed with regional 7-day
incidence in the general population, associated with 1.66-fold odds (95% CI 1.38-1.99, P<0.001) for
each doubling of community incidence. This observation is in agreement with a Public Health England
report that regional community incidence was significantly associated with the risk of COVID-19
outbreaks at schools.® Our study crucially extends the existing evidence to the months in autumn and
to a markedly higher community incidence (median 7-day incidence 114 vs. ~6 per 100.000). Another
important factor associated with higher odds of SARS-CoV-2 cases was social deprivation. While this
finding highlights the need for additional carefully-targeted support of affected children, the underlying
mechanisms remain to be determined. These likely go beyond school-related factors and may include
less self-isolation and physical distancing,?® cramped living conditions,?® and lack of possibilities for
parents to work from home, also coupled with challenges in taking care of a sick child. Of note,
ecological analyses in the US?” and Germany?® have previously shown that deprived areas are
disproportionately affected by SARS-CoV-2. It is also noteworthy that we detected no significant
differences in SARS-CoV-2 prevalence between primary vs. secondary schools, smaller vs. larger

class sizes, pupils vs. teachers, and females vs. males, nor according to the participants’ age.

Another key aspect in assessing the role of schools in the SARS-CoV-2 pandemic is the infectiousness
of children. It is well established that symptomatic children have viral nucleic acids in their nasopharynx
at levels comparable with adults.?®*° SARS-CoV-2 viruses from children can be cultured in vitro,
suggesting that transmission from them is plausible.®' Actual infectiousness is investigated best in
contact tracing studies conducted within schools and/or households. Some of these studies indicate
that children may be somewhat less infectious than adults.” Analyses based on notifications of SARS-
CoV-2 cases showed low transmission rates in Ireland before school closures®? and in Australian
schools operating at reduced physical attendance®?, but these analyses did not include
asymptomatically infected children. In Germany, after reopening of schools, health authorities identified
2.2 outbreaks per week with four cases per outbreak on average.®* In England, outbreak analyses
largely based on symptomatic cases showed that staff members were more frequently the seeding
case in schools than students.'® In Austria, health authorities linked 4.3% of the SARS-CoV-2
infections recorded between 5 October and 15 November 2020 with a traceable source of infection
(42%) to educational settings®®, but it should be kept in mind that infected children are often
asymptomatic and that children as contact persons were not systematically tested. A large-scale
household study in South Korea suggested infected children aged 6-11 years were less contagious
than infected older children that were even more contagious than adults.®® It is important to stress that

these reduced transmission rates have been observed against the backdrop of extensive preventive



measures implemented in schools, including reduced class sizes, staggered time tables, frequent
ventilation, wearing of masks, and staying home even with minimal symptoms.? In contrast, a report
from a US summer camp illustrated the potential efficient spread in children even if they were younger
than 10 years.?’ After a 10-day camp involving various indoor and outdoor activities, including singing
and cheering, a staggering attack rate of 44% was observed among 597 participants and 51% of the
children <10 years were infected. Consistent with this observation, a prospective household study from

the US reported substantial transmission also when the index case was a child.®®

The study we presented herein has several major strengths. It evaluated prevalence of SARS-CoV-2
detection at a time during which in-person education at school was in place nationwide (for pupils in
grade 1-8). Furthermore, it involved a large-scale sample of schools across Austria, thereby enhancing
generalisability of our findings. It also has several limitations. Prevalence of SARS-CoV-2 infections
detected in this study likely underestimate the true burden, since symptomatic individuals (pupils and
teachers) or those retained in quarantine were not present at the time of testing. Also, the second
repeat assessment of study participants was incomplete due to the decision of the Austrian
government to close schools for in-person learning on 17 November 2020. We anticipate restarting

repeated screening of the cohort mid-January and continue assessments until the end of June.

In conclusion, in a large-scale study involving 245 schools in Austria, prevalence of RT-PCR detected
SARS-CoV-2 increased from 0.39% to 1.42% within a period of one month. Higher community
incidence (quantified as the 7-day incidence in the school district) and social deprivation were
associated with higher odds of SARS-CoV-2 at the schools. By determining SARS-CoV-2 prevalence
and identifying potential contributing factors, our study provides evidence relevant to the decision

making about in-person education at Austrian schools and elsewhere.
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R Households with single parents are also considered as socially deprived in other contexts.
For infection rates, it might be of benefit if there is no second adult that could bring
infections to the family. It was a pity if the effect was not taken into account. | also do not
know if the social deprivation was evaluated for each individual child and its infection risks,
or just for the schools and the aggregat of their pupils overall.
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Household size (number of siblings) was not taken into account?

If | understand correctly, the multi-variant analysis showed that population density has
negligible, insignificant effect on its own, and what was perceived to be a density effect in
the separate statistics for each veriable was just the result of positive correlation between

social deprivation and density?

It might be meaningful to perform multi-variable statistical tests once again for local
prevalence, social deprivation and each of the other influences as third (possibly)

independent variable.

Population density was just used as a digital property (less or above 500 /km2) in the multi-

variable modeling, not the exact figure?

As the density in built-up areas almost always exceeds 500 /km2 by far, it would appear to
be more meaningful to distinguish at a higher cut-off level, for example >5000 /km2, which is
more representative for multi-story housing. That will aso be representative for more
extensive use of public transportation in the area other than for ways to school. It could also
be plausible that quite low density leads to higher risk (due to longer distances to school
spent in busses), and also high density, but medium density is associated with lower risks.
The regional incidence seems to be taken into account with a logarithmic relation; | wonder if

results would look different for a linear analysis.
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