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Abstract

Background: School testing for severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was implemented in some countries to monitor and prevent SARS-CoV-2 transmis-
sions. Here, we analyze infection chains in primary schools and household members of
infected students based on systematic real-time reverse-transcriptase polymerase-chain-
reaction (rRT-PCR)–gargle pool testing.
Methods: Students and school staff (N= 4300) of all 38 primary schools in the rural county of
Cham, Germany, were tested twice per week with a gargle pool rRT-PCR system from April to
July of 2021. Infection chains of all 8 positive cases identified by school testing were followed up.
Results: In total, 8 positive cases were found by gargle pool PCR testing based on 96,764 school
tests. While no transmissions occurred in the school setting, 20 of 27 household members of the
8 cases tested positive. The overall attack rate was 74.1% in families.
Conclusions: No school outbreaks occurred during the study period. All cases but 1 were
initially picked up by school testing. No transmission from school to families was observed.

The coronavirus disease 2019 (COVID-19) pandemic led to a considerable disruption of regular
school operations in many countries, which impaired the development and quality of life of
many children. To maintain safe school operations, corona testing has become a helpful tool
in addition to existing hygiene concepts.1 With real-time reverse-transcriptase polymerase-
chain-reaction (rRT-PCR) tests, the gold standard in diagnosing SARS-CoV-2, infections
can be detected quickly and with much higher sensitivity than antigen tests.2

We and others have shown that regular and systemic pool rRT-PCR testing, using gargle
fluid is a sensitive, efficient, and inexpensive alternative to antigen-test for monitoring of
SARS-CoV-2 infections and at the same time, significantly reduces the risk of transmission
if high participation rate is achieved.3–5 Here, we evaluate if such a sensitive rRT-PCR based
test concept can pick up infections when brought into schools and disrupt infection chains
even before infections can spread in the school setting. Thus, we concomitantly analyzed
infections in the school and private setting based on a large number of school-based tests
in a Bavarian County in which school children aged 6-10 and school staff participated in large
numbers in the WICOVIR (Where Is the COrona VIRus) project between April and July
of 2021.

Methods

Study Setup

The study took place from April 12, 2021, until July 31, 2021, in Cham County, a large rural
county with 128,094 inhabitants as previously described.1 All 38 primary schools in the county
participated, with approximately 4300 students (ages 6-10 y) and teachers and staff testing twice
per week in 215 pools (Figure 1). Teachers and staff made up approximately 5% of all tested
individuals. During the study, mitigation strategies for all Bavarian schools included the
mandatory use of FFP2 masks for teachers and surgical masks for students, keeping distance,
washing hands frequently, and increasing fresh air circulation in classrooms.

The WICOVIR project was approved by the ethics committee of the University of
Regensburg (file number 21-2240_2-101). Participants and parents of minors were asked for
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consent. All study procedures and protocols are available online
(www.we-care.de/wicovir), have been published,1 and are summa-
rized in online Supplementary Materials 1.

Wicovir Gargle Pool rRT-PCR Testing in Schools

In brief, all children with written parental consent gargled with tap
water at home before coming to school and pooled their samples in
schools. Sample pools, which mostly consisted of 1 class and their
respective teacher (and staff), were transported to the laboratories,
where they were analyzed within the same day with rRT-PCR.
First, NOVOGENIA GmBH (Eugendorf, Austria) tested the pools;
from June 4, 2021, pools were tested in the Regensburg laboratory
as previously described.1 In the case of a positive result, pools were
always depooled in the Regensburg laboratory, usually within the
same day, and results were immediately transmitted to the public
health office in Cham.1 For the few children and teachers who did
not participate in the study, an alternative antigen test was man-
datory to attend school.

Contact Tracing

The family of an index person was contacted no later than the fol-
lowing morning after the positive test result by the Cham public
health office. Data on viral load (Ct-values), symptoms, duration
of symptoms, risk factors, and any hospitalization within the fam-
ily were collected in aWeb-based software (XIMA® FORMCYCLE,
Dresden, Germany).

Detailed information on all index and contact persons could
only be collected on residents of Cham County, because the public
health office is only authorized to contact and trace permanent res-
idents of that county. For residents outside the county, only basic
information was available. Records of the public health office were
analyzed for further positive test results of all inhabitants of Cham
County in the age range of school testing participants.

Results

Pool rRT-PCR testing was performed fromApril 12, 2021, until the
end of the school year on July 31, 2021, in 38 schools with a total of

4300 students, teachers, and staff, of which a maximum of 3860
participated in any single test round. In total, 96,764 test samples
were pooled and analyzed in the study period in the county on 47
test days, cumulating in 6115 pool rRT-PCRs and 94 single PCRs
for depooling. In total, 9 positive pools contained 11 individual
positive samples. Of these, 2 individual test results were ambiguous
and individual retesting revealed that children were negative (tech-
nical error). A further 2 positive samples resulted from children
who previously had COVID-19 and were still shedding virus par-
ticles and participated in pool testing despite being instructed to
refrain from testing for 3 mo. The remaining 7 individual
SARS-CoV-2 positive cases were all students and did not cluster
in a specific school but were from 6 different schools throughout
the county.

In another case, a student was identified as a contact person due
to a positive family member 1 d after participating in the (negative)
pool testing and tested positive at the local test center (Ct- value
25,2/26,6). The student’s backup sample from the negative pool
testing was still available and individual rRT-PCR of that sample
revealed Ct-values of 36 and 38 (for bothmeasured genes), which is
just beyond the detection limit of the WICOVIR rRT-PCR gargle
pool system. This student was also included in the transmission
analysis.

To exclude that other infections were missed by school pool
testing, records of the public health office were analyzed for further
(mandatory) reports of positive test results of inhabitants of Cham
County in the age range of participants of the school testing. Some
additional children were tested positive at the local test center or
the pediatricians’ or physicians’ office during the study period,
but all these children were contact persons to a known case and
were in quarantine; thus, they did not attend school during their
infectious period and could not be tested in pool testing. They were
not relevant for this study and, therefore, not included.

Overall, there were 35 persons involved in the 8 cases we report:
8 students and 27 household members of whom 20 were tested
positive subsequently (Figure 2). In all these cases (except case
8), the student who tested positive in the school was the first case
detected in their household. For the 24 household members who
lived in Cham County, detailed data could be collected for this

Figure 1. Timeline of the positive pools in Cham County. Development of reported cases in Cham County over the study period and pool-PCR tested positive students and their
positive household members.
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study (Supplementary Materials 2). The 3 people who resided out-
side Cham district were grandparents, whom the families visited
for a minimum of 2 d before the infection; therefore, they were
handled like household members (student 3 and student 5).
This constitutes an attack rate of 74.1%. See also Supplementary
Materials 2 for details. In contrast to the high attack rate within
the family, no additional positive cases were detected in the schools
(secondary attack rate of 0%). Therefore, we could exclude the
schools as the likely source of the infections.

Direction of transmission within the household was independ-
ently assessed by 3 reviewers (medical officer, pediatrician, hygiene
expert) based on the timing of positive tests and CT values as well
as occurrence of symptoms (Supplementary 2; Figure 2). There was
strong agreement in 2 cases that the student was the primary case
and transmitted SARS-CoV-2 to the family (cases 2 and 5). In cases
4, 7, and 8, there was strong agreement that students were infected
by other family members. In cases 1 and 3, transmission of infec-
tion could not be determined, and it remains unclear who was the
first infected person within the household. In case 6, the student
did most likely not infect his/her fully vaccinated parent, but this
could not be proven as testing of vaccinated contact persons was
not mandatory at the time and, thus, could not be performed.

Discussion

The WICOVIR school testing identified all SARS-CoV-2 positive
children in the county in a timely manner when infection rates in
the county were around 200 cases per wk per 100,000 inhabitants.
During the surveillance time, there were no transmissions within
the schools observed.

The setting of this study was unique in that all primary schools
in an individual county participated at the same time, and all fur-
ther data records for SARS-CoV-2 infections in the county were
available. The analysis revealed no infections were missed by the

gargle pool rRT-PCR system, except 1 case as described above.
No false positive tests occurred. How much more inferior antigen
tests perform in the early detection of cases has previously been
reported.5

We and others argue, that a highly sensitive test system is the
prerequisite to avoid outbreaks in schools as the timing for isola-
tion is crucial.5–7 Here, the isolation process was optimized through
close collaboration between the test center and the public health
office, from the day after the pooling at the beginning of the project
to the same afternoon as the pool testing after week 10 of the
project. Due to the fast isolation of cases with high CT values
and a low viral load, further quarantine of contact persons in
the schools could be avoided and still no follow-up infections were
observed.

With our comprehensive data base, we investigated the pos-
sible route and direction of SARS-CoV-2 transmission
(Figure 2; Supplementary Materials 2). While schools could
be excluded as a source of transfection, it was not always clear
who brought the infection into the family. In 3 cases, it seems
most likely that a student may have been infected outside the
school and outside the family, transmitting the infection to
the family. However, it also could not be excluded that other
(adult) family members were the source of the infection in
the family, as shown in previous studies from the first SARS-
CoV-2 wave in spring of 2020.8

To protect schools from uncontrolled SARS-CoV-2 transmis-
sions, pool PCR screening was recommended to be implemented
at a low initial incidence, at much lower incidence rates as reported
here, as the effects of pool PCR screening were suspected to lose
power as incidence increases.9 However, we found that the protec-
tive effect of the screening does not only depend on incidence but
also on the logistics of the testing setup. New, more contagious var-
iants lead to decreased incubation times, higher infection rates, and
higher incidence, which can be countered by more frequent testing

Figure 2. Direction of transmission within the household. The infection rings include all persons (n= 35) within the household including the ones (n= 3) who do not reside in
Cham County.
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combined with faster communication of results and implementa-
tion of isolation.10

One could argue that conclusions about transmission are only
based on 8 cases in a low incidence window of the pandemic.
Indeed, this is a limitation in the analysis and interpretation. On
the other hand, transmission can only be studied properly in times
of low incidence as cryptic sources of infection can widely be
excluded. However, the drawback for this is that many screenings
have to be performed to identify 1 positive case early (eg, >15,000
tests in our setting). Early identification is needed to follow trans-
mission prospectively, as it was possible in 7 of 8 cases. Also, the
resolution of transmission is limited by the study setting. A PCR
test for all family members on the same day as the student (and
in the same laboratory) would have been ideal but was logistically
not possible.

With regular and sensitive school pool PCR testing, infectious
students can be identified early enough to avoid infection within
the school setting, based on data from the B.1.1.7. variant. The out-
comes and feasibility of this pilot study contributed to the decision
of the Bavarian government to implement a PCR pool test concept
for all Bavarian primary schools for the school year 2021/2022.
However, as infections outside the schools are common and
new variants increase the speed of transmission, school test
systems cannot keep schools free of infections but can only slow
down transmissions at best. In the end, testing cannot replace
immunization.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/dmp.2022.279
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