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Abstract: (1) Background: With vaccination and new variants of SARS-CoV-2 on the horizon, efficient
testing in schools may enable prevention of mass infection outbreaks, keeping schools safe places and
buying time until decisions on feasibility and the necessity of vaccination in children and youth are
made. We established, in the course of the WICOVIR (Where Is the COrona VIRus) study, that gargle-
based pool-PCR testing offers a feasible, efficient, and safe testing system for schools in Germany
when applied by central university laboratories. (2) Objectives: We evaluated whether this approach
can be implemented in different rural and urban settings. (3) Methods: We assessed the arrangements
required for successful implementation of the WICOVIR approach in a variety of settings in terms
of transport logistics, data transfer and pre-existing laboratory set-up, as well as the time required
to establish the set-up. (4) Results: We found that once regulatory issues have been overcome, all
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challenges pertaining to logistics, data transfer, and laboratory testing on different platforms can
be solved within one month. Pooling and depooling of samples down to the individual test result
were achievable within one working day in all settings. Local involvement of the community and
decentralized set-ups were keys for success. (5) Conclusion: The WICOVIR gargle-based pool-PCR
system is so robust and simple that it can be implemented within one month in all settings now or in
future pandemics.

Keywords: school testing; monitoring; surveillance; SARS-CoV-2; COVID-19; gargle; pool-PCR;
children; rural; urban; implementation

1. Introduction

School-based testing has become an important concept for keeping children safe at
school during the Coronavirus disease (COVID-19) pandemic, especially as provision
of vaccination to children is associated with considerable delay [1]. Antigen tests have
been used widely to test adults for severe acute respiratory virus (SARS-CoV-2), and they
have also been introduced into schools, with children performing the test themselves in
classrooms. Recent data show that antigen tests cannot reliably detect new SARS-CoV-2
infections at an early stage [2,3], and that testing in the school environment is also cumber-
some [4,5]. We and others have shown that gargle-based pool Polymerase Chain Reaction
(PCR testing can provide a safe, efficient, and cost-effective alternative, [6–9] and thus the
WICOVIR (Where Is the COrona VIRus?) study was initiated in March 2021 in the south of
Germany [10].

Previously, we had gained experience in a proof-of-concept study, which began in
the summer of 2020, of how testing of school children can be established successfully in
selected urban schools [6]. Implementation of a PCR-based test system in rural regions
was perceived as a major challenge or even obstacle for a broad, countrywide rollout. Here
we provide evidence that the WICOVIR concept, which is based on gargle-based pool
PCR testing, can be successfully implemented in a grassroots-approach in rural and urban
counties within four weeks.

2. Materials and Methods

The WICOVIR project was designed in January 2021, approved by the ethics committee
of the University of Regensburg in March 2021 (file number 21-2240_2-101), proposed to
the Bavarian State Ministry of Health in February, and funded at the end of March 2021.
All study procedures and protocols are available online (www.we-care.de/wicovir) and
have been published in detail elsewhere [10]. Here we present findings following the
implementation of the test system in four different Bavarian counties (Figure 1).

2.1. Local and Regional SARS-CoV-2 Testing Setup

For the county of Cham, Novogenia performed pool tests and the hospital laboratory
in Regensburg performed depooling. In the Novogenia GmbH laboratory in Eugen-
dorf/Salzburg, ribonucleic acid (RNA) was extracted using the MagnifiQ™ RNA buffer kit
(A&A Biotechnology, Gdansk, Poland) using an Auto-Pure96 Nucleic Acid Purification
System (Hangzhou Allsheng Instruments, Shanghai, China) according to the manufac-
turer’s protocol. Realtime (RT)-PCR-based SARS-CoV-2 RNA detection was performed
using a Quantstudio 5 Real-Time PCR System (Thermo Fischer Scientific, Waltham, MA,
USA) using the single-well dual target (open reading frame (ORF)1ab and nucleocapsid (N)
gene) Fast Track Diagnostics (FTD) SARS-CoV-2 assay using a total volume of 10 µL for the
reaction according to the manufacturer’s instructions. For depooling, samples were sent to
Regensburg once a positive pool was identified by Novogenia. Depooling was performed
as part of the study protocol either with the one-step RT-qPCR with the LightCycler®

Multiplex RNA Virus Master (target E gene) using a Light Cycler 480 II Instrument (Roche

www.we-care.de/wicovir
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Diagnostics, Mannheim, Germany) using a GeneXpert instrument (Cepheid, Sunnyvale,
CA, USA).
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Figure 1. Map of participating counties of Eastern Bavaria and location of test centers. Map of participating counties of 
Bavaria. A zoom-in of the county of Cham exemplifies test-center and school locations and organization of routes in sectors 
for collecting samples. For Cham, pools were transported to the test center in Eugendorf near Salzburg, Austria, and for 
depooling to the test center in Regensburg, Bavaria, in the beginning of the project. In all other counties, local test centers 
were used or established within the county. 
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for collecting samples. For Cham, pools were transported to the test center in Eugendorf near Salzburg, Austria, and for
depooling to the test center in Regensburg, Bavaria, in the beginning of the project. In all other counties, local test centers
were used or established within the county.

For the county of Schwandorf, the Kneissler laboratory in Burglengenfeld performed
pool testing and depooling. RNA was extracted using the foodproof Magnetic Preparation
Kit VI (Biotecon, Potsdam, Germany) using either an AutoPure96 Nucleic Acid Purification
System (Hangzhou Allsheng Instruments, Shanghai, China) or a RoboPrep96 (Biotecon,
Potsdam, Germany), according to the manufacturer’s instructions. The RT-PCR was
performed using the SARS-CoV-2 Complete Kit (Kylt, Emstek, Germany) using either a
LightCycler96 (Roche, Basel, Switzerland), Stratagene Mx3005p (Agilent Technologies,
Santa Clara, CA, USA) or an AriaMx Cycler (Agilent Technologies, Santa Clara, CA, USA),
according to the manufacturer’s instructions. The detection was based on a single well,
dual target assay, which detects the N- and S-genes of the SARS-CoV-2 virus.

For Tirschenreuth county, the Scheiber laboratory, located within the county in Wald-
sassen, performed pool-PCR and depoooling. RNA was extracted using the EchoLUTION
Viral RNA/DNA Swab Kit (BioECHO, Cologne, Germany) according to the manufacturer’s
protocol. RT-PCR-based SARS-CoV-2-RNA detection was performed using a CXF 96 or
CFX Opus 96 (BioRad, Munich, Germany) using the VirQ Rapid SARS-CoV-2 kit, targeting
the RNA-dependent RNA polymerase (RdRP) and envelope (E)genes (BAG Diagnostics,
Lich, Germany) in a total volume of 20 µL according to the manufacturer’s instruction.

For the city of Nuremberg, the DATEV laboratory, located in the city itself, per-
formed pool-PCR and depooling. Sputolysis of the pooled samples was achieved by
addition of ascorbic acid to produce a final concentration of 62.5 mM (Roth, Karlsruhe,
Germany). Afterwards, an 18 µL aliquot of the pool was mixed with 2 µL of TCEP (Tris(2-
carboxyethyl)phosphine hydrochloride (25 mM, Sigma-Aldrich, Munich, Germany)) and
heated at 95 ◦C for 5 min. 2 µL of the inactivated sample were added to the PCR reac-
tion mix (10 µL of 2 × Luna Probe One-Step Reaction Mix (New England Biolabs (NEB),
Frankfurt/Main, Germany), 1 µL of 20 × Luna Warm Start RT Enzyme Mix (NEB), 1.5 µL
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Primer/Probe Set (Integrated DNA Technologies), 0.5 µL UDG (NEB), and 5 µL RNase-free
H20). The samples were then transferred into a MIC PCR Cycler (Biozym Scientific GmbH,
Hess. Oldendorf, Germany), running the RT-PCR program of 55 ◦C for 15 min, followed
by 95 ◦C for 2 min, and finishing with 45 cycles of 95 ◦C for 10 s and 55 ◦C for 45 s.

For all locations except Regensburg, depooling was not necessary during the reported
period of time but would have been performed according to the standard operating
procedures of established, clinically accredited routine laboratories, determined by the
respective public health officers.

2.2. Ring Experiments

To investigate whether existing equipment and test-setups in each laboratory could all
be used successfully for detection of positive gargle-based pools and provide comparable
results, a ring experiment with blinded samples of predetermined positive and negative
gargle-based pool samples was designed. Samples were delivered to the laboratories 24 h
after a positive pool was initially detected, and ring testing sample work-up and PCR were
performed 48 h after gargling in all laboratories on the same day.

2.3. Data Management

Commercial and routine laboratories in this study used internationally recognized
standards such as Health Level 7 (HL7) and lab data transfer (LDT) as well as custom
comma separated value (CSV) tables for data transfer. The WICOVIR software was imple-
mented in Javascript (frontend) and typescript (backend), respectively. Data were stored
on a PostgreSQL relational database management system. The database and application
were hosted at an ISO27001 certified data center in Germany. Encrypted back-ups were
generated several times per day and stored off-site in a separate data center of another
host provider in Germany. A general data protection regulation (GDPR)-compliant data
protection concept was implemented and approved by the data protection officer in charge.

3. Results
3.1. General Study Set-Up, Logistics, and Laboratory Testing

After receiving ethical approval, a positive funding decision, clearance of data protec-
tion issues, and the approval of the Ministry of Education to perform tests in the schools
within this project, we established a website to enable broad communication of study-
related issues to the public. We also set up weekly webinars for the heads of the school to
transfer information necessary for implementation of the testing program in local schools in
an efficient and timely manner. Beyond the initial study areas in Regensburg and Erlangen,
three counties and one city area decided to participate in the early phase of the project
(Table 1).

For these counties and city, we offered local events to promote the study procedures
to school directors and local authorities on-site. In the rural counties, a regional organi-
zational team, which usually included the school board, the local health officer, and the
county authority), was established in a timely manner. Our central study team supported
the regional teams in the ordering of equipment and training of teachers. Local teams
organized transport of samples from schools to the laboratories involved. Participating
laboratories adapted study procedures to their pre-existing, standard set-up and performed
confirmation tests (Table 2).
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Table 1. Characteristics of the four study regions.

County/City Name Cham Schwandorf Tirschenreuth Nuremberg

Inhabitants * 128.094 148.477 71.696 515.543
County/City area * 1.527 km2 1.458 km2 1.084 km2 186 km2

Set-up
Decision to participate 14.03.21 23.03.2021 07.05.2021 08.03.2021

First regular test 12.04.21 03.05.2021 10.05.2021 15.04.2021
Schools

Number of schools 38 4 8 13

Forms of schools All primary schools
Selection of schools

from among all
school forms

Selection of schools
from among all

school forms
All interested schools

Laboratories

Name Novogenia/
Regensburg Kneissler Scheiber DATEV

Location outside county within county within county within city
Result summary **

Weekly pools (approx.) 430 36 200 225
Participants (approx.) 4300 800 2300 2100

Positive individual
tests 6 0 0 0

* from https://www.statistikdaten.bayern.de/genesis/online, last assessed 26 September 2021; ** as of 23 July 2021.

Table 2. Peripheral laboratories and test procedures in participating laboratories.

Test Steps: Novogenia/
Cham

Kneissler/
Schwandorf

Scheiber/
Tirschenreuth

DATEV/
Nuremberg

Sputolysis ascorbic acid ascorbic acid _ ascorbic acid

RNA isolation
MagnifiQ RNA buffer

kit (A&A
Biotechnology)

Foodproof magnetic
preparation Kit VI

(Biotecon)

EchoLUTION Viral
RNA/DNA Swab

(BioECHO)

Lysis: TCEP
(Tris(2-carboxyethyl)

phos-phine
hydrochloride

qPCR master mix FTD™ SARS-CoV-2
(Siemens Healthineers)

SARS-CoV-2 Complete
Kit (Kylt)

VirQ Rapid
SARS-CoV-2 (BAG

Diagnostics)

2× Luna Probe
One-Step Reaction Mix

(NEB)

Targeted genes N gene and ORF1ab
region of SARS-CoV-2

N gene and S gene of
SARS-CoV-2

RdRP gene and E gene
of SARS-CoV-2

N1 region of the N
gene of SARS-CoV-2

Extraction control equine arteritis virus
(EAV) human ß-actin gene RNase P RNase P

PCR cycler Quantstudio 5 (Thermo
Fischer Scientific)

LightCycler96 (Roche),
Stratagene Mx3005p

(Agilent Technologies),
AriaMx (Agilent

Technologies)

CFX 96 (BioRad), CFX
Opus 96 (BioRad)

MIC Magnetic
Induction Cycler

(Biozym)

Confirmation
method

Initial assay already
targets 2 genes

Initial assay already
targets 2 genes

Initial assay already
targets 2 genes

N1 and N2 regions of
the N gene of
SARS-CoV-2

Despite differences in the set-ups, all laboratories were able to detect positive and
negative gargle-based pool samples in ring experiments correctly, although the CT values
differed (Table 3).

https://www.statistikdaten.bayern.de/genesis/online
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Table 3. Results of ring experiments in participating laboratories.

Blinded
Sample

Regensburg/
Cham *

Kneissler/
Schwandorf

Scheiber/
Tirschenreuth

DATEV/
City of

Nuremberg

Positive gargle
sample Results test1

Positive
CT values:

N2 gene: 31.64
ORF1b gene: 31.59

Positive
CT value:

N gene: 39.3

Positive
CT values:

E gene: 35.01
RdRP gene: 35.12

Positive
CT value:

N1 gene:33.62

Negative gargle
sample negative negative negative negative

Positive gargle
sample Results test2

Positive
CT values:

N2 gene: 32.36
ORF1b gene: 31.9

Positive
CT values:

N gene: 34.87
S gene:33.14

Positive
CT values:

E gene: 33.6
RdRP gene: 36.7

Positive
CT value:

N1 gene: 35.18

Negative gargle
sample negative negative negative negative

* Novogenia was no longer performing tests in the project at the time of the ring experiments. CT: cycle threshold.

3.2. IT Solutions for Data Transfer

Meanwhile, the IT team implemented four different ways of transfering laboratory
results into the WICOVIR software electronically, according to the needs of the individual
participating laboratories (Figure 2).

First, we implemented an easy to use and flexible data entry system, which allowed
manual individual data entry. Furthermore, data exchange using a file exchange protocol
based on CSV files was created. In this scenario, the laboratory software would periodically
check for the presence of a request file on the WICOVIR server. Once found, the request
file is downloaded and parsed and the file itself contains the sample IDs corresponding
to the test pools requested. In turn, the laboratory software then uploads the results files
to the WICOVIR server, where they are parsed and the values stored to the database. For
laboratories that support standardized solutions, such as HL7 or LDT, this data transfer
approach was provided. The standardized nature of these formats and protocols helped
in the rapid development of these interfaces. However, the need to address the details
of each interface and the complexity of these standards diminished to some extent the
initial advantage offered. Overall, implementation of four separate interfaces was, however,
successfully accomplished by a small team, and a fully operational state was achieved
within four weeks, in close collaboration with IT staff from the individual laboratories.

3.3. Implementation in Different Rural Settings

On 14 March 2021, the Eastern Bavarian County of Cham (128.094 inhabitants as of
31.12.2020, 1.527 km2), which had a seven-day incidence exceeding 200 COVID-19 cases
per 100.000 inhabitants at the time, decided to participate in the project. A first pilot test,
which included all children willing to participate in the primary schools of the county,
was performed successfully on 22 March 2021 with samples received by the laboratory at
9:30 a.m. and pool testing results available at 1:30 p.m. Within the following two weeks,
all necessary preparations were made for a regular testing scheme. We note that ethical
approval was granted for the inclusion of all children attending the participating schools.
After the Easter vacation, all 38 primary schools in the county participated in WICOVIR
on a regular basis (Figure 1). Samples were collected from all schools throughout the
county by drivers of the local road service teams and processed by the study team in a
laboratory of the local hospital in the county. Pools were unpacked from containers, and
1 mL of the pooled solution was transferred into a microtube (Micronic) under a laboratory
hood, then scanned into the WICOVIR software system. The workflow was established
with three workers, with one person unpacking, one pipetting, and one registering, so
that up to 220 pools were prepared for automated analysis within 75 min at Novogenia
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GmbH laboratory in Eugendorf /Salzburg and, subsequently, also in the central WICOVIR
laboratory in Regensburg.
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Pooling results were available the same evening, and in the case of a positive pool,
depooling was performed in the WICOVIR laboratory in Regensburg the next morning.
The local public health office informed the schools and families about positive results on
the evening of the test, and a quarantine was implemented until the positive individual was
identified the following morning. Within the first four weeks after implementation of the
testing program, 15,724 tests were performed, identifying three positive cases. Three weeks
into the project, testing was further extended to an additional 3000 children returning to
primary schools after lockdown, and a further three positive cases were detected.

The rural County of Tirschenreuth was a COVID-19 hotspot in the first wave of the
pandemic in Germany in the spring of 2020, and showed a high incidence of infections again
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early in the second wave in the winter of 2020–2021. However, through intensive voluntary
testing introduced early on in 2021 and strict infection protection measures, as well as the
participation in scientific evaluation of the previous breakouts, Tirschenreuth achieved
a continuously low incidence of new COVID-19 cases early in 2021. Participation in the
WICOVIR project was thus a logical next step. Overall, eight schools, with 2280 students
and teachers, participated in the project. The program was initiated on 22 April 2021, and
after clearing administrative issues and financing, regular testing started on 10 May 2021.
For testing in Tirschenreuth county, a local laboratory was available, substantially reducing
transport time to less than one hour. WICOVIR was also set up in the rural county of
Schwandorf, in which testing was implemented in a selection of primary and secondary
schools using a laboratory in the county. Due to restrictions in financing, however, only
seven schools were able to participate in the testing there.

3.4. Implementation in an Urban Setting

In the city of Nuremberg, a large company took the initiative to establish their own
testing laboratory in close cooperation with the WICOVIR Erlangen central laboratory. A
laboratory container was established on the company site for testing of employees, and
resources were donated by the company for school testing. The container was delivered to
the site on 06 April 2021. The first laboratory employees started on 12 April 2021, and after
a test phase under the supervision of the Erlangen laboratory, regular testing commenced
on 15 April 2021. Within the first three months, 1738 pools, including 18,671 individuals,
were tested. The number of schools in which testing took place increased to 16 over this
time period.

4. Discussion

After establishment of WICOVIR facilities for testing for SARS-CoV-2 infection in
schools in two large, centrally located scientific laboratories in Erlangen and Regensburg,
we show here how the WIOCIVR protocol can be successfully implemented within four
weeks in rural and urban regions with minimal effort, making use of pre-existing logistical
structures and laboratory testing facilities or by creating new regional collaborations.
Quality of testing and comparability of test results were assured through ring experiments.
A common databank structure allowed for a shared but anonymous analysis of study
results and quality control in real time. Close collaboration with public health officials on
site, the school administration, and local authorities were keys for success.

The overall technical feasibility of gargle-based pool testing in a pandemic has been
shown repeatedly [10]. In a previous feasibility study, we established that implementing
an algorithm that required participating families to remember to access a web-based app
on a regular basis, to enable selection of participants for each testing round, based on an
algorithm to maximize the probability of detecting a positive case, was a rate-limiting
step [7]. The inclusion of all pupils attending the participating schools in the WICOVIR
program, made possible by the reduction in testing costs, enabled implementation of
a successful monitoring program, in which chains of infection were broken before the
emergence of symptoms [10]. The question remained, however, whether such an approach
could be implemented outside of a clearly defined study setting, such as on a university
campus or within a small test area, and, if applicable, which resources and set-ups would
be necessary for a rapid implementation.

Overall, we found that regulatory issues were the most cumbersome and time-
consuming aspect to be overcome in the process of establishing such a test program.
Once all data protection issues were cleared centrally with the Ministry of Education, all
other steps in the implementation process on site were comparatively easy. Whenever local
authorities and school boards were convinced that pool testing offered an advantage for
schools and pupils, their support was overwhelming. Major concerns at the start were the
reliability of gargling at home, additional restraints/workload for the schools, time until
test results are communicated, and logistics (supply and transport).
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We addressed all general issues extensively in our previous publication, and we
showed that these did not depend on the region where the test system was implemented [10].
We demonstrated that the test system is safe, as it protected participating schools from
outbreaks; efficient, as it successfully led to the identification of a positive individual within
a day; and cost-effective, as it reduced the costs per tested participant to less than €1 in the
study setting. In contrast, the issues of documentation and communication of results may
be affected by the respective regional laboratory set-ups. However, our IT team developed
solutions for all situations we encountered in the participating laboratories, and these are
applicable to almost every other laboratory set-up [6,7,10]. Once the software was estab-
lished, information flow pertaining to schools, health officers, and test participants was
swift. Depooling results were always communicated to health authorities and participants
within a day. To make timely use of the test data by health officers is important in rendering
the test system successful in preventing disease spread. Rapid testing without a similarly
swift reaction of health officials to contain transmission is of no value.

Supply logistics with test equipment (plastic ware) were organized centrally to reduce
costs and guarantee the availability of plastic ware in times of material shortages and
quadrupling prices, which were relevant even in an industrialized country such as Germany.
The insufficiency of supplies emerged as a substantial limiting factor for testing, and
resource-sparing procedures are thus key to the success of such a testing system. In our
system, tubes for gargling were personalized and reused by the test participants and
laboratory procedures were designed to use a maximum of only two pipette tips per
pool sample.

Transport logistics of the gargle-based pool samples in large counties presented a
major concern at the beginning of the project. A range of solutions were developed to
solve this issue. For example, in Cham County, which is a large region, the schools were
grouped into four routes, with a driver for each. The driver picked up samples in the
morning, and the first batch was delivered to a central collection point in the county
(laboratory of the local hospital) by approximately 8:30 a.m. Pipetting could then start,
while samples from farther, more remote schools, were delivered later (Figure 1, small
graph). In Cham, drivers were recruited from the county workforce, but in other instances,
members of the families whose children attended the schools volunteered to provide this
transportation. The lengths of individual routes were limited in order to avoid delays in
the processing of the samples. Transport logistics are sensitive to external disruption such
as the traffic situation or weather conditions and require adequate human resources and
detailed planning.

At the central collection point in the laboratory of the local hospital, pool-samples
were registered in the documentation system and pipetted into matrix-tubes for automated
processing in the testing laboratory, dramatically reducing the volume for transport (by a
factor of 100-fold) and allowing a swift handling of the samples in the testing laboratory.
(As samples had already been registered in the test system, no further documentation was
required in the testing laboratory.) For this step, a laminar air flow, a vortex, a pipette, and
a documentation system (barcode scanner and laptop) were needed. On average, 200 pools
were transferred into matrix-tubes and documented within 75 min, before they were sent
on to the testing laboratory. This transfer step relies on manual work and is a rate-limiting
step in the automatization of the process.

In our opinion, having a test laboratory within the county or region offers a cru-
cial advantage, as it reduces transport time (and thus time until results are available to
participants). In addition, performing PCR testing locally was perceived by the study
team, in communication with the schools and families, to strengthen the feeling of self-
empowerment within the community in fighting the pandemic, resulting in the establish-
ment of a partnership based on trust between the test laboratory and the local community.
However, as shown in the set-up for Cham, such a local laboratory is not a prerequisite
for a successful implementation. Nonetheless, when depooling is necessary for positive
pools, long transport times may lead to the availability of depooling results only on the
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following day, which can critically delay identification of positive individuals and the
timely implementation of protective measures to break an infection chain.

We conclude that even without a local laboratory in the county, testing in schools
using the WICOVIR protocol can be achieved successfully within less than four weeks, and
logistical challenges can be overcome. With the WICOVIR setup, testing in schools is easy
to set up, reliable, and low in cost, leading to timely results which were generally available
on the same day or within a maximum of 24 h.
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