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Background: Universal admission screening for SARS-CoV-2 in children and their caregivers (CG) is critical to
prevent hospital outbreaks. We evaluated pooled SARS-CoV-2 antigen tests (AG) to identify infectious indi-
viduals while waiting for polymerase chain reaction (PCR) test results.
Methods: This single-center study was performed from November 5, 2020 to March 1, 2021. Nasal mid-turbi-
nate and oropharyngeal swabbing for AG and PCR testing was performed in children with 2 individual swabs
that were simultaneously inserted. Nasopharyngeal swabs were obtained from their CG. AG swabs were
pooled in a single extraction buffer tube and PCR swabs in a single viral medium. Results from an adult popu-
lation were used for comparison, as no pooled testing was performed.
Results: During the study period, 710 asymptomatic children and their CG were admitted. Pooled AG sensi-
tivity and specificity was 75% and 99.4% respectively for detection of infectious individuals. Four false nega-
tives were observed, though 3 out of 4 false negative child-CG pairs were not considered infectious at
admission. Unpooled AG testing in an adult population showed a comparable sensitivity and specificity of
50% and 99.7%. AG performed significantly better in samples with lower Ct values in the corresponding PCR
(32.3 vs 21, P-value < .001).
Conclusions: Pooled SARS-CoV-2 AGs are an effective method to identify potentially contagious individuals
prior admission, without adding additional strain to the child.
© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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INTRODUCTION

Preventing coronavirus disease 2019 (COVID-19) outbreaks in
hospital settings is critical. The paucity of specific symptoms or
signs of COVID-19 in children makes sole symptom-based screening
challenging. Since transmission can occur even in pre- or
asymptomatic individuals, universal admission screening for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in all
patients is mandatory in Germany.1,2 A symptom-based COVID-19
testing strategy failed to identify nearly half of all hospitalized chil-
dren infected by SARS-CoV-2 in a French multicenter cohort.3 In a
pediatric emergency department, isolation pending the polymerase
chain reaction (PCR) result (up to 24 hours) is only feasible for a lim-
ited number of patients. So, only symptomatic patients are isolated
due to having a higher pre-test-probability of infection. Rapid lat-
eral-flow SARS-CoV-2 antigen tests (AG) are fast, simple, and cheap,
but less sensitive than PCR tests which are considered the gold stan-
dard.4 PCR tests on the other hand are usually performed in central-
ized labs and therefore the method drives down frequency and
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speed of testing. Combining the best of both worlds would conse-
quently be the optimal screening strategy prior to the admission of
asymptomatic children and their caregivers (CG). Performing multi-
ple tests on children (eg, antigen testing followed by PCR testing)
can be traumatic. Moreover, parallel testing in children and their CG
drives up costs, as 2 AG and 2 PCR tests would be needed for every
admission to the children’s hospital.

To reduce the number of traumatic practices in children and to
save resources, we implemented a procedure of pooled AG and PCR
testing in asymptomatic children and their CG prior admission.
Simultaneous swabbing for AG and PCR tests allows testing without
additional strain to the child and the pooled approach reduces costs.
The goal of this study was to evaluate this test strategy as a universal
screening method in a pediatric emergency department.

METHODS

Study population

The study was performed in Stuttgart, Germany, a city with a pop-
ulation of around 635,000 people, of whom 94,000 are <18 years of
age. The Klinikum Stuttgart is a tertiary care hospital, with a sepa-
rated pediatric and adult emergency department.

This single-center study included all patients and their accompa-
nying CG admitted to the children’s hospital, after visiting the pediat-
ric emergency department from November 5, 2020 to March 1, 2021,
who showed no symptoms of SARS-CoV-2 (fever, upper or lower
respiratory tract symptoms, GI-symptoms, myalgia, headache, anos-
mia) for at least 48 hours, and had no history of known contact to
SARS-CoV-2 in 14 days prior admission. An adult population
(≥18 years of age) from the neighboring adult emergency department
was included for comparison, because there testing was performed
without pooling of AG. All adults without symptoms suggestive of
COVID-19 (see above), visiting the adult emergency department from
October 15, 2020 to November 7, 2020 were included. Testing in
these individuals was performed prior admission to the hospital.

The study period started right at peak of the second wave in Stutt-
garty, Germany with a 7-day incidence rate of 182 per 100,000 on
November 5, 2020. By the end of the study period the valley between
the second and third wave was reached, with a 7-day incidence rate
of 50 per 100,000 on March 1, 2021.

SARS-CoV-2 RT-PCR and antigen testing

The SARS-CoV-2 Rapid Antigen Test by SD Biosensor (SD BioSen-
sor Inc., Suwon, South Korea), distributed by Roche (Roche Diagnos-
tics, Mannheim, Germany) in Germany, was used for antigen testing.
The RT-PCR was performed on one of the following systems: Xpert
Xpress SARS-CoV-2; Cepheid (Cepheid Inc. Sunnyvale), RealStar
SARS-CoV-2 RT-PCR Kit 1.0; Altona Diagnostics (altona diagnostics,
Hamburg, Germany) measuring on LightCycler 480, Roche or cobas
SARS-CoV-2; cobas 6800; Roche.

In children, AG and RT-PCR testing was performed simultaneously
with 2 individual swabs. Both swabs were first inserted into the
mouth and the back wall of the oropharynx was swabbed. The same
swabs were then used to perform a mid-turbinate nasal swab. The
original swab from the antigen test is then put into the extraction
buffer tube. The swab for the RT-PCR was collected in Copan Univer-
sal Transport Medium (Copan, Murietta). For testing of the accompa-
nying CG, the swabs were not carried out simultaneously. For antigen
testing, a nasopharyngeal swab was performed, according to manu-
facturer instructions. The swab was put in the same extraction buffer
tube as the swab from the child. For RT-PCR testing, an oropharyngeal
as well as nasopharyngeal swab was performed. The swab was
pooled in the same virus transport medium as the swab from the
child. In case of a positive pooled RT-PCR result, individual swabbing
of the child and their CG was performed as soon as the result of the
pooled test was available.

The same sampling technique was applied in the adult emergency
department, as was done for the adult CG in the pediatric emergency
department, though no pooling of swabs was performed.

Ethics

The study was approved by the local ethics committee (vote 119/
2021BO2), with waiver of informed consent due to the retrospective
and anonymized approach.

Statistical analysis

Continuous data were expressed as mean and standard deviation
(SD), while categorical variables are reported as number (n), percent-
age (%) and 95% confidence interval (CI). Statistical differences
between Ct values of negative or positive antigen tests were deter-
mined using Student’s t-test. Reported P-values are 2-tailed, with P ≤
.05 being considered statistically significant. SPSS (SPSS 24, SPSS Inc.,
Armonk NY) was used for statistical analysis.

RESULTS

During the study period, 710 asymptomatic children and their CG
were admitted and tested via the pediatric emergency department.
Detection rates in asymptomatic individuals of pooled AG and PCR
were 0.99% (7/703) each. Four false positive as well as 4 false nega-
tives were observed with AG (Table 1). AG sensitivity, specificity, pos-
itive and negative predictive value were as follows: 42.9% (95% CI
9.9%-81.6%), 99.4% (98.6%-99.8%), 42.9% (17%-73.3%), 99.4% (98.9%-
99.7%). Accuracy of the test was 98.9% with moderate agreement
between tests (Cohen’s k = 0.42, 95% CI 0.096-0.75). Three out of 4
pooled false negative AG test results were considered not infectious
at admission but represented past SARS-CoV-2 infection (Table 2). In
one instance, pooled PCR tests showed Ct values above 30, not con-
sidered infectious. Unpooling revealed a positive PCR with Ct values
above 30 in the CG, while the child had a negative result. Medical his-
tory revealed that the mother had COVID-19 at childbirth, which was
25 days prior testing. In a second case, pooled PCR tests also showed
Ct values above 30. Unpooling revealed a negative PCR in the child
and a PCR with Ct values above 30 in the CG. The whole family had
COVID-19 8 weeks prior testing. In the third instance, the pooled PCR
showed Ct values above 30, while unpooling showed negative PCR
results in the child, as well as the CG. In only 1 case with a false-nega-
tive AG, the pooled PCR, as well as unpooled PCRs showed Ct values
below 30, compatible with active SARS-CoV-2 infection. Adjusting
pooled AG test performance for detection of infectious individuals
(ie, PCR samples with Ct values ≤30 considered infectious) gives the
following results: Sensitivity 75% (95% CI 19.4-99.4), specificity 99.4%
(98.6-99.9), negative predictive value 99.9% (99.2-100), positive pre-
dictive value 42.9% (19.5-69.9). The accuracy of the test was 99.3%,
also with moderate agreement between tests (Cohen’s k = 0.54, 95%
CI 0.19-0.9). A simulation of the performance of the AG assay in
dependence of disease prevalence in the pediatric population is
shown in Table 3.

Unpooled tests in an asymptomatic adult population from an
adult emergency department were analyzed for comparison. The
detection rates of AG and PCR were 2.2% (8/366) and 4.9% (18/366)
respectively. AG sensitivity, specificity, positive and negative predic-
tive value were as follows: 38.9% (95% CI 17.3%-64.3%), 99.7% (98.4%-
100%), 87.5% (47.6%-98.2%) and 96.9% (95.6%-97.9%). Accuracy of the
test in adults was 96.7% with moderate agreement between tests
(Cohen’s k = 0.52, 95% CI 0.29-0.76). When only considering



Table 2
Detailed description of all cases in the pediatric emergency department, where the pooled antigen tests were either true or false positive or false negative

Pooled Antigen Pooled PCR PCR Child PCR CG Classification Comment

1 Positive Negative Not performed Not performed False positive
2 Positive Negative Not performed Not performed False positive
3 Positive Negative Negative Negative False positive
4 Positive Negative Negative Negative False positive
5 Positive Positive Positive Negative True positive
6 Positive Positive Positive Positive True positive
7 Positive Positive Negative Positive True positive
8 Negative Positive Negative Positive False negative Ct >30 in the mother. She had COVID-19 25 days prior testing
9 Negative Positive Negative Positive False negative Ct >30 in the CG. The whole family had COVID-19 8 wk prior testing
10 Negative Positive Negative Negative False negative Ct >30 in the pooled PCR
11 Negative Positive Positive Positive False negative Ct ≤30 in both child and CG

CG, care giver; Ct, cycle threshold.

Table 1
Comparison of the performance of antigen tests to RT-PCR prior admission to the hospital in asymptomatic individuals

Pediatric emergency department − Pooled testing, N = 710
Antigen negative, N Antigen positive, N Total, N

RT-PCR positive, N 4 3 7 Sensitivity 42.9% 95% CI 9.9-81.6%
RT-PCR negative, N 699 4 703 Specificity 99.4% 95% CI 98.6-99.8%

Pediatric emergency department − Pooled testing − Adjusting for infectiousness, N = 710
Antigen negative, N Antigen positive, N Total, N

RT-PCR positive with Ct ≤30, N 1 3 4 Sensitivity 75% 95% CI 19.4-99.4%
RT-PCR negative or Ct >30, N 702 4 706 Specificity 99.4% 95% CI 98.6-99.9%

Adult emergency department, N = 366
Antigen negative, N Antigen positive, N Total, N

RT-PCR positive, N 11 7 18 Sensitivity 38.9% 95% CI 17.3-64.3%
RT-PCR negative, N 347 1 348 Specificity 99.7% 95% CI 98.4-100%

Adult emergency department, Adjusting for infectiousness, N = 366
Antigen negative, N Antigen positive, N Total, N

RT-PCR positive with Ct ≤30, N 7 7 18 Sensitivity 50% 95% CI 23-77%
RT-PCR negative or Ct >30, N 351 1 348 Specificity 99.7% 95% CI 98.4-100%

Ct, cycle threshold.
NOTE. For antigen testing in the pediatric emergency department, one swab each from the child and their caregiver were pooled into a single extraction buffer tube. Antigen testing
in the adult emergency department was performed without pooling, according to the manufacturer instructions. The sensitivity and specificity for the antigen tests in comparison
to the RT-PCR were calculated. The aim of the antigen test was to identify infectious asymptomatic individuals while waiting for the RT-PCR test result. Therefore, results are shown
separated for the overall population and potentially infectious individuals. Asymptomatic individuals with a Ct value above 30 and which did not develop COVID-19 symptoms
were considered not infectious.
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individuals with Ct values below 30 as potentially infectious, AG per-
formance in comparison to PCR is as follows: Sensitivity 50% (95% CI
23%-77%), specificity 99.7% (98.4%-100%), positive predictive value
87.5%
(48%-98.2%), negative predictive value 98% (96.7%-98.8%). The accu-
racy of the test in this scenario was 97.8% with substantial agreement
between AG and PCR (Cohen’s k = 0.63, 95% CI 0.39-0.87).

In general, looking at data from the pediatric and adult emergency
department combined, mean cycle threshold (Ct) values in false
Table 3
Simulation of the positive and negative predictive value of pooled antigen testing in the pedi

COVID-19 prevalence, % Positive predictive value, %
Overall, independent on C

0.5 27.5 (9.4-58.1)
1 43.2 (17.2-73.6)
2 60.6 (29.6-84.9)
5 79.9 (52-93.6)
10 89.3 (69.6-96.8)

Based on infectious individ
0.5 40 (17.7-67.3)
1 57.2 (90.2-80.5)
2 73 (46.6-89.3)
5 87.5 (69.3-95.6)
10 93.63 (82.6-97.9)
negative cases (N = 15) were significantly higher in comparison to
cases where AG tests identified SARS-CoV-2 infections correctly
(N = 10) (32.3 [SD § 5.4] vs 21 [SD § 3.6], P-value < .001) (Fig. 1). All
samples with Ct values below 21 were correctly identified by AG.

DISCUSSION

During the ongoing COVID-19 pandemic, screening every child
and their CG for active infection with SARS-CoV-2 prior hospital
atric emergency department according to disease prevalence and infectiousness

(95% CI) Negative predictive value, % (95% CI)
t value in PCR

99.7 (99.5-99.9)
99.4 (98.9-99.7)
98.8 (97.8-99.4)
97.1 (94.6-98.4)
94 (89.2-96.8)

uals identified via AG
99.9 (99.3-100)
99.8 (98.6-100)
99.5 (97.3-99.9)
98.7 (93.3-99.8)
97.3 (86.8-99.5)



Fig 1. Boxplots showing the result of the SARS-CoV-2 antigen test in the pediatric and adult population combined, in dependence of the Ct-value of the corresponding RT-PCR. False
negative (N = 15) antigen test results are shown on the left and true positives (N = 10) on the right. Box plots show the median, as well as first and third quartiles. The whiskers show
the maximum as well as minimum values.
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admission is critical to prevent nosocomial infections. A systematic
review showed that around 15% of children and new-borns have
asymptomatic infection.5 Therefore, screening asymptomatic chil-
dren is essential for infection control in a children’s hospital. SARS-
CoV-2 RT-PCR from nasopharyngeal swabs is considered the gold
standard, but test results are often delayed for several hours or days.
To isolate every child while waiting for the PCR test results, even
without upper respiratory tract symptoms, would lead to overflow in
pediatric emergency departments. Lateral flow SARS-CoV-2 antigen
tests (AG) are cheap, easy to use and have a rapid turnaround time
and hence allow for rapid identification of infectious individuals.

In our study we show that AGs detect most asymptomatic chil-
dren and their CG with COVID-19 that are considered infectious at
the time of admission. This was possible despite pooling AG swabs
from children and their CG, which saves resources and money.

Nasopharyngeal swabs are an uncomfortable and often traumatic
experience for children. Especially the nasal passage is irritating.
Studies in adults have shown that nasal mid-turbinate or even ante-
rior nasal sampling for AGs are reliable alternatives to nasopharyn-
geal swabbing.6,7 We therefore collected nasal mid-turbinate as well
as oropharyngeal swabs from children, instead of nasopharyngeal
swabs. In our experience, this approach leads to a higher acceptance
rate in children, which is especially important in chronically ill chil-
dren, which are admitted to the hospital on a regular basis. To further
reduce the trauma of sampling for the children, we used 2 swabs
simultaneously in one passage. One swab was used for the AG, while
the other was used for the PCR analysis. Due to a child’s anatomy,
this is only possible by using thin swab such as provided with the SD
Biosensor AG.

Several studies have shown that AGs show reduced sensitivity in
asymptomatic individuals, when compared to symptomatic individ-
uals.8−11 This is also true in children.12 We show that pooled antigen
testing has a sensitivity of 43%, which is well within the expected
range according to literature. As this was a retrospective, non-inter-
ventional study, we did not have a control group, where AG testing
was performed without pooling. Studies have shown that viral loads
in nasopharyngeal samples are comparable between children and
adults.13 Though, recent studies have shown that viral loads might
be slightly lower in very young children, but is probably not of clini-
cal relevance.14 Therefore, we compared the results to asymptomatic
adults visiting the adult emergency department, where AG testing
was performed according to manufacturer instructions via unpooled
nasopharyngeal swabbing. Sensitivity of the AG in asymptomatic
adults was 38.9%, which is comparable to the results from the pedi-
atric emergency department population. Although both cohorts are
not directly comparable, we cautiously conclude that pooling of AG
test swabs led to no dramatic decrease in diagnostic sensitivity. We
would not recommend using pooled AG tests as a sole screening
test for asymptomatic individuals, especially in a low disease preva-
lence setting. The performance of a test not only depends on test
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related sensitivity and specificity, but also on local endemicity of the
disease. Especially if an individual with a positive AG test has a low
likelihood of disease (eg, asymptomatic or fully vaccinated individu-
als, low prevalence setting), a confirmatory nucleic acid amplifica-
tion test should follow.15 Though, they add an additional layer of
protection by identifying most infectious but asymptomatic child
and CG pairs at the time of hospital admission. Thus, they contribute
significantly to COVID-19 control measures. False negative results
are not uncommon with AG, but many such samples had PCR Ct val-
ues above 30, indicating low viral RNA counts, which falls in line
with published literature.16−18 Consequently, many such individuals
were identified after the infectious period has passed. The cut-off of
Ct value < 30 as a marker for contagiousness was arbitrarily applied.
The biggest benefit of AG in a pediatric emergency department lies
in the rapid identification of highly contagious individuals while
waiting for the PCR test results. Ct values are not directly compara-
ble between assays, but the Robert Koch Institute, Germany's
national Public Health Institute, used a Ct value cut-off of 30 as a
guidance in the past.19 Other studies saw no viral growth already in
samples with a Ct value above 24, whilst others not till Ct values
above 33.20,21 Our study has several limitations. Only a small num-
ber of patients had SARS-CoV-2 infection, limiting the robustness of
data. We are not able to answer the question whether pooling the
AG test between the child and their CG reduced sensitivity. Because
of the observational design, no control group was available. Compar-
ison to an adult population without pooled antigen tests was used
as a proxy, but the different sampling technique (mid-
turbinate + oropharyngeal vs nasopharyngeal) and the different
populations (children vs adults) allowed no direct comparison.
Recent studies show that viral loads in children tend to be slightly
lower compared to adults.14 This is partly explained by smaller
swab sizes, but further complicates the comparison of both groups.

Our study shows that pooled antigen tests for SARS-CoV-2 of
asymptomatic children and their CG inserts an additional layer of
protection prior admission in a pediatric emergency department,
while waiting for PCR test results. Simultaneous nasal mid-turbinate
swabbing for the antigen and PCR test adds no additional strain to
the child and pooling swabs from the child and their CG in a single
AG keeps additional costs low.
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