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Summary
Background Over the past year, there has been a sig-
nificant increase in rapid antigen test (RAT) detection
of SARS-CoV-2 COVID-19. Antigen detection is usu-
ally inferior to real-time reverse transcription poly-
merase chain reaction (RT-PCR) in terms of sensitivity
and specificity. The aim of this study was to evalu-
ate a RAT for specificity and sensitivity in an asymp-
tomatic collective.
Methods The study was carried out in January 2021at
a hospital located in a district with a 7-day index
and an average of more than 100 cases per 100,000
inhabitants. COVID-19 patients are treated at this
hospital. All employees with symptoms typical of
COVID-19 were not allowed to go to work. We used
RAT by Roche® (Roche Diagnostics GmbH, D-68305
Mannheim) and RT-PCR on our employees. The test-
ing was done voluntarily. We performed RT-PCR and
RAT using two swab tubes at the same time.
Results We could correlate 919 RAT to 919 RT-PCR
tests. 12 people tested positive in RAT. All 12 tests
were validated by RT-PCR. There was not one incor-
rect positive result in RAT. In one person COVID-19
was not detected by RAT, but then positively iden-
tified with a RT-PCR. In the group of positive RAT,
the mean cycle threshold (CT) value was 19.95. Our
results showed a sensitivity of 92.3%, CI (confidence
interval) [0.78; 1.00] and a specificity of 100.00% CI
[1.0; 1.0].
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Conclusion RAT can be an important tool for screen-
ing for SARS-CoV-2 COVID-19at the point of care.
With low cost and resource needs, high specificity,
and high specificity, RAT are performed best during
the early stages of SARS-CoV-2 COVID-19, when the
viral loads are high.
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Background

The coronavirus disease 2019 (COVID-19) pandemic,
caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), emerged in China in late 2019
from a zoonotic source [1]. According to the John
Hopkins University, on May 2, 2021, over 152,303,832
global cases and more than 3,194,837 global deaths
were recorded. The ongoing SARS-CoV-2 pandemic
challenged public health systems worldwide [2–4].

The gold standard for SARS-CoV-2 detection is
based on real-time reverse transcription polymerase
chain reaction (RT-PCR) [2]. The RT-PCR has high
sensitivity and specificity [2] but requires at least
4 h [5]. Also, RT-PCR is a laboratory-based proce-
dure that requires equipment and trained personnel,
as well as logistics for sample shipment and results
communication [5]. There was an increase in the
demand for RT-PCR diagnostics worldwide [2]. This
led to supply bottlenecks and a significant delay in
the test results [6]. Therefore, rapid and accurate tests
for SARS-CoV-2 screening are essential to expedite
disease prevention and control, as well as screen-
ing [5, 7]. According to Chaimayo et al., lateral flow
immunoassays using monoclonal anti-SARS-CoV-2
antibodies, which target SARS-CoV-2 antigens, can
be complementary screening tests if their accuracy is
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comparable to that of the RT-PCR assays [5]. These
rapid antigen tests (RAT) are usually inferior in terms
of sensitivity and specificity to RT-PCR [8, 9].

According to the study by Toptan et al., it is vital to
determine the sensitivity and specificity of such tests
relative to standard RT-PCR in order to identify the
ideal circumstances in which their application would
be beneficial [2, 10]. The aim of this study was to eval-
uate the RAT by Roche® (Roche Diagnostics GmbH,
D-68305 Mannheim) for specificity and sensitivity in
an asymptomatic collective compared to the results of
RT-PCR.

Material and methods

This study was approved by ethic committee of the
Bayerischen Landesärztekammer (21002).

Clinical specimens

The study was carried out on all employees of the
Krankenhaus Agatharied, Germany, during January
2021. The hospital is located in a district which had
a 7-day index of more than 100 cases per 100,000
inhabitants. COVID-19 patients were treated at the
hospital. All employees with symptoms typical of
COVID-19 were not allowed to go to work.

Due to the national and local test strategy, we car-
ried out RAT and RT-PCR on our employees. The test-
ing was voluntary. We performed RT-PCR and RAT
using two swab tubes at the same time.

The aim of this test strategy was to identify asymp-
tomatic carriers of the virus.

Description of the tests

These tests were performed by trained healthcare
professionals using a nasopharyngeal swab collected
from each employee. The test results were determined
using the four eyes principle. As RAT, we used the
Roche® Rapid SARS COVID test. This test is a rapid
chromatographic immunoassay for the detection of
SARS-CoV-2 nucleocapsid (N) antigen in respiratory
specimens. The RAT was performed according to
the manufacturer’s instructions [11]. Results were
readable 15–30min after starting.

RT-PCR was done by Eurofins. The CE-marked
Eruofins ViroBOAR kit on a Roche qPCR instrument
was used for analysis. Analyses were carried out in
collaboration with Eurofins Genomic GmbH Ebers-
berg. Results were classified as negative when cycle
threshold (CT) values N-Gen >35 and E-Gen was not
detected, or N-Gen was not detected and E-Gen >33,
or both N-Gen and E-Gen was not detected.

Statistical analysis

Descriptive statistics were used to describe the gen-
eral information of the employees. We used mean,

standard deviation (SD), median, and range. Sensi-
tivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), and CI were calculated.
A χ2-test was used to examine associations between
categorical variables. Analyses were performed with
SPSS 22 (IBM, Armonk, NY, USA). P-values α< 0.05
were considered statistically significant.

Results

The workforce consists of 1204 employees. The mean
age of the study population was 41.5 years (range
18–66). 918 (76%) women and 286 (24%) men were
employed.

We could correlate 919 RAT to 919 RT-PCR tests (p-
value 0.92). According to RAT results, 907 samples
were negative and 12 were positive. All 12 positive
tests were validated by RT-PCR, with a mean CT value
of 19.95 (range 17.1–29.3). There was not one incorrect
positive result in RAT.

In one person SARS-CoV-2 was not detected by
RAT, but then positively identified with RT-PCR. The
CT value of this person was 32.

Our results showed a sensitivity of 92.3% (CI [0.78;
1.00]) and a specificity 100.00% (CI [1.0; 1.0]). The
positive predictive value was 1.0 (CI [1.0; 1.0]) and the
negative predictive value 0.999 (CI [0.997; 1.001]).

Discussion

Over the past year a variety of manufacturers have
developed rapid tests based on SARS-CoV-2 protein
detection in respiratory samples [12]. Two different
types of tests are currently available: fluorescence-
or chemiluminescence-based tests, which require an
evaluation device, as well as lateral flow tests for im-
mediate visual evaluation on site [12]. We used a lat-
eral flow test.

As far as we know, this is the largest study that in-
vestigates the effectiveness of RAT in an asymptomatic
collective. We see the RAT as a suitable method as
part of the screening examination for SARS-CoV-2
COVID-19. However, RT-PCR remains the gold stan-
dard [2]. According to our results, all employees who
tested positive in the RAT were confirmed in RT-PCR.
However, one employee tested false negative in RAT
(CT 32).

The sensitivity and specificity of the RAT for rapid
detection of SARS-CoV-2 antigen reported by the
manufacturer is 97.56% (CT value 20–30), the diagnos-
tic specificity is >99.9% [13]. Our results showed less
sensitivity (92.3%) and the same specificity (100.00%)
as the manufacturer’s results.

So far, there are few data available about the per-
formance/manageability of the available antigen tests
in routine screening of asymptomatically infected or
presymptomatic persons [14, 15]. Centuri described
sensitivity, specificity, negative, and positive predic-
tive values of 70.6%, 100%, 87.4%, and 100%, respec-
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tively, compared to RT-PCR [14]. However, there are
also poor results reported in the literature. Compared
with real-time RT-PCR testing, Prince-Guerra et al.
described a sensitivity of 64.2% for specimens from
symptomatic persons and 35.8% for specimens from
asymptomatic persons in RAT [15]. These results dif-
fer significantly from the information provided by the
producers and our results. However, we also suspect
a gap in patients with high CT values. For this, how-
ever, our study is too small to be able to make an exact
statement.

According to Scophyet al., the analytical perfor-
mance of RAT depends on different factors including
the viral load, the quality of the specimen, and how
it is processed [16]. In order to have a good quality
and a high level of security in the results of the tests,
we recommend having them carried out by trained
personnel.

RAT is able to identify infected individuals who are
infectious and can potentially transmit the virus [2].
However, the incubation period of COVID-19 is up to
7 days [17–20]. During this time the CT values are very
high [21], the RAT revealed a diagnostic gap. SARS-
CoV-2 viral load in the upper respiratory tract was de-
tected at a higher level soon after the onset of symp-
toms [22]. Certainly, the infectivity varies from the
first day after incubation to the 20th day [21, 23–28].
If the viral load is low (CT> 30), RT-PCR is superior to
RAT and may prove an infection a few days earlier [23,
29–34].

In our study, the RAT CT values in median were
19.95. Previous studies reported that lower CT values
are associated with higher viral culture positivity [21,
35]. Bullard et al. observed a SARS-CoV-2 Vero cell in-
fectivity only for RT-PCR CT< 24 and symptom onset
to test <8 days [21]. The highest sensitivity for RAT is
also given for CT values between 20 and 30 [13]. Thus,
a higher chance of positive antigen detection as soon
as symptoms appear can be assumed.

RAT is a useful addition to the RT-PCR testing ca-
pacity when defined requirements are fulfilled. The
test seems to have the potential to quickly detect
the possible existence of a transfer-relevant infection
during the onset of the disease, allowing (on site,
point-of-care) a first (pre-)decision about the person
in question [36]. However, the WHO is currently still
limiting the informative value of RAT. The original
quote from WHO was as follows: “with the limited
data now available, WHO does not currently recom-
mend the use of antigen-detecting rapid diagnostic
tests for patient care, although research into their
performance and potential diagnostic utility is highly
encouraged” [37].

We therefore recommend repeating the tests regu-
larly over several days in order to identify as early as
possible all asymptomatic persons in a sensitive facil-
ity, if an RT-PCR test is not available. RAT has several
advantages, such as the ease and fast achievement
of the test, the rapid answer, the lower cost, and the

non-requirement of special equipment [16]. There-
fore, these tests can be used frequently for detecting
infected individuals who are asymptomatic, presymp-
tomatic, and without known or suspected exposure
to SARS-CoV-2 [38]. We agree with Drosten’s state-
ment, “RAT can be beneficial in congregate settings,
such as a long-term care facility or a correctional facil-
ity, workplace, or a school testing its students, faculty,
and staff. RAT are likely perform best during the early
stages of COVID-19, when the viral loads are higher”
[2].
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