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Detailed discussion of studies on rapid point-of-care tests

In the instructions for the SARS-CoV-2 Rapid Antigen Test of the company SD Biosensor from
South Korea, distributed by Roche, studies performed in Brazil and India report a sensitivity of 96.52%
and a specificity of 99.68%. However, positive test results would not exclude co-infections with other
pathogens. Consequently, if co-infection with influenza A were to be present, the contribution of the
single pathogen to any symptomatology could not be inferred. Positive test results would not
differentiate between SARS-CoV-2 and SARS-CoV-1.

The SARS-CoV-2 Rapid Antigen Test from Hotgen is reported to have a sensitivity of 95.37%
and a specificity of 99.13% on n = 223 samples, without giving a citation for the investigation in the
package insert. However, there was a very high prevalence of 48.4% positive SARS-CoV-2 PCR test
results in this sample.

The SD Biosensor test was compared using a supervised self-collected nasal mid-turbinate
(NMT) versus a professional-collected nasopharyngeal (NP) swab [1]. Of the 289 participants at a



university hospital testing centre, only 39 (13.5%) tested positive for SARS-CoV-2 by RT-PCR
although 97.6% showed symptoms that would have been consistent with COVID-19. NMT sampling
showed a sensitivity of 74.4% (95% CI 58.9-85.4%) and a specificity of 99.2% (95% CI 97.1-99.8%)
compared with RT-PCR. The sensitivity of NP sampling was 79.5% (95% CI 64.5-89.2%) and the
specificity was 99.6% (95% CI 97.8-100%).

The Panbio™ coronavirus disease 2019 (COVID-19) Ag Rapid Test Device (PanbioRT)
(Abbott Diagnostic GmbH, Jena, Germany) was evaluated for its performance criteria in a pre-
selected sample of suspected COVID-19 cases in ten Spanish university hospitals [2]. Samples from
a total of n = 958 patients were collected and analyzed by trained professionals. Of these, 359 (37.5%)
were positive in RT-PCR. The sensitivity was 90.5% and the specificity was 98.8%.

Three lateral flow assays (RIDA®QUICK SARS-CoV-2 Antigen (R-Biopharm), SARS-CoV-2
Rapid Antigen Test (Roche)), and NADAL® COVID-19 Ag Test (Nal von Minden GmbH,
Regensburg, Germany) and a microfluidic immunofluorescence assay (SARS-CoV-2 Ag Test
(LumiraDx GmbH, Cologne, Germany)) were tested on 100 clinical samples, 74 of which tested
positive in RT-PCR using ORF1 as the target gene. Sensitivity varied between 24.3% and 50%.
Specificity was reported between 96.2% and 100%. Only 51.6% of the SARS-CoV-2 PCR test
positive samples were infectious in the cell cultures [3].

In two university hospitals in Munich, the SARS-CoV-2 Rapid Antigen Test of SD Biosensor
from South Korea, distributed by Roche, and the SD Biosensor Standard F COVID-19 Ag FIA (FIA)
were tested [4]. The test was carried out by laboratory personnel. A sensitivity of 50.3% and a
specificity of 97.7% was determined for the former and a sensitivity of 45.4% and a specificity of
97.8% for the FIA. The median Ct value of the SARS-CoV-2 PCR test for the positive rapid antigen
tests was 23.8 and that of the negative rapid antigen tests was 33.8-34.0, which again underlines the
importance of standardizing the SARS-CoV-2 PCR test and establishing a cut-off value for the
clinical relevance of the Ct value. The sensitivities of the rapid antigen tests examined were again
significantly lower than the values stated by the manufacturers. Consequently, the tests detect
individuals with a high viral load. The positive predictive value (PPV), i.e. the probability of actually
being SARS-CoV-2 positive with a positive test result, was only about 2%. False positives lead to
unnecessary quarantine measures and cause emotional distress. The authors express concern that in
their sample about 40% of SARS-CoV-2 PCR test positives patients would have received a negative
result, whereby the lack of a gold standard for the SARS-CoV-2 PCR test and the high Ct values
must also be taken into account. The authors argue against mass use by laypersons as in their opinion
the disadvantages would outweigh the advantages [4].

Cerutti et al. collected the quality criteria on patients in an emergency room and on travelers
returning home [5]. Unfortunately, some terms are not correctly interpreted or presented by the
authors. Moreover, the values presented are surprising, in part unrealistically high compared to the
other studies reviewed: sensitivity 87.4%, specificity 100%, positive predictive value 70.6%,
negative predictive value 100%. Figure 1 of the publication shows that with the rapid antigen test,
some people with Ct values >25 in the PCR test were tested positive. According to further studies,
these have such a low viral load that they are to be classified as non-infectious. This shows the
pseudo-validation in the existing studies in that both test methods identify people as false positive.
This results in corresponding negative individual, social and health policy implications, yet this is
considered a good match.
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Corman et al. compared 7 different rapid antigen tests [6]. This study is not really comparable
with the currently cited ones as it was a case-control design and used stored samples from
symptomatic patients resulting in specificities of 88.24% to 100%. Self-testing was performed in 35
healthy individuals with specificities ranging from 82.86% to 100%. It is inferred that rapid antigen
tests are capable of reliably detecting COVID-19 disease within the first week. Screening
asymptomatic individuals to show the absence of the virus is more difficult. It should be noted that
patients with a high viral load will have corresponding symptoms and appropriate differential
diagnostics should be carried out for them.

The investigation of three antigen rapid tests performed in the outpatient setting by
professionals (Bioeasy 2019-nCoV Ag Fluorescence Rapid Test Kit, COVID-19 Ag Respi-Strip by
Coris Bioconcept, STANDARD Q COVID-19 Ag Test by SD Biosensor) yielded different quality
criteria [7]. A total of n = 2417 individuals were involved in the study, including at its drive-in test
station and an outpatient test facility, of whom n = 70 (2.9%) had a positive SARS-CoV-2 PCR test
result. It further states that of these only n = 30 (42.9%) had Ct values <25 and consequently a
suitably high viral load to be considered infectious. This in turn has implications for a test to be
validated on such a trial [8], as it raises the question of the clinical relevance of test results. The SD
Biosensor rapid antigen test had a sensitivity of 76.6% and a specificity of 99.3%, the Bioeasy test
had a sensitivity of 66.7% and a specificity of 93.1%, and the Coris test had a sensitivity of 50% and
a specificity of 95.8%. The authors report that false positives were followed up and they concluded
that there were unknown cross-reactions. This again highlights the importance of differential
diagnosis. The authors conclude that the rapid antigen tests can identify people with high viral loads,
but that more research is needed on their implementation.

The study by Scohy et al. [9] highlights the problem of validating the rapid antigen tests on the
SARS-CoV-2 PCR test . A low sensitivity of 30.2% is criticized. The sensitivity of the rapid antigen
test would drop significantly if low viral loads were present at Ct values above 30. This is
understandable, since people with such high Ct values are not to be regarded as infectious. The
methodological error here is that the SARS-CoV-2 PCR test is used as the gold standard and thus it
is assumed that results with such a high Ct value are to be classified as positive cases, which the
rapid antigen test then has to find. This is to be regarded as theoretically and substantially erroneous.

In a public place in San Francisco, USA, a total of n = 878 individuals were tested by a
laboratory worker in each case with the BinaxNOWTM Abbott COVID-19 Ag card and with a RT-
PCR test [10]. Within this sample, 3% tested positive with the RT-PCR test. The authors describe
that they evaluated the tests on the first day of the study according to the manufacturer’s criteria.
According to the published data this showed a sensitivity of 71.4%, a specificity of 95.7%, a positive
predictive value of 35.7% and a negative predictive value of 99%. After changing the reading criteria
for a positive result, together with the RT-PCR test definition of a Ct value <30 for a positive result,
a sensitivity of 93.3% and a specificity of 99.9% were then reported.

The Lumipulse® Antigen Test was investigated in two samples with regard to its quality
criteria [11]. The first sample consisted of n = 226 selected persons with suspected SARS-CoV-2
infection, the second sample of n = 1778 unselected persons from schools, prisons, nursing
homes and hospitals. Individuals with Ct values >35 in the SARS-CoV-2 PCR test were
considered test negative. In the selective sample, the prevalence was 42%, the sensitivity was
92.6%, and the specificity was 90.8%. In the screening sample, the prevalence was 5.2%, the
sensitivity was 100%, the specificity 94.8%. Despite the problematic specificities, the authors
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advocate the use of the test in mass testing and justify this with the high sensitivities and the high
negative predictive values [11] (p 395).

Other international studies that examined samples collected and analyzed by professionals at
relatively high prevalences achieved specificities in the range of 99.9-100% under these fairly ideal
conditions [12-14].

Detailed calculations from the introduction

The results for asymptomatic patients (sensitivity 58.1%, specificity 98.9%) from the Cochrane
review [15] are used. Applied to a sequential mass testing strategy with a prevalence of 0.5%, there
are 10,945 false positive test results (Figure S1). The positive predictive value is 20.97%, which
means that 20.97% of those who test positive are actually positive for SARS-CoV-2. The negative
predictive value (NPV) is 99.79%, which means that 99.79% of the individuals for whom a negative
test result is indicated are actually considered negative for SARS-CoV-2.

Cochrane

Well
995 000
True positive False negative False positive True negative
2905 2095 10 945 984 055

Sensitivity 58.1%
Specificity 98.9%

Figure S1. Simulation calculation for average quality criteria of asymptomatic patients in
the Cochrane review [15] with sequential testing strategy and a prevalence of 0.5%.

If the 13,850 people identified as positive (2905 true positives + 10,945 false positives) are now
retested with a SARS-CoV-2 PCR test (sensitivity 99.7%, specificity 98.6%) a prevalence of 20.97%
is assumed as this is the pre-test probability to the extent of the PPV. Under these assumptions, 153
would still be false positives who would be wrongfully quarantined. The additional rapid antigen
tests would increase the 7-day incidence by (2897 + 153)/831.9 = 3.67/100,000 (Figure S2).
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Cochrane
PCR-Posttesting

13 850 A
tested positive per week

“

| |

False positive True negative
153 10 791

| l

True positive False negative
2897 9

Sensitivity 99.7%
Specificity 98.6%

FigureS2. Simulation calculation for PCR post-testing of positive test results of
asymptomatic people from the Cochrane review [15] from Figure A3 with a pre-test
probability of 20.98%.

A third example are the results of mass testing at two universities in Wisconsin [16]. A
sensitivity of 41.2% and a specificity of 98.4% were reported. Applied to a sequential mass
testing strategy with a prevalence of 0.5%, there are 15,920 false positive test results (Figure S3).
The positive predictive value is 11.46%, which means that 11.46% people who test positive are
actually positive for SARS-CoV-2. The negative predictive value (NPV) is 99.70%, which means
that 99.70% of those who test negative are actually considered negative for SARS-CoV-2.

University of Wisconsin

1000 000 J
tested perweek

|

Well
995 000
True positive False negative False positive True negative
2060 2940 15 920 979 080

Sensitivity 41.2%
Specificity 98.4%

Figure S3. Simulation calculation for the University of Wisconsin data [16] with
sequential testing strategy and prevalence of 0.5%.
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If the 17,980 individuals identified as positive (2060 true positives + 15,920 false positives) are now
retested with a SARS-CoV-2 PCR test (sensitivity 99.7%, specificity 98.6%), a prevalence of 11.46% is
assumed, since this is the pre-test probability in the range of the PPV. Based on these hypotheses there
would still be 223 false positives who would be unjustly sent to quarantine. The additional rapid antigen
tests would increase the 7-day incidence by (2054 + 223)/831.9 = 2.74/100,000 (Figure S4).

University of Wisconsin
PCR-Posttesting

|

True negative
15 697

l

False positive
223

J |

True positive False negative
2054 6

Sensitivity 99.7%
Specificity 98.6%

Figure S4. Simulation calculation for PCR post-testing of positive test results using the
University of Wisconsin Figure S3 data with a pre-test probability of 11.46%.

The fourth example uses the values in the information document of the Robert Koch Institute
(RKI) [17]. A sensitivity of 80% and a specificity of 98% are given. Applied to a sequential mass
testing strategy with a prevalence of 0.5%, 19,900 false positive test results are obtained (Figure S5).
The positive predictive value is 16.74%, which means that 16.74% of persons who test positive are
actually positive for SARS-CoV-2. The negative predictive value (NPV) is 99.90%, which means
that 99.90% of those who test negative are actually considered negative for SARS-CoV-2.
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RKI

1 000 000 A
tested perweek

“

| | l |

True positive False negative False positive True negative
4000 1000 19 900 975 100

Sensitivity 80.0%
Specificity 98.0%

Figure S5. Simulation calculation for the data from the RKI information document [17]
with a sequential testing strategy and prevalence of 0.5%.

If the 23,900 people identified as positive (4000 true positives + 19,900 false positives) are
now retested with a SARS-CoV-2 PCR test (sensitivity 99.7%, specificity 98.6%), a prevalence of
16.74% is assumed, as this is the pre-test probability at the level of the PPV. Based on these
assumptions there would still be 279 individuals as false positives who would be unjustifiably
quarantined. The additional rapid anti-gene tests would increase the 7-day incidence by (3989 +
279)/831.9 = 5.13/100,000 (Figure S6).

RKI
PCR-Posttesting

23 900 A
‘tested positive

Well

19 900

T

True positive False negative False positive True negative
3989 12 279 19 621
Sensitivity 99.7%
Specificity 98.6%

Figure S6. Simulation calculation for the data from the RKI information document from
Figure S5 with a pre-test probability of 16.74%.
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Finally, a previous maximum calculation is to be made using the contingent data for self-tests
from the German Federal Ministry of Health [18]. A sensitivity of 80% and a specificity of 98% are
given. Applied to a sequential mass testing strategy with a prevalence of 0.5%, there are 328,350
false positive test results (Figure S7). The positive predictive value is 16.74%, which means that
16.74% who test positive are actually positive for SARS-CoV-2. The negative predictive value (NPV)
is 99.94%, which means that 99.94% of the individuals who test negative are actually considered
negative for SARS-CoV-2.

German Ministry of Health
Quota March/April

Sick

£\

True positive False negative False positive True negative
66 000 16 500 328 350 16 089 150

Sensitivity 80.0%
Specificity 98.0%

Figure S7. Simulation calculation for the contingent data of the Federal Ministry of
Health [18] with sequential testing strategy and prevalence of 0.5%.

If the 394,350 persons identified as positive (66,000 true positives + 328,350 false positives) are
now retested with a SARS-CoV-2 PCR test (sensitivity 99.7%, specificity 98.6%), a prevalence of
16.74% is assumed as this is the pre-test probability in the scope of the PPV. Under these conditions
there would still be 4597 false positives who would be unjustifiably sent to quarantine. This
illustrates that an increasing absolute number of tests results in an increasing absolute number of
false positive test results. The additional rapid antigen tests would increase the 7-day incidence by
(65,816 + 4597)/831.9 = 84.64/100,000 (Figure S8).
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German Ministry of Health
PCR-Posttesting

e e

|

p

True positive False negative Fake positive True negative
65 816 198 4597 323 739

Sensitivity 99.7%
Specificity 98.6%

Figure S8. Simulation calculation for the contingent data of the Federal Ministry of
Health from Figure S7 with a pre-test probability of 16.74%.

Additional calculations

An earlier review [19] found a sensitivity of 64.8% and a specificity of 98.0%. Applied to a
sequential mass testing strategy with a prevalence of 0.5%, there are 19,900 false positive test results
(Figure S9). The positive predictive value (PPV) is 14.00%, which means that 14.00% of persons who
test positive are actually positive for SARS-CoV-2. The negative predictive value (NPV) is 99.82%,
which means that 99.82% of the people who show a negative test result are actually considered
negative for SARS-CoV-2. If the 23,140 people identified as positive (3240 true positives + 19,900
false positives) are now retested with a SARS-CoV-2 PCR test (sensitivity 99.7%, specificity 98.6%), a
prevalence of 14.00% is assumed, as this is the pre-test probability to the extent of the PPV. Under
these assumptions, 279 individuals would still result as false positives who would be wrongly sent to
quarantine. The additional rapid antigen tests would increase the 7-day incidence by 4.22/100,000
(Figure S10).
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Review Ricco et al. (2020)

1 000 000 4
tested perweek.

=

True positive False negative False positive True negative
3240 1760 19 900 975 100

Sensitivity 64.8%
Specificity 98.0%

Figure S9. Simulation calculation for average quality criteria in a previous review [19]
with sequential testing strategy and prevalence of 0.5%.

Review Ricco et al. (2020)
PCR-Posttesting

True positive False negative False positive True negative
3230 10 279 19 622

Sensitivity 99.7%
Specificity 98.6%

Figure S10. Simulation calculation for PCR post-testing of positive test results from a
previous review [19] from Figure S9 with a pre-test probability of 14.00%.

Mass testing was conducted in a public square in San Francisco [10]. According to the original

manufacturer’s criteria, a sensitivity of 71.4%, and a specificity of 95.7% resulted. Applied to a
sequential mass testing strategy with a prevalence of 0.5%, there are 42,785 false positive test results
(Figure S11). The positive predictive value is 7.70%, which means that 7.70% of persons who test
positive are actually positive for SARS-CoV-2. The negative predictive value (NPV) is 99.85%, which
means that 99.85% of the people for whom a negative test result is indicated are actually considered
negative for SARS-CoV-2. If the 46,355 people identified as positive (3570 true positives + 42,785
false positives) are now retested with a SARS-CoV-2 PCR test (sensitivity 99.7%, specificity 98.6%), a
prevalence of 7.70% is assumed, as this is the pre-test probability at the level of the PPV. Under these
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conditions, there would still be 599 false positives who would be wrongly quarantined. The additional
rapid antigen tests would increase the 7-day incidence by 5.00/100,000 (Figure S12).

San Francisco

1 000 000 4
tested perweek

Well
995 000
True positive False negative False positive True negative
3570 1430 42 785 952 215

Sensitivity 71.4%
Specificity 95.7%

Figure S11. Simulation calculation for the public testing data in San Francisco [10] with
sequential testing strategy and prevalence of 0.5%.

San Francisco
PCR-Posttesting

46 355 4
tested positive:

Sick
3570

True positive False negative False positive True negative
3559 11 599 42 186
A o o A

Sensitivity 99.7%
Specificity 98.6%

Figure S12. Simulation calculation for PCR post-testing of positive test results with the
public testing data in San Francisco [10] from Figure S11 with a pre-test probability of
7.70%.

The Lumipulse® antigen test was recommended by the authors for mass testing [11] and will
therefore be examined more closely in simulation calculations. A sensitivity of 100.0% and a specificity
of 94.8% were given. Applied to a sequential mass testing strategy with a prevalence of 0.5%, 51,740
false positive test results are obtained (Figure S13). The positive predictive value is 8.81%, which means
that 8.81% of persons who test positive are actually positive for SARS-CoV-2. The negative predictive
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value (NPV) is 100.0%, which means that 100.0% of the people who show a negative test result are
actually considered negative for SARS-CoV-2. If the 56,740 people identified as positive (5000 true
positives + 51,740 false positives) are now retested with a SARS-CoV-2 PCR test (sensitivity 99.7%,
specificity 98.6%), a prevalence of 8.81% is assumed as this is the pre-test probability to the extent of the
PPV. Under these conditions, there would still be 724 false positives who would be wrongly quarantined.
The additional rapid antigen tests would increase the 7-day incidence by 6.86/100,000 (Figure S14).

Lumipulse

1000 000 4
tested perweek:

I

True positive False negative False positive True negative
5000 0 51740 943 260

Sensitivity 100.0%
Specificity 94.8%

Figure S13. Simulation calculation for the data of the Lumipulse® antigen test [11] with
sequential test strategy and prevalence of 0.5%.

Lumipulse
PCR-Posttesting

‘tested positive

Sick Well
4999 51741

T

True positive False negative False positive True negative
4984 15 724 51017

Sensitivity 99.7%
Specificity 98.6%

Figure S14. Simulation calculation for the PCR post-testing of the positive test results
with the data of the Lumipulse® Antigen Test [11] from Figure S13 with a pre-test
probability of 8.81%.
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