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Background: The COVID-19 pandemic has highlighted the need for rapid, cost effective and easy-to-use diagnostic
tools for SARS-CoV-2 infections that can be used in point of care settings to limit disease transmission.
Objective: We evaluated two rapid antigen immunochromatographic tests, Abbott Panbio™ COVID-19 Ag Rapid
Test (Panbio) and Zhejiang Orient Gene/Healgen Biotech Coronavirus Ag rapid test cassette (Orient gene) for
detection of infectious SARS-CoV-2.

Results: The tests were evaluated on nasopharyngeal samples taken from individuals having respiratory and/or
COVID-19 related symptoms, which had been analyzed for SARS-CoV-2 RNA using real-time PCR. In total 156
PCR-positive, and 130 (Panbio) and 176 (Orient Gene) PCR-negative samples were analyzed. Overall sensitivity
and specificity were 71.8% and 100% for Panbio and 79.5% and 74.4% for the Orient Gene test respectively. The
false positives by the Orient Gene test were verified as SARS-CoV-2 negative by in-house real-time PCR assay and
were negative for the four seasonal coronaviruses. Subgroup analysis revealed that the antigen tests had high
sensitivity for samples with Ct-values <25 (>88%) and for samples containing infectious viruses as determined
by cultivation on Vero cells, 94.1% and 97.1% for the Panbio and Orient gene tests, respectively. Furthermore,
both tests had a sensitivity of <50 picogram for nucleocapsid protein. No sample with a Ct-value >27 was shown
to contain infectious virus.

Conclusion: The results indicate that the rapid antigen tests, especially the Panbio tests may be a valuable tool to
detect contagious persons during the ongoing pandemic.

1. Introduction

The current COVID-19 pandemic has highlighted the need for rapid
diagnostics of ongoing SARS-CoV-2 infections to limit disease trans-
mission. This need has resulted in a significant burden on diagnostic
laboratories which frequently have been overwhelmed leading to large
delays in analysis and reporting [1,2]. The reverse transcription
real-time PCR (RT-qPCR) diagnostic assays used have high sensitivity
and specificity, making them gold standard for COVID-19 diagnosis [2,
3]. However, several disadvantages exist with these assays, such as cost
and time needed for perform the laboratory analysis, further delayed
due to the relatively few and often centralized facilities with capacity to
perform the tests [1]. Due to the massive diagnostic need and

importance of fast results, rapid antigen diagnostic tests (RAD) are a
promising tool to help controlling disease transmission. The RADs are
fast (20-30 min), easy to use and without requirement for specialized
laboratories or equipment and can thus be' used in point of care settings
[4]. There are now a variety of RADs available on the market. However,
it is of importance to properly validate these antigen tests before
introducing as a supportive diagnostic method. Few studies evaluating
RADs exists, yielding significant differences in sensitivity and specificity
depending on manufacturer and/or type of samples used [4-6]. A
further aspect of the current qPCR diagnostics is interpretation of the
cycle threshold (Ct) value. Due to the high sensitivity of the qPCR assays,
a very low number of virus genes can be detected, and SARS-CoV-2 RNA
can be present in different body fluids for prolonged periods of time [7].
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However, presence of virus genes does not translate into infectivity of
the person, and studies have shown RNA positive samples to be negative
for infectivity, particularly after longer time of shedding [8,9]. A pre-
vious study further observed that no respiratory samples with a
SARS-CoV-2 qPCR Ct-value >24 showed infectivity in cell-culture [10].
To curtail spread of infection it would be important to have an estimate
as to which Ct-value (SARS-CoV-2 genomic levels) indicate infectivity,
and whether the RADs, while having lower overall sensitivity compared
to qPCR, may have high sensitivity with regards to infectivity. In this
study, we have evaluated RADs by two suppliers: the Abbott Panbio™
COVID-19 Ag Rapid Test and the Zhejiang Orient Gene/Healgen Biotech
Coronavirus Ag rapid test cassette. Both RADs are immunochromato-
graphic assays detecting the SARS-CoV-2 nucleocapsid protein without
any specialized instruments. The tests were evaluated with nasopha-
ryngeal samples from SARS-CoV-2 RT-qPCR positive and SARS-CoV-2
RT-qPCR negative samples from symptomatic individuals. We further
correlated the sensitivity of the RADs to Ct values and infectivity.

2. Material and methods
2.1. Clinical samples

All samples were obtained from symptomatic individuals tested due
to suspected SARS-CoV-2 infection in Region Ostergétland, Sweden,
between October and November 2020. Samples (nasopharyngeal swabs)
were taken and dissolved in phosphate-buffered saline (PBS) or uni-
versal transport medium (Copan UTM™) and stored at +4 °C until
analysis with RT-qPCR using Abbott Real Time SARS-CoV-2 or Alinity m
SARS-CoV-2 AMP assays (Abbott, Solna, Sweden). In total 156 RT-qPCR
positive and 176 RT-qPCR negative samples were used in this study.
Samples were decoded without any possibility of back-track to the in-
dividual person. After RT-qPCR analysis, the samples were stored at 4 °C
and tested with the rapid antigen tests within 1 week (median 2 days,
range 1 to 7 days). Samples with Ct-value >40 (n = 2) were excluded
from analysis.

2.2. Rapid antigen testing

Two rapid antigen tests were used, Abbott Panbio™ COVID-19 Ag
Rapid Test and Zhejiang Orient Gene/Healgen Biotech Coronavirus Ag
rapid test cassette. Ten samples were tested simultaneously with both
antigen tests to enable a direct comparison. One drop of buffer was
added to each test stick, followed by 50uL of nasopharynx sample and
additional 2 (Orient Gene) and 3 (Panbio) drops of buffer in room
temperature, according to the manufacturer’s instructions. After 20 min
of incubation, two persons, independently of each other, read all 20 test
sticks to determine positivity or negativity. Positivity was further cate-
gorized into three strengths: “+++" where the intensity of the test band
was stronger than the control band, “++” where the test band intensity
was similar to the control band and “+” where the test band intensity
was weaker than the control band. There was no difference in obser-
vations made by the two persons. Photos were taken for documentation.

2.3. Sensitivity testing with recombinant SARS-CoV-2 nucleocapsid
protein

To test the sensitivity and detection limit of the nucleocapsid protein
(NCp), purified NCp (Nordic Biosite, Sweden, Code: OOEF01087) at a
concentration ranging between 500 ng to 5pg, with 10-fold dilutions
was tested with both kits. Each kit buffer was used for making the
dilution series. One drop of buffer was added, followed by 50uL of
sample containing the protein. Both kits were tested at the same time to
make it possible to directly compare the readings. After 20 min of in-
cubation, two persons, independently of each other, made the readings.
Photos were taken for documentation.
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2.4. Infection of Vero E6 cells

All SARS-CoV-2 PCR positive samples were cultured on Vero E6 cells.
Vero E6 cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal calf serum (FCS) and gentamy-
cin. Cells were seeded as monolayer in 48-well plates and at time of
confluency they were infected with the nasopharyngeal sample in a
biosafety level 3 (BSL3) laboratory. Before infection the cells were
washed two times with DMEM and 50uL of nasopharyngeal samples in
total volume of 350ul. DMEM supplemented with 2% FCS and genta-
mycin was added to each 48-well with cells. Samples were blind
passaged twice on Vero E6 cells for 3 days each. Cells exhibiting CPE
were further tested for presence of SARS-CoV-2 using the Panbio antigen
test and considered as SARS-CoV-2 associated CPE if positive with the
RAD. All Panbio positive CPE were also positive with the Orient gene
test.

2.5. In-house SARS-CoV-2 qPCR for verification of PCR-negativity

A subset of specimens (n = 19) yielding false positive results as
determined by Orient Gene Biotech test were analyzed again using a
qPCR assay for the RdRp gene as described with slight modifications
[11]. Briefly, RNA extraction was done using QIAamp Viral RNA Mini
Kit (Qiagen, Hilden, Germany) according to manufacturer’s in-
structions, and reverse transcription was carried out using iScript™
c¢DNA Synthesis Kit (Biorad, Solna, Sweden). The real time PCR was
performed on CFX96 (Biorad) using iTaq Universal Probes Supermix
(Biorad) with following cycling conditions: initial denaturation at 95 °C
for 3 min, followed by 45 cycles of 95 °C for 5 s and 60 °C for 30 s. The
primers (RARp_SARSr-F and RdARp_SARSr-R) and probe
(RARp_SARSr-P2) targeting the RdRp gene of SARS-CoV-2 were used
[11].

2.6. Multiplex RT-qPCR for detection of seasonal coronavirus

To test the specificity of both kits, a cell adapted strain of a human
Alphacoronavirus 229E was tested with both RADs and yielded a posi-
tive signal with Orient Gene Biotech test. This led us to investigate
whether the false positive results with Orient Gene Biotech using the
SARS-CoV-2 PCR negative nasopharyngeal samples was due to cross-
reactions with seasonal coronavirus. A subset of such samples (n = 19)
was analyzed for the 4 seasonal coronaviruses, NL63, 229E, OC43 and
HKU1, using a multiplex real-time PCR FTD HCoV (Fast Track di-
agnostics Luxembourg) on a CFX96 Touch Real-Time PCR Detection
System (Biorad), according to the manufacturer’s instructions.

2.7. Statistics

Sensitivity, specificity and Cohens Kappa with 95% confidence in-
terval (Clopper-Pearson exact test) was calculated with SPSS using RT-
qPCR results as a reference standard. Sub-analysis was made by strati-
fying by Ct-values and samples containing infectious virus as determined
by CPE in Vero E6 cells.

2.8. Ethical statement

Samples investigated were originally collected routinely from in-
dividuals seeking testing due to COVID-19 disease related symptoms.
Decoded clinical samples without person-related data and traceability,
not originally taken for research purposes, does not require ethical or
legal clearance according to the Swedish ethics review authority.

3. Results and discussion

In this study we have evaluated two RADs using clinical nasopha-
ryngeal samples previously screened for SARS-CoV-2 RNA with RT-
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Table 1
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Sensitivity and specificity comparison between SARS-CoV-2 rapid antigen tests and RT-qPCR.

Tested (n) SARS-CoV-2 qPCR Sensitivity (95% CI) Specificity (95% CI) Cohens kappa (95% CI)
Positive Negative
Panbio® 286 156 130 71.8% (64.0-78.7) 100% (97.2-100) 0.70 (0.62-0.78)
Orient Gene Biotech® 332 156 176% 79.5% (72.3-85.6) 74.4% (67.3-80.1) 0.54 (0.45-0.63)

a) 46 additional RT-qPCR negative samples were analyzed with Orient Gene Biotech rapid

antigen test.
b) Abbott Panbio™ COVID-19 Ag Rapid Test.
¢) Zhejiang Orient Gene/Healgen Biotech Coronavirus Ag rapid test cassette.

Table 2
Assay sensitivity of the rapid antigen tests in comparison to Ct-values and sample
infectivity.

Nr Sensitivity% Sample Sensitivity/
positive (n) infectivity% (n)  infectivity% (n)
Panbio 156 71.8 (112/ 41.7 (65/156) 95.4 (62/65)
156)
Ct <20 47 93.6 (44/ 68.1 (32/47) 93.8 (30/32)
47)
Ct 20-25 66 84.8 (56/ 45.5 (30/66) 100 (30/30)
66)
Ct 25-30 20 45.0 (9/20) 15.0 (3/20) 66.6 (2/3)
Ct >30 23 13.0 (3/23) 0.0
Orient Gene 156 79.5 (124/ 41.7 (65/156) 96.9 (63/65)
Biotech 156)
Ct <20 47 97.9 (46/ 68.1 (32/47) 100 (32/32)
47)
Ct 20-25 66 90.9 (60/ 45.5 (30/66) 96.7(29/30)
66)
Ct 25-30 20 55.0 (11/ 15.0 (3/20) 66.6 (2/3)
20)
Ct >30 23 30.4 (7/23) 0.0

qPCR. The samples were all collected from individuals seeking testing
due to COVID-19 related symptoms following protocols established by
the regional health authorities in region Ostergotland, Sweden. Hence, it
is likely that many of the SARS-CoV-2 negative samples contained other
respiratory infection agents, which are common during the time of
sample collection in October and November. This makes this sample set
suitable for analysis of specificity of the RADs, in contrast to using SARS-
CoV-2 negative samples from asymptomatic individuals. The overall
analytical results are shown in Table 1. The Panbio RAD detected 112 of
the 156 RT-qPCR positive samples, yielding a sensitivity of 71.8%. None
of the tested 130 RT-qPCR negative samples were positive, yielding a
specificity of 100% (Table 1). These results are similar to other studies
that have evaluated the Panbio RAD with RT-qPCR as a reference
standard [5,12]. The RAD from Orient Gene Biotech detected 124 of the
156 RT-qPCR positive samples, yielding a sensitivity of 79.5%. How-
ever, 45 of the 176 SARS-CoV-2 RT-qPCR negative samples analyzed
were false positive, yielding of specificity of 74.4%. Most of these pos-
itives exhibited a test band intensity that was weaker than the control
band intensity (4). We proceeded to re-test a subset of these (n = 35)
with the Orient Gene test, yielding 19 positives. This discrepancy be-
tween tests is likely due to the observation that most false positives
showed a weak test band intensity, which could lead to different results
between occasions due to stochastic processes, or differences in sample
storage between the two tests. This large number of false positives using
the Orient Gene RAD led us to investigate whether the samples had been
accurately diagnosed initially. We thus extracted RNA and performed an
in-house qPCR for the RdRp gene of SARS-CoV-2 on all samples that
were false positive (n = 45). All of the samples tested were negative for
SARS-CoV-2, thus confirming the initial false-positive results. The
specificity for this brand is markedly lower compared to previously re-
ported for other RAD tests [4]. Furthermore, in a recent publication, the
Orient Gene/Healgen test exhibited the lowest specificity of 7 com-
mercial RADs tested (88%), and it was found to cross-react with several

non-coronaviruses thus corroborating our findings [4]. The low speci-
ficity could partly be related to that all the samples examined in this
study were from individuals showing signs of respiratory infections, thus
increasing the likelihood of detecting cross- reactivity to other respira-
tory agents, as was also reported previously [4]. As the Orient Gene RAD
was positive for a laboratory adapted human alphacoronavirus 229E, we
investigated whether the high false positive rate could be due to cross
reactivity to seasonal coronavirus infections. We performed a multiplex
gPCR for seasonal coronavirus on a subset (n = 19) of the false positive
samples. None of the samples analyzed were positive for any of the four
seasonal coronaviruses. Thus, cross reactivity to seasonal coronavirus
cannot have been the sole reason for the false positivity rate.

We subsequently performed a subgroup analysis regarding viral load
as determined by the Ct-values from the RT-qPCR diagnostics. The
median Ct-value of the positive samples was 21.9 (range, 10.6-39.8).
This analysis showed a clear association between Ct-values and RAD
sensitivity (Table 2), with high sensitivities for both Panbio and Orient
Gene with samples having Ct-values <25, which then dropped notably
for Ct-values >25. The relatively low sensitivity in the Ct-value range
25-30, 45% and 55% for the Panbio and Orient Gene test respectively,
may be of concern, as this indicates a relatively high viral load that
might have importance for disease transmission.

We then proceeded to assess the correlation between infectivity and
RT-qPCR results. In total 65 of the 156 PCR positive (41.7%) nasopha-
ryngeal samples developed SARS-CoV-2 associated CPE in Vero E6 cells
(Table 2). As expected, the infectivity rates were strongly associated
with Ct-values, with no sample with Ct >27 developing CPE in cell
culture (Table 2). Previous studies have reported different results with
regards to which Ct-values that corresponds to infectivity, ranging from
results that are similar to what we observed (Ct-value <24), to higher
(Ct-value<34) [8,10,13]. An important limitation to Ct-values, is that
these cannot be readily compared between studies as these depend on
numerous factors from sample collection to the type of molecular di-
agnostics used. To better account for estimating sensitivity of the RADs,
we thus compared directly to infectivity as measured by cell culturing of
the same samples used for RAD testing. Most interestingly, RAD tests
correlated better with infectivity than with PCR results, with overall
sensitivities of 95.4% and 96.9% for the Panbio and Orient Gene tests,
respectively. These findings are of interest and indicate that RADs may
have high sensitivity for detecting contagious individuals. It is however
important to note that sample infectivity as determined by cell culturing
cannot be directly translated whether a person is infectious, more
studies are needed to assess this. However, several studies have pro-
posed that detection of infectious virus on cell culture are more reliable
than PCR to determine if a person is contagious [13] ([14]. When
detection limit for the NCp protein was investigated, as little as 50pg was
detected, with both RADs tested. This detection limit is in the range of
what conventional enzyme linked immunosorbent assay (ELISA) can
detect. ELISA is the standard method of protein detection [15] but which
requires experienced laboratory personnel, advanced lab equipment and
hours of analysis time.

This study has some limitations. Sample storage at +4 °C after the
initial real-time PCR analysis may have contributed to lower sensitivity
of the RADs. Most samples (~75%) were analyzed within two days of the
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PCR test, and all samples within one week. Likewise, sample storage
might have influenced the infectivity results. Both tests were however
run on the same samples simultaneously, enabling a direct comparison.
Moreover, the observed Ct cut-off of 27 for sample infectivity is lower
than that described for some other studies [8]. Different assay sensi-
tivities could impact infectivity results, and a lower sensitivity of the
infectivity assay would yield an artificially better test performance with
respect to detecting infectious viruses.

Due to sample and assay availability, the Panbio was tested on 130
negative samples whereas the Orient Gene Biotech test was tested on an
additional 46 negative samples (total 176). Analyzing the Orient Gene
specificity on only the first 130 negative samples yielded a similar
specificity as for all 176 samples, thus this likely had no major effect on
the specificity results. Other limitations include the absence of clinical
information from the tested persons due to anonymization of samples.
Similarly, no samples from asymptomatic persons were available, and
the capacity of the RADs to detect asymptomatic SARS-CoV-2 could thus
not be evaluated.

To conclude, the Panbio test showed a good sensitivity for specimens
with high viral load (Ct-value < 25) and for samples containing infec-
tious viruses as determined by CPE in cell-culture. The test further had
100% specificity even though all PCR-negative samples were taken from
individuals with respiratory and/or COVID-19 related symptoms, sug-
gesting infection with other pathogens. The Orient Gene/Healgen
Biotech test, although exhibiting a good sensitivity, exhibited a low
specificity with these samples.

Our results thus indicate that the rapid antigen tests have a high
sensitivity with regards to sample infectivity and that the Panbios RAD
may be a valuable tool for diagnosing contagious individuals and con-
trolling disease transmission in the ongoing pandemic.

Declaration of Competing Interest

Henrik Olsson and Mikael Jamtberg are Co-chief executive officers at
Noviral Sweden AB, which is a distributor the Orient Gene Biotech and
Abbott Panbio rapid antigen tests.

Acknowledgements

This study was supported with a coronavirus ALF grant (30320005)
from Region Ostergétland.

We also acknowledge Lena Serrander at Division of Clinical Micro-
biology, Linkoping University Hospital, for providing the clinical naso-
pharyngeal samples.

Journal of Clinical Virology 140 (2021) 104846

References

[1]

[2]

[3]

[4]

[5]

[6]

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

G. Guglielmi, The explosion of new coronavirus tests that could help to end the
pandemic, Nature 583 (2020) 506-509.

A. Afzal, Molecular diagnostic technologies for COVID-19: limitations and
challenges, J. Adv. Res. 26 (2020) 149-159.

Y.W. Tang, J.E. Schmitz, D.H. Persing, C.W. Stratton, Laboratory diagnosis of
COVID-19: current issues and challenges, J. Clin. Microbiol. 58 (2020).

V.M. Corman, V.C. Haage, T. Bleicker, M.L. Schmidt, B. Muehlemann,

M. Zuchowski, W.K.J. Lei, P. Tscheak, E. Moncke-Buchner, M.A. Mueller,
Comparison of Seven Commercial SARS-CoV-2 Rapid Point-of-Care Antigen Tests,
2020 medRxiv.

F. Fenollar, A. Bouam, M. Ballouche, L. Fuster, E. Prudent, P. Colson, H. Tissot-
Dupont, M. Million, M. Drancourt, D. Raoult, P.E. Fournier, Evaluation of the
Panbio Covid-19 rapid antigen detection test device for the screening of patients
with Covid-19, J. Clin. Microbiol. (2020), https://doi.org/10.1128/JCM.02589-20.
J. Dinnes, J.J. Deeks, A. Adriano, S. Berhane, C. Davenport, S. Dittrich,

D. Emperador, Y. Takwoingi, J. Cunningham, S. Beese, J. Dretzke, L. Ferrante di
Ruffano, I.M. Harris, M.J. Price, S. Taylor-Phillips, L. Hooft, M.M. Leeflang,

R. Spijker, A. Van den Bruel, C-DTAG Cochrane, Rapid, point-of-care antigen and
molecular-based tests for diagnosis of SARS-CoV-2 infection, Cochrane Database
Syst. Rev. 8 (2020). CD013705.

J. Sun, J. Xiao, R. Sun, X. Tang, C. Liang, H. Lin, L. Zeng, J. Hu, R. Yuan, P. Zhou,
J. Peng, Q. Xiong, F. Cui, Z. Liu, J. Lu, J. Tian, W. Ma, C Ke, Prolonged persistence
of SARS-CoV-2 RNA in body fluids, Emerg. Infect. Dis. 26 (2020) 1834-1838.

M. Cevik, M. Tate, O. Lloyd, A.E. Maraolo, J. Schafers, A. Ho, SARS-CoV-2, SARS-
CoV-1 and MERS-CoV viral load dynamics, duration of viral shedding and
infectiousness: a living systematic review and meta-analysis, Lancet Microbe. 2
(2020) E13-E22.

D. Mileto, A. Foschi, A. Mancon, S. Merli, F. Staurenghi, L. Pezzati, A. Rizzo,

F. Conti, F. Romeri, D. Bernacchia, R. Meroni, G. Rizzardini, M.R. Gismondo,

V. Micheli, A case of extremely prolonged viral shedding: could cell cultures be a
diagnostic tool to drive the COVID-19 patients discharge? Int. J. Infect. Dis. (2020)
https://doi.org/10.1016/j.ijid.2020.11.161.

J. Bullard, K. Dust, D. Funk, J.E. Strong, D. Alexander, L. Garnett, C. Boodman,
A. Bello, A. Hedley, Z. Schiffman, K. Doan, N. Bastien, Y. Li, P.G. Van Caeseele,
G Poliquin, Predicting infectious SARS-CoV-2 from diagnostic samples, Clin. Infect.
Dis. (2020), https://doi.org/10.1093/cid/ciaa638.

V.M. Corman, O. Landt, M. Kaiser, R. Molenkamp, A. Meijer, D.K. Chu, T. Bleicker,
S. Brunink, J. Schneider, M.L. Schmidt, D.G. Mulders, B.L. Haagmans, B. van der
Veer, S. van den Brink, L. Wijsman, G. Goderski, J.L. Romette, J. Ellis, M. Zambon,
M. Peiris, H. Goossens, C. Reusken, M.P. Koopmans, C. Drosten, Detection of 2019
novel coronavirus (2019-nCoV) by real-time RT-PCR, Euro. Surveill. (2020) 25.
M. Linares, R. Perez-Tanoira, A. Carrero, J. Romanyk, F. Perez-Garcia, P. Gomez-
Herruz, T. Arroyo, J. Cuadros, Panbio antigen rapid test is reliable to diagnose
SARS-CoV-2 infection in the first 7 days after the onset of symptoms, J. Clin. Virol.
133 (2020), 104659.

B. La Scola, M. Le Bideau, J. Andreani, V.T. Hoang, C. Grimaldier, P. Colson,

P. Gautret, D Raoult, Viral RNA load as determined by cell culture as a
management tool for discharge of SARS-CoV-2 patients from infectious disease
wards, Eur. J. Clin. Microbiol. Infect. Dis. 39 (2020) 1059-1061.

C. Lang, P. Jaksch, M.A. Hoda, G. Lang, T. Staudinger, E. Tschernko, B. Zapletal,
S. Geleff, H. Prosch, R. Gawish, S. Knapp, O. Robak, F. Thalhammer, A. Indra,
M. Koestenberger, R. Strassl, T. Klikovits, K. Ali, G. Fischer, W. Klepetko,

K. Hoetzenecker, P. Schellongowski, Lung transplantation for COVID-19-associated
acute respiratory distress syndrome in a PCR-positive patient, Lancet Respir. Med.
8 (2020) 1057-1060.

S. Zhang, A. Garcia-D’Angeli, J.P. Brennan, Q Huo, Predicting detection limits of
enzyme-linked immunosorbent assay (ELISA) and bioanalytical techniques in
general, Analyst 139 (2014) 439-445.


http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0001
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0001
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0002
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0002
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0003
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0003
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0004
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0004
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0004
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0004
https://doi.org/10.1128/JCM.02589-20
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0006
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0006
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0006
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0006
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0006
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0006
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0007
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0007
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0007
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0008
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0008
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0008
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0008
https://doi.org/10.1016/j.ijid.2020.11.161
https://doi.org/10.1093/cid/ciaa638
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0011
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0011
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0011
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0011
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0011
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0012
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0012
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0012
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0012
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0013
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0013
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0013
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0013
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0014
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0014
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0014
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0014
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0014
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0014
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0015
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0015
http://refhub.elsevier.com/S1386-6532(21)00113-X/sbref0015

