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A B S T R A C T   

Introduction: Studies describing the performance characteristics of the cobas®6800 system for SARS-CoV-2 
detection in deep respiratory specimens and freeze-thaw stability are limited. The current study compares the 
clinical performance of the automated SARS-CoV-2 assay on the cobas®6800 system to a lab-developed assay 
(LDA) and the cobas impact of freeze-thawing combined with lysis buffer. 
Methods: Both retrospective and prospectively selected deep respiratory samples and oro- and nasopharyngeal 
samples in either E-swab® or GLY- were tested using the SARS-CoV-2 assay on the cobas®6800 System and 
compared to a lab developed assay. Additonally, SARS-CoV-2 RNA stability was assessed after one freeze-thaw 
cycle with or without lysis buffer. 
Results: In total, 221 (58.3 %) oro- and nasopharyngeal swabs, 131 (34.6 %) deep respiratory specimens, and 
n = 25 (6.6 %) swabs of unknown origin were included to study clinical performance. Only 4 samples gave 
discrepant results, all being positive in the LDA and not the cobas®6800 system. For stability testing, 66 samples 
without and 110 with lysis buffer were included. No clinically significant difference was found in test results after 
one freeze-thaw cycle and addition of lysis buffer. 
Conclusion: Based on our findings, the cobas®6800 SARS-CoV-2 RNA assay yielded similar results as the LDA in 
oro-/nasopharyngeal swabs and deep respiratory specimens. Moreover, the cobas®6800 SARS-CoV-2 RNA assay 
yielded similar results before and after a freeze-thaw cycle, with better preservation of low viral loads in lysis 
buffer.   

1. Introduction 

In December 2019, severe acute respiratory syndrome coronavirus 
type 2 (SARS-CoV-2) was first identified as a causal agent for cases of 
viral pneumonia in Wuhan, China [1,2]. Since then, SARS-CoV-2 has 
spread across the globe causing millions of cases of coronavirus disease 
2019 (COVID-19). The detection of SARS-CoV-2 RNA with (real-time) 
reverse transcriptase polymerase chain reaction (RT-PCR) assays is the 
cornerstone of COVID-19 diagnostics, and a variety of different PCR 

assays have been made publicly available since the onset of the 
pandemic [3,4]. Widespread laboratory testing of potentially infected 
patients has a central role in attempts to mitigate the spread of 
SARS-CoV-2 [5], and requires rapid upscaling of the test capacity by 
automation [6–8]. Several automated systems, like the cobas®6800 
assay, have been validated for the detection of SARS-CoV-2 in oro-/-
nasopharyngeal swabs in virus transport medium [9–11], but perfor-
mance data for other clinical specimen types are limited. Several studies 
involving SARS-CoV-2 detection using PCR assays use samples which 
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have undergone a freeze-thaw cycle [9,12,13]. Currently, no data is 
available on the effect of a freeze-thaw cycle, on the performance of the 
cobas®6800 assay. Although SARS-CoV-2 should be handled as a 
biosafety level 2 agent for nucleic acid amplification tests according to 
the World Health Organization, most automated systems do not operate 
on BSL2 level and should, therefore, include an external lysis step prior 
to loading [14]. The objective of this study is to compare the clinical 
performance of the automated SARS-CoV-2 assay on the cobas®6800 
assay (Roche Diagnostics, Switzerland) to an ISO15189:2012 
lab-developed assay (LDA) for the detection of SARS-CoV-2 RNA in 
externally lysed (oro-/nasopharyngeal) swabs (E-swab® (Copan, Italy) 
or swabs in GLY-medium) and lower respiratory tract specimen. The 
time from r of sample receipt by the laboratory until result was 
compared between the LDA and automated cobas®6800 assay. 
Furthermore, the Ct-values of both cobas®6800 assay targets in oro-/-
nasopharyngeal and lower respiratory samples were compared before 
and after a freeze thaw cycle, with and without additional lysis buffer. 

2. Methods 

2.1. Setting and study population 

All oro-/nasopharyngeal and lower respiratory samples collected 
from patients submitted to Microvida laboratory for microbiology as 
part of routine clinical diagnostics were deemed eligible for inclusion in 
the study. Microvida laboratory for microbiology receives samples from 
two general, two teaching hospitals, long-term care facilities and general 
practitioners in the south of the Netherlands. 

2.2. SARS-CoV-2 semi-quantitative real-time RT-PCR using cobas®6800 
assay and lab-developed assay 

Before testing on the cobas®6800 SARS-CoV-2 PCR assay, samples 
were pre-treated in a BSL3/BSL2 laminar flow cabinet. Oro-/nasopha-
ryngeal swabs (E-swab® in Amies (Copan, Italy) or GLY-medium) were 
vortexed. Subsequently, 600 μL of E-swab®- or GLY-medium was added 
to a collection tube containing 600 μL of MagnaPure LC lysis- and 
binding buffer (LBB) (Roche diagnostics, The Netherlands) and mixed by 
pipetting. External lysis was allowed for at least 15 min at room tem-
perature. Lower respiratory specimens (sputa, bronchial fluid, and 
bronchoalveolar lavage fluid) were pre-treated by placing a flake of 
material in a tube containing 600 μL of LBB and Sentosa SX lysis beads 
(Vela Diagnostics, Germany) and shaking the suspension in the MagNA 
lyser (Roche, Switzerland) for 70 s at 5000 rpm. Thereafter, the tubes 
were centrifuged for 1 min at 6000 g, and external lysis was completed 
at room temperature for at least 15 min. Following pre-treatment, all 
samples were analysed on the cobas®6800 with the cobas® SARS-CoV-2 
assay according to the manufacturer’s instructions. In short, after 
loading pre-lysed samples, nucleic acid extraction was automatically 
performed, followed by an internally controlled semi-quantitative real- 
time reverse transcriptase polymerase chain reaction (sqRT-PCR) on the 
envelope (E) gene and the RNA dependent RNA polymerase (RdRp) gene 
and automated analysis of the sqRT-PCR results. The ISO15189:2012 
accredited, internally controlled, single-target (Sarbeco-specific E- 
gene), sqRT-PCR lab-developed assay (LDA) was performed as described 
previously by Kluytmans-van den Bergh et al. [15]. The cobas®6800 
assay was considered positive when both the E-gene and RdRp-gene 
targets were detected; inconclusive when either E-gene or RdRp-gene 
target was detected; negative when both targets were undetectable. 
The cobas®6800 results were considered invalid when either the E-gene 
or RdRp-gene target did not produce a result, due to internal/external 
invalid controls. 

2.3. Assay comparison 

Clinical performance was evaluated both retrospectively and 

prospectively. For the retrospective evaluation, stored (− 80 ◦C or +4 ◦C 
(for a maximum of 7 days)) LDA confirmed SARS-CoV-2 positive 
(Ct<35) and LDA SARS-CoV-2 negative oro-/nasopharyngeal, and lower 
respiratory samples were randomly selected from samples sent to the 
laboratory for routine testing from the March 1–31, 2020, ensuring the 
complete dynamic range of Ct-values and variety of sample types. The 
cobas®6800 assay results were compared to historical data generated 
using the LDA. For prospective evaluation, samples from patients sub-
mitted to Microvida laboratory for microbiology between the April 
4–11, 2020, were stored at +4 ◦C until testing using both the 
cobas®6800 SARS-CoV-2 PCR assay and LDA. Samples with an incon-
clusive result in the cobas®6800 assay but not included in the initial 
comparison (n = 36), were additionally tested in the LDA and included 
to evaluate samples with viral loads near the lower limit of detection in 
more detail. 

2.4. Time-to-result and invalid results 

Additional samples were included to evaluate the time-to-result for 
the LDA and the cobas®6800 assay and to evaluate the number of 
invalid results in the cobas®6800 assay. The time-to-result, i.e. the time 
between sample receipt by the laboratory until generation of the SARS- 
CoV-2 RNA result, was extracted from the laboratory information system 
from samples received from March 1–31, 2020, for the LDA and from 
samples received from April 4–28, 2020 for the cobas®6800 assay. The 
number of invalid results was calculated for all samples tested on the 
cobas®6800 assay from April 4–28, 2020. 

2.5. Freeze-thawing samples with and without lysis buffer 

From April 28- July 1, 2020 lower respiratory and oro-/nasopha-
ryngeal samples, submitted to Microvida laboratory for microbiology for 
routine clinical diagnostics and that tested positive for SARS-CoV-2 RNA 
using the cobas®6800 assay, were stored overnight at − 80 ◦C with or 
without external lysis buffer. Following overnight freezing, the selected 
samples were thawed at room temperature and re-tested using the 
cobas®6800 assay. The cobas®6800 SARS-CoV-2 Ct-values were 
compared before and after this one freeze-thaw cycle for each sample. 

2.6. Statistical analysis 

A McNemar test for paired samples was performed using Researchpy 
v0.1.9 and Pandas v1.0.3. Bland-Altman plots comparing the 
cobas®6800 and LDA SARS-CoV-2 Ct-values of the prospectively 
collected samples and comparing the cobas®6800 SARS-CoV-2 Ct- 
values before and after a freeze-thaw cycle, were drawn using Matplotlib 
v3.2.1. The mean of the differences (and 95 % confidence interval) be-
tween the cobas®6800 assay and LDA Ct-values and between the 
cobas®6800 SARS-CoV-2 Ct-values before and after a freeze-thaw cycle 
was calculated using NumPy v1.18.4 and SciPy v1.4.1. In the Bland- 
Altman analysis, a Ct-value of 40 was imputed for a negative result in 
samples with discrepant results. Samples with imputed values were 
excluded from calculating the mean difference in Ct-value. A Mann- 
Whitney U test was performed between the median Ct-values of the 
LDA E-gene, cobas®6800 E-gene and cobas®6800 RdRp of the pro-
spectively collected deep respiratory specimens and oro-/nasopharyn-
geal swabs using SciPy v1.4.1. The adjusted Wald confidence interval of 
the proportion of invalid test results per specimen type was calculated 
using NumPy v1.18.4 and SciPy v1.4.1. 

3. Results 

3.1. Assay comparison 

A total of 377 samples were tested on both the cobas®6800 assay and 
LDA (retrospectively: n = 172; prospectively: n = 205). In total, 221 
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(58.6 %) oro-/nasopharyngeal swabs in either E-swab® or GLY-medium, 
131 (34.7 %) lower respiratory specimens and n = 25 (6.6 %) swabs of 
unknown origin were included. In total 118 (31.3 %) samples were 
positive in both the cobas®6800 assay and LDA, 217 (57.6 %) samples 
were negative in both assays, 38 (10.1 %) samples had an inconclusive 
result in the cobas®6800 assay (single RdRp or E gene detectable) and 
cobas®6800 assay-LDA discrepant results were found in only 4 (1.1 %) 
samples (all being positive in the LDA and negative cobas®6800 assay) 
(Table 1). Two of these latter 4 samples were of lower respiratory origin 
and 2 samples were oro-/nasopharyngeal swabs. The samples with 
inconclusive results in the cobas®6800 assay were either single E-gene 
(n = 36) or RdRP-gene target (n = 2) positive. Twenty-two (57.9 %) of 
these samples with inconclusive results cobas®6800 assay, still had 
SARS-CoV-2 RNA detectable in the LDA (Table 1). However, the LDA E- 
gene Ct-values were higher than 35.0 in 16 (72.7 %) of these samples, 
confirming low viral loads. If all samples with inconclusive results in the 
cobas®6800 assay were excluded from the analysis, no significant dif-
ference was observed between the two assays (p > 0.05) (Table 1). 
Nonetheless, if all inconclusive results in the cobas®6800 assay were 
considered either positive or negative, the number of discrepant results 
increased to 20 and 26 respectively resulting in significant difference (all 
positive: p = 0.01; all negative: p < 0.01) (Table 1). 

The mean difference in Ct-value between the LDA E-gene and 
cobas®6800 assay E-gene results of the prospectively collected samples 
was 3.8 (95 % confidence interval (CI): 3.4–4.2). Ct-values being lower 
in the LDA as compared to the cobas®6800 assay (including all sample 
types without inconclusive results) (Fig. 1a). The mean difference in Ct- 
values between the cobas®6800 assay RdRP-gene target and the E-gene 
LDA of the prospectively collected samples was 3.2 (95 %CI: 2.7–3.7). 
However, the difference in Ct-value between the LDA E-gene and the 
cobas®6800 E-gene or RdRp results decreased with increasing mean Ct- 
value (Fig. 1a and b respectively). The mean difference in E-gene or 
RdRp Ct-value between the LDA and the cobas®6800 assay was higher 
in the lower respiratory samples when compared to oro-/nasopharyn-
geal swabs (Table 2). No statistically significant difference was detected 
between the median Ct-values of the LDA E-gene, cobas®6800 E-gene 
and cobas®6800 RdRp gene of the prospectively collected deep respi-
ratory specimens and oro-/nasopharyngeal swabs (Supplementary table 
S1). 

3.2. Time –to-result and invalid results 

Additional samples were included to evaluate the time-to-result for 
the LDA and the cobas®6800 assay and to evaluate the number of 
invalid results in the cobas®6800 assay. A total of 6609 samples were 
tested for SARS-CoV-2 RNA using the LDA from the 1st of 31st of March. 
The median number of hours between the sample arriving in the labo-
ratory until result (time-to-result) during this period, was 20.6 h. From 
the April 6, 2020, until April 28, 2020, 6746 samples were tested for 
SARS-CoV-2 RNA presence on the cobas®6800 assay. During this 
period, the median time to result was 7.2 h. In 48 (0.7 %; 95 %CI: 
0.5− 0.9%) of these 6746 samples the cobas®6800 SARS-CoV-2 RNA 
tests yielded invalid results (Table 3) compared to 36 out 6609 samples 
(0.5 %; 95 %CI: 0.4− 0.8%) for the LDA. The percentage of samples with 
invalid results in the cobas®6800 assay was similar between the lower 
respiratory samples and the oro-/nasopharyngeal swabs being 1.0 % (95 

%CI: 0.3–2.8 %) and 0.6 % (95 %CI: 0.4− 0.8%), respectively (Table 3). 
However, the percentage of invalid results was higher in the fecal 
samples tested being 28.9 % (95 %CI: 13.5–46.3 %) as compared to both 
the oro-/nasopharyngeal swabs and lower respiratory samples (Table 3). 

3.3. Effect on ct-value of one freeze-thaw cycle for samples with and 
without lysis buffer 

A total of 176 samples were collected to be frozen (− 80 ◦C) and 
thawed once, of which 66 samples without and 110 samples with lysis 
buffer. One sample frozen without lysis buffer was positive (Ct-value: 
34.7) in the E-gene target before freezing and negative following 
freezing. Five samples (n = 3 without lysis buffer, n = 2 with lysis 
buffer) were positive in the RdRP-gene target before freezing and 
negative following freezing (mean Ct-value: 31.4 (range 29.4–33.5). The 
mean difference in Ct-value before and after a freeze-thaw cycle of the E- 
gene and RdRP-gene target respectively were: − 0.7 (95 %CI: − 1.2 to 
− 0.2) and -0.3 (95 %CI: -0.7− 0.2) in the samples frozen without lysis 
buffer; and 0.1 (95 %CI: -0.1− 0.3) and 0.1 (95 %CI: -0.1− 0.3) in the 
samples frozen with lysis buffer. In the samples frozen without lysis 
buffer and with a relatively medium-low load of SARS-CoV-2 RNA (Ct- 
value cobas®6800 E-gene > 30.0), the difference in Ct-value before and 
after a freeze-thaw cycle increased for both the E-gene and the RdRP- 
gene target (Figs. 2a; 3 a). The difference in Ct-values did not increase 
in the samples containing lysis buffer with a relatively medium-low 
SARS-CoV-2 RNA load (Ct-value cobas®6800 E-gene > 30.0) 
(Figs. 2b; 3 b). 

4. Discussion 

Based on our findings, the cobas®6800 SARS-CoV-2 RNA assay 
yielded similar qualitative results compared to the LDA in externally 
lysed (oro-/nasopharyngeal) swabs (E-swab® or swabs in GLY-medium) 
and pre-treated lower respiratory specimens. However, when 
cobas®6800 assay inconclusive (single RdRp or E gen positive) results 
were incorporated in the analysis, the results of both test assays signif-
icantly differed. This may be caused by the relatively high number of 
inconclusive results in the samples included in the study (38/377 (10 
%)) with the aim to study clinical sensitivity, as compared to previous 
studies and our routine clinical samples (92/6698 (0.3 %)) [9,11]. As in 
previous studies, these inconclusive samples predominantly contained 
relatively low SARS-CoV-2 RNA loads (Ct-value cobas®6800 E-gene >
35.0) [11]. Most of these samples were only positive in the cobas®6800 
E-gene target, which may be explained by the presence of more E gene 
target RNA due to generation of subgenomic RNA, while this phenom-
enon is not described for the RdRp gene. A higher sensitivity of the 
E-gene target as compared to the RdRP target for the detection of 
SARS-CoV-2 using PCR has already been described in other studies 
[16–18]. On the other hand, two samples were single positive in the 
RdRP target. This could be related to a previously described C26340 T 
mutation in the SARS-CoV-2 E-gene, resulting in a mismatch with pri-
mers/probes and thus escape from detection in samples with lower viral 
loads [19]. This supports the dual-target detection strategy for 
fast-evolving viruses to limit this risk for false-negative results. Incon-
clusive results due to low viral loads can be expected during the very 
beginning or at the end of the course of infection and should therefore be 
reported as such. A new sample should be requested, which either may 
confirm rising viral load or undetectable viral RNA. 

Analysis of semi-quantitative results showed the mean Ct-value of 
both cobas®6800 targets were 3.2 and 3.8 higher than the Ct-value of 
the E gene target in the LDA assay, for RdRp and E gene respectively. 
Though tempting, this cannot be interpreted as an 8.6–13.0 times less 
sensitivity based on this Ct-difference alone (calculated with 100 % PCR 
reaction efficiency), since in samples with a relatively low SARS-CoV-2 
RNA load, the difference in Ct-value between the cobas®6800 assay 
targets and LDA tended to be much lower. This effect confirmed 

Table 1 
Qualitative SARS-CoV-2 RNA results of all (retrospective and prospective) 
samples tested in the LDA and cobas®6800 assay.  

Result in LDA Result in COBAS® 6800 system  

Positive Negative Inconclusive* 

Positive 118 4 22 
Negative 0 217 16  

* Single RdRp or E-gene positive. 
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observations in a previous study [10]. The difference in Ct-values be-
tween the cobas®6800 and LDA targets was higher in lower respiratory 
specimens, with no significant effects on qualitative results in this 

sample type. 
The proportion of invalid results in the cobas®6800 assay, measured 

in nearly 6700 clinical samples, was similar between the pre-treated 
lysed lower respiratory samples and lysed swabs, but significantly 
higher in fecal samples. Therefore, we conclude that stool is not an 
appropriate sample type for analysis on the cobas®6800 SARS-CoV-2 
assay in our hands. The median time-to-result was far lower using 
cobas®6800 assay, which can partly be due to the cobas’ efficient 
workflow. With the most efficient LDA workflow, time to result can be as 
fast as 4.5− 6 hours compared to 2.5− 3 hours for the cobas®6800. 
However, due to a limited and delayed supply of extraction reagents and 
disposables for the MagnaPure96 system at the time, samples were 
tested in full run batches to optimize test capacity and efficacy, pro-
longing the LDA time-to-result. Since there were no difficulties 
regarding the supply of reagents for the cobas®6800 assay during this 

Fig. 1. Bland-Altman plot of the LDA and the cobas®6800 assay semi-quantitative results per specimen type, Ct-value of: a) cobas®6800 assay E-gene and LDA E- 
gene targets b). cobas®6800 assay RdRP-gene and LDA E-gene targets. *Samples with imputed results for either the LDA or cobas®6800 assay E-gene assay. Total 
number of samples: 160 (a), 144 (b). 

Table 2 
Mean difference in Ct-value between the LDA and cobas®6800 system per specimen type of the prospectively collected samples.  

Specimen source sample E-gene COBAS® 6800 - E-gene LDA RdRP COBAS® 6800 - E-gene LDA  

N of samples positive in both 
assays 

Mean difference in Ct-value* (95% 
CI) 

N of samples positive in both 
assays 

Mean difference in Ct-value* (95% 
CI) 

Deep respiratory specimen 32 3.5 (2.7− 4.4) 23 3.2 (2.3− 4.1) 
Oro-/nasopharyngeal 

swabs 
43 2.3 (2.0− 2.7) 36 1.8 (1.3− 2.3) 

Swabs of unknown origin 15 3.0 (2.4− 3.6) 13 2.2 (1.3–3.0)  

* Values above zero indicate a higher Ct value in the COBAS® 6800. 

Table 3 
Number of samples with a valid or invalid test result per specimen type in the 
cobas®6800 assay.  

Specimen type N◦ of samples (%)  

valid invalid 

Total 6698 (99.3) 48 (0.7) 
Deep respiratory specimen 379 (99.0) 4 (1.0) 
Oro-/nasopharyngeal swab 5870 (99.3) 34 (0.7) 
Swab of unknown origin 430 (99.3) 3 (0.7) 
Feces 19 (73.1) 7 (28.9)  

Fig. 2. Bland-Altman plot of the cobas®6800 assay E-gene target semi-quantitative results before and after freeze-thaw cycle per specimen type a) without lysis 
buffer; b) with lysis buffer. * Samples with imputed results for either the cobas®6800 assay E-gene or RdRP-gene assay before or after freeze thawing. Total number 
of samples is 66. 
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study period, samples were tested as soon as they entered the laboratory, 
which reduced the time-to-result. 

Analysis of the semi-quantitative results of the Ct-values generated 
by the cobas®6800 assay revealed similar results in samples before and 
after freeze-thawing, with and without external lysis buffer. Despite this, 
6 samples converted from positive to inconclusive result after a single 
freeze-thaw cycle. Moreover, in the absence of external lysis buffer the 
difference in Ct-values of both targets before and after a freeze-thaw 
cycle increased in samples with a relatively high SARS-CoV-2 load. 
The current study only evaluated the performance of the cobas®6800 
assay before and after freeze thawing. Future studies should evaluate the 
effect of freeze-thawing on the performance of other assays for SARS- 
CoV-2 detection. 

Concluding, based on our findings, the cobas®6800 SARS-CoV-2 
RNA assay yielded similar results as the LDA in lysed (oro-/nasopha-
ryngeal) swabs and lower respiratory specimens. Moreover, the 
cobas®6800 SARS-CoV-2 RNA assay yielded similar results before and 
after a freeze-thaw cycle, with better preservation of low viral loads in 
lysis buffer. 

5. Credit author statement 

JS analysed and interpreted the data, and drafted the manuscript. 
MW performed the experiments. ME performed the experiments. BD 
analysed and interpreted the data, and revised the manuscript. MK 
analysed and interpreted the data, and revised the manuscript. AB 
analysed and interpreted the data, and revised the manuscript. JK 
analysed and interpreted the data, and revised the manuscript. SP per-
formed the experiments, analysed and interpreted the data, and revised 
the manuscript. All authors read and approved the final manuscript. 

Funding 

None to report. 

Declaration of Competing Interest 

The authors report no declarations of interest. 

Acknowledgements 

We would like to thank all laboratory staff of Microvida Laboratory 
for Microbiology, location Bravis, Zorgsaam and Amphia for their efforts 
in processing the samples used in this study. 

Appendix A. Supplementary data 

Supplementary material related to this article can be found, in the 
online version, at doi:https://doi.org/10.1016/j.jcv.2020.104686. 

References 

[1] N. Zhu, D. Zhang, W. Wang, et al., A novel coronavirus from patients with 
pneumonia in China, 2019, N. Engl. J. Med. 382 (8) (2020) 727–733, https://doi. 
org/10.1056/NEJMoa2001017. 

[2] C. Huang, Y. Wang, X. Li, et al., Clinical features of patients infected with 2019 
novel coronavirus in Wuhan, China, Lancet 395 (10223) (2020) 497–506, https:// 
doi.org/10.1016/S0140-6736(20)30183-5. 

[3] V.M. Corman, O. Landt, M. Kaiser, et al., Detection of 2019 novel coronavirus 
(2019-nCoV) by real-time RT-PCR, Eurosurveillance 25 (3) (2020) 1–8, https:// 
doi.org/10.2807/1560-7917.ES.2020.25.3.2000045. 

[4] Chan JF-W, Yip CC-Y, To KK-W, et al., Improved molecular diagnosis of COVID-19 
by the novel, highly sensitive and specific COVID-19-RdRp/Hel real-time reverse 
transcription-PCR assay validated in vitro and with clinical specimens, McAdam 
AJ, ed. J. Clin. Microbiol. 58 (5) (2020) 1–10, https://doi.org/10.1128/ 
JCM.00310-20. 

[5] M.P. Cheng, J. Papenburg, M. Desjardins, et al., Diagnostic testing for severe acute 
respiratory syndrome–related coronavirus-2, Ann. Intern. Med. 13 (2020) 
M20–1301, https://doi.org/10.7326/M20-1301. Published online April. 

[6] J.J.C. Voermans, S. Seven-Deniz, P.L.A. Fraaij, A.A. van der Eijk, M.P.G. Koopmans, 
S.D. Pas, Performance evaluation of a rapid molecular diagnostic, multicode based, 
sample-to-answer assay for the simultaneous detection of Influenza A, B and 
respiratory syncytial viruses, J. Clin. Virol. 85 (2016) 65–70, https://doi.org/ 
10.1016/j.jcv.2016.10.019. 

[7] J.J.C. Voermans, D.G.J.C. Mulders, S.D. Pas, M.P.G. Koopmans, A.A. van der Eijk, 
R. Molenkamp, Performance evaluation of the panther fusion® respiratory tract 
panel, J. Clin. Virol. 123 (2020), 104232, https://doi.org/10.1016/j. 
jcv.2019.104232 (December 2019). 

[8] D. Nörz, N. Fischer, A. Schultze, et al., Clinical evaluation of a SARS-CoV-2 RT-PCR 
assay on a fully automated system for rapid on-demand testing in the hospital 
setting, J. Clin. Virol. 128 (1) (2020), 104390, https://doi.org/10.1016/j. 
jcv.2020.104390. 

[9] E. Pujadas, N. Ibeh, M.M. Hernandez, et al., Comparison of SARS-CoV-2 detection 
from nasopharyngeal swab samples by the Roche cobas® 6800 SARS-CoV-2 test 
and a laboratory-developed real-time RT-PCR test, J. Med. Virol. (2020) 1–4, 
https://doi.org/10.1002/jmv.25988 (April). 

[10] C.F. Lowe, N. Matic, G. Ritchie, et al., Detection of low levels of SARS-CoV-2 RNA 
from nasopharyngeal swabs using three commercial molecular assays, J. Clin. 
Virol. 128 (2020), 104387, https://doi.org/10.1016/j.jcv.2020.104387 (April). 
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