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Introduction 1 

The novel coronavirus identified in China in December 2019 as the etiological agent of the 2 

COVID-19 disease has been declared as pandemic by the WHO the 11th of March 2020 [1]. 3 

The etiological agent of this new infection is the Severe Acute Respiratory Syndrome 4 

coronavirus 2 (SARS-CoV-2) [2]. Availability and reliability of robust assays providing sensitive 5 

identification of infected individuals are the first steps allowing patient isolation, diagnosis 6 

and proper therapeutic measures. Several in-house and commercial RT-PCR assays have 7 

been quickly developed [3] but still require to be independently assessed and evaluated. The 8 

RealStare® SARS-CoV-2 RT-PCR kit (Altona) is a Research Usage Only (RUO) product providing 9 

the detection of SARS-CoV-2 and compatible with various real-time PCR platforms. It allows 10 

detection and differentiation of lineage B-betacoronavirus (B-ßCoV), by targeting the E gene 11 

from B-ßCoV, and SARS-CoV-2 specific RNA, by targeting the S gene. Evaluating the 12 

sensitivity of RT-PCR assays is an essential point as very low viral loads can be identified in 13 

patients nasopharyngeal swabs, especially in later disease stages [4,5]. To date, the 14 

RealStar® SARS-CoV-2 assay has been compared to several other commercial assay [6,7], 15 

however thorough limit of detection assessment and performances comparison with the 16 

currently WHO recommended assay have not been provided. 17 

Here, we report an independent validation of this new commercial PCR assay for SARS-CoV-2 18 

detection, determining its limit of detection and comparing its performances on clinical 19 

samples with the currently WHO recommended RT-PCR assay [3]. 20 

 21 

Methods 22 

Analytical sensitivity analysis of the RealStar® SARS-CoV-2 assay 23 
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A preliminary sensitivity analysis was conducted using serial dilution of a SARS-CoV-2 24 

positive nasopharyngeal sample. This sample was serially diluted at 1:10 up to 1/100 000 25 

before being serially diluted at 1:5 up to 1/12 500 000. All those dilutions were tested both 26 

with RealStar® SARS-CoV-2 and the currently WHO recommended RT-PCR assay (WHO-RT-27 

PCR). The same sample was quantified using a standardised RNA transcript control obtained 28 

from the European Virus Archive Program. The limit of detection (LoD) was then determined 29 

for the two assays by testing multiple replicates of serial two fold dilutions of the quantified 30 

sample around the expected LoD. As recommended by the European Network of GMO 31 

Laboratories for LoD definition [8], the LoD was defined as the concentration until obtaining 32 

10 out of 10 positive replicates (10/10). All dilutions were done using Virocult transport 33 

medium and kept at +4°C before testing within 24h. 34 

Briefly, for both assays the viral RNA was extracted from 200 µL of clinical samples with the 35 

MagNA Pure LC Total Nucleic Acid Isolation Kit - Large Volume (Roche Diagnostics) and 36 

eluted in 50 µL. The WHO RT-PCR, targeting E and Orf1 genes, was performed as described 37 

by Corman et al [3] and the RealStar® SARS-CoV-2 was performed according to the 38 

manufacturer recommendations. Both PCR assays were performed on an ABI 7500 39 

plateform (Applied Biosystems®). For both assay, a signal with a cycle threshold (Ct) value 40 

above 40 was considered as negative. 41 

 42 

Evaluation of specificity 43 

To assess the specificity of the RealStar® SARS-CoV-2 assay towards other coronaviruses we 44 

used using 2 pools of 3 positive samples for each of them (HKU1, NL63, OC43, 229E) 45 

obtained between October and December 2019. 46 

 47 
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Performance comparison using clinical samples 48 

We included 83 nasopharyngeal swabs specimens from patients hospitalized in Bichat 49 

Claude Bernard teaching hospital, Paris, France. These specimens were taken from patients 50 

suspected of COVID-19, collected in Virocult® viral transport media (Sigma). Samples for the 51 

specificity evaluation were obtained for mPCR point of care evaluation approved by the 52 

Bichat Claude Bernard ethic committee (N2019-050). All other hospitalized patients, 53 

included in this study, were included in the national French-COVID19 cohort and written 54 

consent was obtained for clinical and biological sub-studies. 55 

 56 

Results 57 

Analytical sensitivity analysis of the RealStar® SARS-CoV-2 assay 58 

All results obtained from initial serial dilutions are depicted in Table 1. The virus was 59 

detected for all genes of both methods for all dilutions up to 1:100 000. At 1:500 000 60 

dilution, all targets were positive for RealStar® SARS-CoV-2 but only the E gene for the WHO 61 

RT-PCR. At 1:2 500 00 dilution, only the two targets of the RealStar® SARS-CoV-2 assay were 62 

positive. As we previously observed, the RdRp gene of the WHO RT-PCR assay presented a 63 

lower sensitivity than the E gene (Visseaux et al. JCM, in revision). 64 

For the LoD assessment, all results obtained with the serial 1:2 dilutions around the 65 

expected LoD are depicted in table 2. The detection of 10/10 replicates by the WHO RT-PCR 66 

assay was achieved for the dilution containing 1250 copies/mL (i.e. for an input of 25 67 

copies/PCR in our conditions) whereas it was achieved for the dilution containing 625 68 

copies/mL with both E and S genes of the RealStar® SARS-CoV-2 assay (i.e. for an input of 13 69 

copies/PCR).  70 

 71 
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Evaluation of specificity 72 

No cross-reaction was detected neither for human coronaviruses (229E, OC43, NL63 and 73 

HKU1, n=2 pools of three samples for each targets) nor other respiratory viruses (influenza 74 

A:H1N1, A:H3N2 and B, respiratory syncytial virus, rhinovirus, parainfluenza virus 1 and 4, 75 

and human metapneumovirus; n=1 pool for each). 76 

 77 

Performance comparison using clinical samples 78 

All results from this comparison are given in Figure 1 and supplementary Table 1. Among the 79 

83 clinical samples tested in this study, 45/83 and 36/83 were identified positive and 80 

negative with both methods, respectively. Among the two remaining samples: (i) one was 81 

identified as positive with the WHO assay (E gene at 37.9 Ct and undetectable RdRp gene) 82 

but negative with the RealStar® SARS-CoV-2 assay; and (ii) the second one was identified as 83 

negative with the WHO assay (E gene above 40 Ct at 40.9 and undetectable RdRp gene) but 84 

positive with the RealStar® SARS-CoV-2 assay (E gene at 34.4 and S gene at 36.9). Thus, when 85 

taking the WHO assay as a gold standard, the RealStar® assay demonstrated a sensitivity at 86 

97.8% (45/46) and a specificity at 97.3% (36/37). 87 

 88 

 89 

Discussion 90 

In this work we assessed the performances and limit-of-detection on clinical samples of the 91 

RealStar® SARS-CoV-2 RT-PCR Kit RUO in comparison to the currently recommended WHO 92 

RT-PCR assay [3]. The LoD obtained for the E gene with the WHO RT-PCR assay, at 50 93 

copies/PCR, was slightly higher than previously estimated in the initial description at 5 94 

copies/PCR [3]. This may be explained in part by the use of SARS-CoV-2 clinical samples in 95 
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the current work instead of transcript RNA and the use of different LoD estimation methods. 96 

The LoD of the RealStar® SARS-CoV-2 assay was in the same range and even slightly higher 97 

than the WHO assay in our work at 25 copies/PCR. The poor sensitivity of the WHO assay for 98 

the RdRp gene has been previously evidenced in our previous works [9] and a recent pre-99 

publication comparing the performances of the main reference assays [10]. The sensitivity 100 

and specificity of both the RealStar® SARS-CoV-2 RT-PCR RUO assay on clinical samples 101 

appears similar with 100% of concordance on 83 clinical nasopharyngeal samples. Thus, the 102 

RealStar® SARS-CoV-2 RT-PCR RUO assay provides a promising commercial alternative for 103 

SARS-CoV-2 detection with a slightly better sensitivity than the WHO currently 104 

recommended assay. It can be used in most laboratories with various extraction and real-105 

time PCR platforms. To date, RT-PCR assays remain the methods of choice for COVID-19 106 

diagnosis even if it can lack of sensitivity in swab samples from some patients, mostly 107 

presenting late stage diseases and for which chest CT or other respiratory samples can be of 108 

valuable help [11–13]. This point also highlights the necessity of having highly sensitive PCR 109 

assays and the critical importance of checking and comparing their performances. If the 110 

RealStar® SARS-CoV-2 assay will not fulfil all our needs, especially for high-throughput and 111 

highly automatized assays, it provides a robust, versatile and sensitive options for all 112 

molecular biology laboratories. 113 

  114 
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Figure 1. Concordance of cycle threshold values obtained 
for the E gene with RealStar® SARS-CoV-2 assay and the 
WHO recommended RT-PCR. 
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Table 1. Results of the preliminary evaluation of the sensitivity of RealStar® SARS-CoV-2 assay and the currently recommended WHO assay. For the E 

gene with the WHO assay, used as the gold standard method, the quantification estimated using a standardised RNA transcript control has been 

calculated. N.D.: Not Detected. 

 

Tested 

dilution 

WHO assay 

E gene 

WHO assay 

RdRp gene 

RealStar SARS-CoV-2 

E gene 

RealStar SARS-CoV-2 

S gene 

Ct Interpretation copies/PCR copies/mL Ct Interpretation Ct Interpretation Ct Interpretation 

1/10 20 Positive 6 254 420 312 721 000 19 Positive 19.6 Positive 19.2 Positive 

1/100 24.3 Positive 412 044 20 602 200 24.4 Positive 23.1 Positive 22.7 Positive 

1/1000 28.7 Positive 25 648 1 282 400 29.5 Positive 26.6 Positive 26.4 Positive 

1/10 000 32.8 Positive 1 877 93 850 33.9 Positive 31 Positive 30.7 Positive 

1/100 000 36.4 Positive 198 9 900 40.6 Negative 33 Positive 32.7 Positive 

1/500 000 38.9 Positive 41 2 050 N.D. Negative 36.4 Positive 36 Positive 

1/2 500 000 N.D. Negative - - N.D. Negative 40.1 Negative 38.6 Positive 

1/12 500 000 N.D. Negative - - N.D. Negative N.D. Negative N.D. Negative 
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Table 2. Limit of detection assessment for RealStar® SARS-CoV-2 and the currently recommended 

WHO assay. N.D.: Not Detected. 

Dilution 
Viral load 

(copies/mL) 

WHO assay RealStar SARS-CoV-2 

E gene E gene S gene 

1/100 000 10 000 36.8 34.5 33 

36.8 34.9 33 

37.7 34.7 33.3 

1/200 000 5000 37.3 35.5 33.9 

38.3 36 34.4 

37 36 34.5 

1/400 000 2500 38.4 37.4 35.5 

37.9 37.3 35.2 

38.2 36.8 35.1 

1/800 000 1250 39.8 39.5 37.8 

39.6 38.2 36.8 

39.4 37.5 35.5 

39 37.9 35.6 

38.9 38.2 37.4 

37.4 39 38.2 

39.4 37.7 37.2 

39.7 39.6 36.4 

38.7 38 39.3 

39.1 38.4 37.1 

1/1 600 

000 

625 39.5 39 36.3 

39.4 39.5 39.2 

39.3 38.6 38.3 

39.4 38.1 36.2 

N.D. 38.6 37.9 

N.D. 38.8 39.2 

N.D. 39 37.4 

N.D. 40.8 38.2 

N.D. 38.1 37.6 

N.D. 38.3 36.4 

1/3 200 

000 

312.5 39.1 40.3 39.1 

N.D. 40.9 37.9 

N.D. 40.9 N.D. 

N.D. N.D. N.D. 

N.D. N.D. N.D. 

N.D. N.D. N.D. 

N.D. N.D. N.D. 

N.D. N.D. N.D. 

N.D. N.D. N.D. 

N.D. N.D. N.D. 

 
 




