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Objectives: Qualitative real-time polymerase chain reaction tests are not designed to provide quantitative 

or semiquantitative results because cycle threshold (Ct) values are not normalized to standardized con- 

trols of known concentration. The aim of this study was to characterize SARS-CoV-2 viral loads based on 

Ct values, using the QIAstat-Dx® Respiratory SARS-CoV-2 Panel. 

Methods: Different lineages of SARS-CoV-2 clinical samples and the World Health Organization interna- 

tional standard were used to assess the linearity of the QIAstat-Dx Respiratory SARS-CoV-2 Panel. Limit 

of detection for the different lineages was characterized. 

Results: Comparable efficiencies and linearity for all samples resulted in R 2 ≥0.99, covering a dynamic 

range of 1,0 0 0,0 0 0-10 0 copies/mL for the SARS-CoV-2 assay, showing linear correlation between Ct values 

and viral load down to 300 copies/mL. 

Conclusion: The SARS-CoV-2 Ct values provided by the QIAstat-Dx® Respiratory SARS-CoV-2 Panel could 

be used as a surrogate for viral load given the linear correlation between Ct values and viral concen- 

tration down to limit of detection. This panel allows to obtain reproducible Ct values for SARS-CoV-2 

ribonucleic acid downstream of the sample collection, reducing the sample-to-Ct workflow variability. Ct 

values can help provide a reliable assessment and comparison of viral loads in patients when tested with 

the QIAstat-Dx Respiratory SARS-CoV-2 Panel. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Soon after the outbreak of COVID-19 ( World Health Organi- 

ation 2020 ), caused by SARS-CoV-2, the first diagnostic meth- 

ds were developed to respond to the rapid transmission of 

he virus. The first published real-time reverse transcription- 

olymerase chain reaction (RT-PCR) assay to detect SARS-CoV- 

 ribonucleic acid (RNA) in human samples was developed by 

rosten and colleagues and rapidly became endorsed by the World 

ealth Organization (WHO) as the reference method to diagnose 

OVID-19 ( Corman et al ., 2020 ). This assay targets three differ- 

nt regions of the SARS-CoV-2 genome (N gene, E gene, and 
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he RNA-dependent RNA polymerase or RdRP region inside the 

rf1ab gene) as a way to minimize potential sensitivity loss due 

o the unknown genetic variability of this novel virus during the 

andemic ( Peñarrubia et al ., 2020 ). Several other public entities 

lso made their assays available to detect the RNA from SARS- 

oV2 ( US Food and Drug Administration 2020 ). Meanwhile, sev- 

ral companies started getting regulatory approval of commercial 

n vitro diagnostic (IVD) tests on the basis of RT-PCR, developed 

o detect the presence of SARS-CoV-2 RNA in human nasopha- 

yngeal fluids samples, such as nasopharyngeal swab, oropharyn- 

eal swab, or nasal aspirates. Common commercial IVD tests are 

pplied to detect and discriminate SARS-CoV-2 presence in sam- 

les from patients with and without symptoms of a respiratory 

llness. 

The QIAstat-Dx® Respiratory SARS-CoV-2 panel was one of 

he first sample-to-result syndromic testing solutions to get CE- 
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Table 1 

Primers and probe sequences used for SARS-CoV-2 quantification. 

Oligonucleotide Sequence (5’ à 3’) Length (bp) Ta ( °C) 

Amplicon size (positions in 

reference genome) 

Forward primer TCATCACGTAGTCGCAACAG 20 62.9 82 bp (28,832-28,913) 

Reverse primer CATTGCCAGCCATTCTAGCA 20 63.9 

Labeled Probe a 

CAAGAAATTCAACTCCAGGCAGCAGTA 

27 67.7 

a .- /56-FAM/CAAGAAATT/ZEN/CAACTCCAGGCAGCAGTA/3IABkFQ/ double-quenched probe.bp: base pair. 

Table 2 

Samples used for quantification and linearity studies. 

Study Sample code Source a Strain name 

Strain sequence ID 

(database) 

sample stock 

(copies/mL) b 

Quantification dsDNA_ Ngene (gBlock) IDT n/a n/a 3.78E + 13 

Clinical sample - 243 HC n/a n/a 1.4E + 07 

Linearity study Clinical sample - 12 (ancestral lineage) VdH 

c c 4.96E + 08 

Clinical sample - UK 7 (Alpha lineage) VdH hCoV-19/Spain/CT- 

HUVH-88240/2021 

EPI_ISL_954175 

(GISAID) 

9.71E + 07 

WHO international standard NIBSC England/02/2020 MW059036 (GenBank) 1.42E + 07 

a IDT: Integrated DNA Technologies (Coralville, IA, USA). HC: Hospital Clinic (Barcelona, Spain). VdH: Vall d’Hebron Hospital (Barcelona, Spain). NIBSC: Na- 

tional Institute for Biological Standards and Control (Blanche Lane, Ridge, Herts, UK), material code: 20/146. 
b Concentration of gBlock was calculated using Nanodrop and Molecular Weight of the sequence. Concentrations of clinical samples and World Health 

Organization International Standard were obtained during the Standard RT-qPCR curve optimization (sample 243) or quantification step. 
c Clinical sample 12 corresponds to a clinical sample collected at the beginning of the pandemic, corresponding to the ancestral lineage. 

Table 3 

Ct values obtained in the SARS-CoV-2 qPCR assay and quantification results for every sample tested. 

Sample name 

Dilution 

tested 

CT obtained in RT-quantitative PCR Copies/μL Final concentration 

(copies/mL) 
Replicates Mean SD Replicates Mean SD 

Clinical sample 1 1/1000 24.0 23.7 0.3 407 496 92.7 5.0E + 08 

23.8 456 

23.4 623 

Clinical sample 2 1/100 23.5 23.4 0.1 923 971 58.4 9.7E + 07 

23.4 937 

23.3 1,053 

WHO international 

standard 

1/100 27.5 27.2 0.2 114 142 20.5 1.4E + 07 

27.0 163 

27.1 1489 

Ct: cycle threshold; PCR: polymerase chain reaction; WHO: World Health Organization. 
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VD marking (catalog no. 691214) and the first syndromic solu- 

ion get emergency use authorization approval by the Food and 

rug Association (catalog no. 691223) in early 2020. The QIAstat- 

x® Respiratory SARS-CoV-2 Panel is a fully automated RT-PCR 

ultiplex assay that detects and discriminates SARS-CoV-2 and 21 

ther respiratory pathogens ( Visseaux et al ., 2020 ). Results are re- 

orted as detected/not detected, and corresponding RT-PCR cycle 

hreshold (Ct) value of every detected pathogen is included in the 

eport. 

A highly debated topic around the detection of the SARS-CoV- 

 RNA is the establishment of an interpretation criterion around 

he use of the Ct value as a proxy of viral load and how this cor-

elates with contagiousness, measured using viral culture or with 

atient outcomes, such as progression of the disease or severity 

 Rao et al ., 2020 ). The ultimate goal of these studies was to deter-

ine whether Ct value interpretation could be used to take more 

ccurate patient-management decisions, especially around cohort- 

ng, treatment and treatment efficiency, potential resistance emer- 

ences, and release of patients. Several organizations like American 

ssociation for Clinical Chemistry (AACC), the Infectious Diseases 

ociety of America, and the Association of Public Health Laborato- 

ies, Public Health England (PHE), among others have issued guide- 

ine documents on interpretation of Ct values. In general, some of 

hese guidelines discourage (AACC) ( AACC.org, 2021 ), advise cau- 
t

931 
ion (Infectious Diseases Society of America) ( Buchan, 2021 ), or 

uide on the interpretation of the Ct values (PHE) ( Public Health 

ngland 2020 ). A common conclusion from all these documents is 

hat although Ct values are not directly comparable between dif- 

erent assays, standardized clinical testing workflows using RT-PCR 

ssays are key to interpreting Ct values within those stablished 

esting layouts ( Platten et al ., 2021 ). In addition, PHE guideline sug- 

ests that even under these standardized testing workflows, inter- 

retation of Ct values for staging infectious course, prognosis, in- 

ectivity, or as an indicator of recovery should be done with con- 

ext about the clinical history. 

In this study, we aimed to study the linearity and limit of de- 

ection of the SARS-CoV-2 assay on the QIAstat-Dx® Respiratory 

ARS-CoV-2 Panel, which can help support Ct value interpretation 

hen using the QIAstat-Dx® Respiratory SARS-CoV-2 Panel to di- 

gnose patients. 

ethods and Materials 

ARS-CoV-2 Quantification Method 

rimer design 

A real-time RT-PCR assay was designed targeting the nucleopro- 

ein (N) single-copy coding gene to quantify SARS-CoV-2. Primers 
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Table 4 

Ct values obtained for the linearity test in every tested sample. 

Sample Dilution Copies/mL 

Log 10 

concentration Hit rate 

Ct values for SARS-CoV-2 

Individual replicates Mean SD 

Clinical 

sample 1 

Dil1 1.00E + 06 6.0 10/10 25.2 23.5 23.5 23.2 23.4 23.4 0.7 

23.0 23.4 23.2 22.4 23.1 

Dil2 3.16E + 05 5.5 10/10 25.5 25.1 25.7 25.6 25.0 25.0 0.5 

24.4 24.0 24.8 25.1 25.0 

Dil3 1.00E + 05 5.0 10/10 27.6 27.0 28.1 27.7 26.8 27.8 0.9 

29.9 26.9 28.3 27.9 28.2 

Dil4 3.16E + 04 4.5 10/10 30.1 28.9 29.5 29.6 29.3 29.3 0.4 

29.8 29.0 28.9 28.9 28.9 

Dil5 1.00E + 04 4.0 10/10 30.4 32.6 33.0 32.5 32.1 31.7 1.3 

29.1 30.8 31.1 33.0 32.4 

Dil6 3.16E + 03 3.5 10/10 32.3 34.2 33.5 34.9 33.7 33.9 0.9 

34.0 32.9 34.3 35.2 34.1 

Dil7 1.00E + 03 3.0 10/10 35.0 35.2 35.3 36.0 37.3 35.5 0.9 

35.8 34.3 34.4 35.6 35.9 

Dil8 3.16E + 02 2.5 8/10 37.4 Neg 36.6 36.4 35.2 36.9 1.0 

37.4 38.3 Neg 35.9 37.7 

Dil9 1.00E + 02 2.0 4/10 Neg 32.7 Neg Neg 37.9 34.9 3.0 

Neg 31.9 Neg Neg 37.1 

Clinical 

sample 2 

Dil1 1.00E + 06 6.0 10/10 24.3 24.8 24.7 24.1 24.2 24.5 0.3 

24.5 24.5 24.8 24.9 24.1 

Dil2 3.16E + 05 5.5 10/10 26.2 26.1 25.8 26.1 26.1 26.2 0.4 

26.7 26.9 25.8 25.8 26.7 

Dil3 1.00E + 05 5.0 10/10 27.6 28.2 27.7 27.9 27.5 28.0 0.4 

28.5 28.7 27.5 28.4 28.0 

Dil4 3.16E + 04 4.5 10/10 30.3 30.6 29.9 29.8 29.7 30.1 0.4 

29.7 30.0 30.1 30.3 31.0 

Dil5 1.00E + 04 4.0 10/10 30.9 32.3 32.8 31.5 32.4 32.0 0.6 

31.3 32.3 31.5 32.5 32.2 

Dil6 3.16E + 03 3.5 10/10 33.0 34.6 33.0 34.2 33.3 33.4 0.6 

33.9 33.1 33.1 33.2 32.8 

Dil7 1.00E + 03 3.0 10/10 34.6 35.8 35.4 35.5 34.3 35.4 0.6 

35.1 36.0 35.2 36.1 35.7 

Dil8 3.16E + 02 2.5 10/10 36.0 36.0 37.5 37.5 35.8 36.7 0.9 

37.6 36.1 37.4 35.2 37.7 

Dil9 1.00E + 02 2.0 6/10 Neg Neg Neg 36.5 37.6 36.8 0.8 

37.6 Neg 36.0 37.3 35.8 

WHO 

Standard 

Dil1 1.90E + 06 6.3 10/10 22.5 22.6 22.4 22.2 22.2 22.4 0.3 

22.5 21.8 22.1 22.7 22.8 

Dil2 6.00E + 05 5.8 10/10 24.3 24.3 24.3 24.2 24.1 24.0 0.3 

24.1 23.8 24.0 23.8 23.2 

Dil3 1.90E + 05 5.3 10/10 26.3 26.1 27.2 26.3 26.7 26.5 0.5 

27.0 25.6 26.3 26.6 26.4 

Dil4 6.00E + 04 4.8 10/10 28.0 27.3 27.5 27.4 27.9 27.9 0.6 

29.1 27.7 27.7 28.9 27.9 

Dil5 1.90E + 04 4.3 10/10 30.0 31.1 31.3 30.5 30.9 30.4 0.5 

30.2 30.3 29.9 30.4 29.8 

Dil6 6.00E + 03 3.8 10/10 31.7 32.3 31.9 32.6 31.3 32.2 0.5 

32.8 32.8 32.0 32.4 32.4 

Dil7 1.90E + 03 3.3 10/10 33.6 33.9 33.7 34.5 33.0 33.6 0.6 

34.3 32.9 33.4 32.9 33.8 

Dil8 6.00E + 02 2.8 10/10 35.3 35.9 34.9 35.0 35.0 35.5 0.8 

36.3 34.8 35.6 34.8 37.4 

Dil9 1.90E + 02 2.3 9/10 35.9 37.7 Neg 37.4 36.2 36.6 0.9 

35.7 37.6 35.8 37.6 35.5 

Neg: Negative result; WHO: World Health Organization. 
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ere designed to target 82-bp size fragment of the N gene us- 

ng Primer3 tool implemented in Geneious software v10.2.6 ( https: 

/www.geneious.com ). The targeted region is placed in positions 

8,832-28,913 of the 29,903-bp size reference SARS-CoV-2 genome 

sequence ID NC_045512 for GenBank and EPI_ISL_402124 for GI- 

AID). Labeled probe was designed to bind between primers with 

n annealing temperature (T a ) above the primer of the same di- 

ection to optimize PCR performance (see Table 1 ). BLASTN analy- 

is ( https://blast.ncbi.nlm.nih.gov/Blast.cgi ) analysis was run to dis- 

ount possible homologies that could produce nonspecific amplifi- 

ations in the PCR. All three oligonucleotides were ordered to In- 

egrated DNA Technologies (IDT, Coralville, IA), with FAM labeled 

nd double-quenched (ZEN/IBFQ) probe according to supplier rec- 

mmendations to improve optical performance. 
932
ample collection and DNA extraction 

A customized 300-bp size commercial dsDNA fragment (IDT, 

oralville, IA) corresponding to positions 28,723-29,022 of the ref- 

rence SARS-CoV-2 genome was used for initial RT-PCR valida- 

ion and test primers performance (see Table 2 ). This gBlock se- 

uence was resuspended in Tris-EDTA buffer 1x (SIGMA, catalog 

umber 93283-100ML) and concentration was calculated by Nan- 

drop 20 0 0C (ThermoFisher Scientific, Waltham, MA) measure us- 

ng molecular weight of the sequence. 

In addition, one representative clinical sample collected from 

 patient from Hospital Clinic (Barcelona, Spain) was used during 

he validation of the standard curve. Nucleic acid (NA) extraction 

or sample quantification was performed using automatic purifi- 

ation procedure with the QIAcube System (QIAGEN N.V., Hilden, 

https://www.geneious.com
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Table 5 

Ct values obtained for the LoD test in every tested sample. 

Sample Dilution Copies/mL 

Log 10 

concentration Hit rate 

Ct values for SARS-CoV-2 

Individual replicates Mean SD 

Clinical sample 1 LoD 1.00E + 03 3.0 20/20 34.9 30.8 35.2 37.6 35.0 35.4 1.9 

37.5 35.6 34.6 35.2 34.9 

35.7 35.6 35.7 37.6 36.7 

35.7 32.2 34.6 31.7 37.0 

High Negative 3.20E + 02 2.5 16/20 Neg 37.6 Neg 37.6 37.6 37.3 0.6 

37.7 36.8 37.5 36.1 37.1 

Neg 37.8 37.4 36.5 37.8 

37.6 37.9 35.9 37.3 Neg 

Clinical sample 2 LoD 3.20E + 02 2.5 20/20 35.7 36.7 35.8 36.9 37.0 36.8 0.8 

37.9 37.0 35.2 35.9 37.5 

37.3 35.6 37.5 37.9 36.5 

35.9 37.3 36.7 36.1 35.9 

High Negative 1.00E + 02 2.0 8/19 37.6 Neg Neg 36.7 Neg 37.1 0.7 

37.6 Neg Fail Neg 37.6 

37.5 36.2 Neg Neg Neg 

37.7 35.9 Neg Neg Neg 

WHO Standard LoD 6.00E + 02 

(3.16 Log 10 

IU/mL) 

2.8 20/20 34.8 35.0 35.3 37.5 36.7 35.6 0.9 

35.5 37.1 34.2 35.0 35.1 

36.0 35.8 36.2 35.4 34.9 

36.7 35.7 35.5 35.0 34.5 

High Negative 1.90E + 02 2.3 17/19 34.4 37.1 Neg 36.8 35.9 36.2 1.1 

36.9 37.7 Neg 37.4 37.4 

36.0 37.8 Fail 37.2 36.7 

37.2 37.7 37.7 37.7 36.4 

FAIL: QIAstat-Dx® cartridge run failed and excluded for the hit ratio calculation; LoD: limit of detection; Neg: Negative amplification; WHO: World Health Organization. 
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ermany) and a customized protocol using the reagents of QIAamp 

ador Pathogen Mini Kit (QIAGEN, catalog number 54106). 

tandard RT-qPCR curve amplification 

A SARS-CoV-2 RT-PCR assay was developed using a quantifica- 

ion standard (QS) to quantify the samples used in the study. Stan- 

ard curve for SARS-CoV-2 quantification was performed in two 

teps, according to official RT-PCR guidelines ( Hougs et al ., 2019 ; 

cEnroe, 2020 ) and reference publications ( Broeders et al ., 2014 ; 

ustin et al ., 2009 ; Forootan et al ., 2017 ). The first step included the

tandard curve construction using nine consecutive 10-fold dilu- 

ions of quantified dsDNA gBlock stock in 10 replicates by dilution 

oint, starting from 1E + 10 copies/mL. Ct values for all replicates 

ere used to establish the linear range, including those dilution 

oints with linear behavior. Linearity (R 

2 ), slope (S), and efficiency 

E) parameters were calculated, with accepted values of E = 90- 

10%; S = (-3.1)-(-3.6), and R 

2 ≥ 0.98. Limit of quantification (LoQ) 

as considered as the last detected dilution inside the linear range 

ith a coefficient of variation (CV) lower than 25% (calculated as 

D/average × 100). 

Second step included the validation of the SARS-CoV-2 RT-PCR 

inear range, and the evaluation of precision, repeatability, and re- 

roducibility of the RT-PCR assay. First, standard curve was vali- 

ated running seven of the nine initial dilution points in tripli- 

ate. For precision evaluation, standard curve was confirmed up to 

hree times in different days and by different operators. Duplicated 

A extractions from a clinical sample (ID:243, Hospital Clinic; see 

able 2 ) with unknown titer was selected and tested in four RT- 

CR replicates at three 10-fold dilution levels. Appropriate internal 

ontrols for each RT-PCR run were also added. 

In all cases, RT-PCR amplifications were conducted using 10 

eplicates in a final volume of 15 μL, containing 600 nM of each 

rimer and 300 nM of labeled probe resuspended in Tris-EDTA 

uffer 1x (SIGMA, catalog number 93283-100ML) and 1.5 mM tre- 

alose solution (SIGMA, catalog number T9531-25G), and 1.5 μL 

ustomized Master Mix including 1.2 mM dNTPs, 4 mM MgCl 2 , as 

ell as Enzscript TM reverse transcriptase and antibody mediated 

hoenix Hot Start Polymerase. Thermal cycles consisted of an ini- 

ial retrotranscriptase/denaturing step of 5 minutes at 50 °C and 30 
933 
 at 95 °C, followed by 40 two-step cycles of denaturing at 94 °C for

 seconds, and annealing-extension step at 60 °C for 21 seconds. 

egative controls were included in all RT-PCR runs to confirm that 

here was no cross-contamination. RT-PCR reactions were run us- 

ng QuantStudio TM 5 Real-Time PCR System (ThermoFisher Scien- 

ific) and analyzed in QuantStudio TM 5 Design and Analysis Soft- 

are v1.5.1., with a Threshold of 25,0 0 0. 

uantification 

A total of three representative samples were quantified for the 

inearity study: two clinical samples collected from Vall d’Hebron 

ospital (Barcelona, Spain) corresponding to different SARS-CoV-2 

ineages, together to a third sample corresponding to the first WHO 

nternational Standard for SARS-CoV-2 RNA for Nucleic acid Ampli- 

cation Technique (NAT)-based assays (Blanche Lane, Ridge, Herts, 

K) ( Table 2 ). Total NA material extraction protocol and RT-PCR 

onditions were performed of all three samples following the same 

rotocol previously described for the standard curve construction. 

n all cases, sample dilutions were amplified in a concentration 

nside the dynamic range of the standard curve. Final concentra- 

ion (copies/mL) value was calculated using the linear regression 

xtracted from the standard curve. 

inearity testing and data analysis 

All three quantified samples were prepared in ½ logarithm se- 

ial dilutions including concentrations values from 2 to 6 magni- 

ude order. Ten replicates by dilution point were run using QIAstat- 

x® Respiratory SARS-CoV-2 Panel cartridges and a QIAstat-Dx®

nalyzer system (QIAGEN, Hilden, Germany). Linear range, linearity, 

lope, and efficiency was characterized using the same parameters 

han the standard curve construction. 

Finally, sensitivity levels for all three samples was evaluated by 

alculating the Limit of detection (LoD). A total of 20 replicates 

ere tested by selected dilution point, and LoD was considered at 

he last dilution point with ≥95% of positive detection rate ( ≥19/20 

eplicates). As a final step, LoD was confirmed running High Neg- 

tive samples defined as the subsequent semi-log dilution with a 

etection ratio lower than 95%. 
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Figure 1. Linearity evaluation using QIAstat-Dx® Respiratory SARS-CoV-2 car- 

tridges. a) Clinical sample 1 representing ancestral lineage, b) Clinical sample 2 rep- 

resenting alpha lineage, c) WHO international standard. Ct: cycle threshold; WHO: 

World Health Organization. 
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ARS-CoV-2 quantification method 

The SARS-CoV-2 RT-PCR QS assay resulted in a final dynamic 

ange of 1.00E + 06 to 1.00E + 01 copies/mL presented a linearity of 

 

2 = 0.998 with a slope of -3.3 and an efficiency of 100.4%. This lin-

ar range presented a LoQ of 1.00E + 02 copies/mL. 

Precision of the assay was evaluated running a total of 3 RT- 

CR 96-well plates by different days. For Repeatability, two 96- 

ell plates (Plate 1 and 2) were run under the same testing con- 

itions on different days, and the resulted average CV% between 

lates is CV = 6.5%. For Reproducibility, two 96-well plates (Plate 1 

nd 3) were run in different instruments and by different opera- 

ors on nonconsecutive days, with an average CV% between plates 

f CV = 2.2%. 

uantification of clinical samples 

All SARS-CoV-2 clinical and analytical samples were purified, 

nd genomic material was extracted. Due to limited volume avail- 

bility, clinical samples were diluted in Universal Transport Media 

rior to purification (see Table 3 ). 

Triplicates of QS were included in a RT-PCR to set the standard 

urve along with triplicates of the sample to be quantified. Calcu- 

ation of the standard curve and the quantification of the samples 

esulted in a PCR Efficiency of 100.2%, slope of -3.3 and R 

2 of 0.999.

inal concentration (copies/mL) of the samples were obtained from 

he mean of the triplicates and applying the dilution factor of the 

urified sample (see Table 3 ). 

inearity testing 

From each sample, a total of 10 replicates of every nine semi- 

og dilutions were run with the QIAstat-Dx® Respiratory SARS- 

oV-2 Panel (see Table 4 ). For linearity evaluation, a correspond- 

ng standard curve was performed for every tested sample. In all 

ases, dilutions inside the dynamic range were included, and the 

orresponding linear correlation was calculated (see Figure 1 ). 

Finally, LoD was evaluated for the three samples, establishing 

he concentration at which ≥95% of positive detection ratio (See 

able 5 ). In order to confirm LoD, an additional dilution was tested 

ith positive detection below LoD ( Table 5 ). 

As a result, the lower detection level of the SARS-CoV-2 assay 

n the QIAstat-Dx® Respiratory SARS-CoV-2 panel is in the range 

f 100-1000 copies/mL, very close to the quantification limit of the 

ssay used to determine concentration in copies/mL. LoD was de- 

ermined to be between 316 cp/mL (UK-7 sample, Alpha lineage) 

nd 10 0 0cp/mL (sample 12, ancestral lineage). 

ISCUSSION 

In this study we show that the SARS-CoV-2 RT-PCR assay on the 

IAstat-Dx® Respiratory SARS-CoV-2 Panel has a wide linear range 

panning from 1,0 0 0,0 0 0 cp/mL to 100 cp/mL. These linearity re-

ults were obtained using both the international SARS-CoV-2 stan- 

ard material and quantified clinical samples. Additionally, here we 

eassessed the LoD for SARS-CoV-2 using same three samples rep- 

esenting diverse SARS-CoV-2 lineages, showing how the sensitiv- 

ty of the assay remains unaffected by genetic variability. 

Most criticism from relevant associations about using the RT- 

CR Ct value, as proxy of viral load and tool to support clinical de- 

isions, comes from the variability when comparing different sys- 

ems ( AACC.org, 2021 ; Public Health England 2020 ; Buchan, 2021) ). 

hese guidelines describe in detail the factors that influence the 

ariability of Ct values that go from the pre-examination factors 
934 
sampling, specimen type, transport, and storage), examination fac- 

ors (NA extraction efficiency, RT-PCR characteristics, PCR linearity, 

eproducibility), and postexamination factors (interpretation). 

In this regard, results presented in this study support the re- 

roducibility and linearity of Ct values for clinically relevant SARS- 

oV-2 concentrations (covering different variants) obtained with 

he QIAstat-Dx® Respiratory SARS-CoV-2 Panel. Sample-to-result 
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olutions like the QIAstat-Dx® SARS-CoV-2 panel, with an auto- 

ated reproducible workflow that includes NA extraction and RT- 

CR conditions within a cartridge, remove the mentioned examina- 

ion and the postexamination factors potentially introducing vari- 

bility on the Ct value obtention. This solution could facilitate the 

nterpretation of the Ct value to assess the infection phase in a pa- 

ient when doing a time-course testing in a single patient or in 

nterpatient comparison study to correlate with symptoms or out- 

omes. 

The heterogeneity on COVID-19 severity is well documented 

 Gudbjartsson et al ., 2020 ; Oran and Topol, 2020 ; Wang et al .,

020 ). Patients can have asymptomatic infections and never de- 

elop symptoms or clinical abnormalities ( Oran and Topol, 2020 ) 

r can have symptomatic infections ranging from mild to severe 

 Gudbjartsson et al ., 2020 ; Wang et al ., 2020 ). In a previous narra-

ive systematic review, authors showed the potential link between 

ARS-CoV-2 Ct value and clinical outcomes, such as us mortality or 

isease progression ( Rao et al ., 2020 ). As a general agreement dur-

ng the SARS-CoV-2 pandemic, a qualitative assessment of positive 

r negative is enough to diagnose a patient. However, the addi- 

ional information provided by a Ct value on a standardize work- 

ow in combination of the clinical history could help in making 

linical and patient-management decisions. 

Although analytical characteristics detailed in this study have 

een established after global laboratory standards as mentioned 

reviously, several limitations must be considered. First, sample 

ilutions were prepared using simulated negative matrix, and an 

mpact on sensitivity can be generated using negative clinical ma- 

rix. However, a matrix equivalency study was performed dur- 

ng the development of the QIAstat-Dx® Respiratory SARS-CoV-2 

anel, with comparable results (data not shown). Second, potential 

imitation is attributed to the selection of tested dilutions inside 

he dynamic range. Upper range was limited at 10 6 copies/mL for 

his study, and high concentrated samples placed out of the lin- 

ar range could fall outside the established linearity. An extended 

tudy covering highly concentrated samples would be needed to 

ncrease the linear range. Finally, although not a limitation of the 

tudy, pre-examination factors, such as NPS sampling variability, 

re also important to consider even when using highly automated 

latforms such as QIAstat-Dx. 

Despite those study limitations, results presented in this study 

learly show the excellent analytical characteristics of the QIAstat- 

x® Respiratory SARS-CoV-2 Panel, that in combination with the 

ase of use of a highly automatized system, creates a solid base 

o establish a standard laboratory workflow. In combination of the 

linical history of patients, the QIAstat-Dx® Respiratory SARS-CoV- 

 Panel can be a key in making a correct and useful Ct value inter-

retation to help clinical decision making. 
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