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RealAccurate Quadruplex 

SARS-CoV-2 PCR Kit

Extraction-free COVID-19 molecular diagnostics with 

PathoFinder’s RealAccurate® Quadruplex SARS-CoV-2 PCR Kit

Introduction

Coronaviruses (CoVs) affect the respiratory tracts of a wide spectrum of hosts, including birds, 

humans and other mammals. Human CoVs were first discovered in the sixties and have been circu-

lating globally and constantly in children and adults. The highly prevalent CoVs OC43, 229E, NL63 

and HKU1 are associated with common colds in immunocompetent individuals. The outbreaks of 

the severe acute respiratory syndrome coronavirus (SARS-CoV) in 2002/2003 and the Middle East 

respiratory syndrome coronavirus (MERS-CoV) in 2012 have demonstrated animal-to-human and 

human‐to‐human transmission of newly emerging CoVs, with possible fatal outcome, especially in 

patients with underlying morbidities (reviewed in [3]).

In December 2019, a cluster of patients with pneumonia was observed in Wuhan, China. Samples 

from these patients were analyzed at the Chinese Center for Disease Control and Prevention (CDC) 

using PathoFinder’s RespiFinder 2SMART (see box). No common respiratory pathogens were detect-

ed in these patients’ samples, indicating that the causative agent was a novel one [1, 2]. Subsequent-

ly, using next-generation sequencing methods, a new coronavirus was identified. Due to its high 

similarity with the abovementioned SARS-CoV, this pandemic virus was termed SARS-CoV-2. The 

disease associated with it was named COVID-19 [4]. 

PathoFinder’s RealAccurate® Quadruplex SARS-CoV-2 PCR Kit (RAQ-CoV-2, PF0971C-R) is a reliable 

and affordable choice for routine SARS-CoV-2 molecular diagnostics. A unique feature of this assay 

is its validation in combination with rapid heat-treatment of clinical samples, replacing full nucleic 

acid extraction. This paper describes key performance characteristics of this assay, its technical and 

practical advantages as compared to competitors, and provides insight into effort involved in its the 

design and development.
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Primer/probe design

Soon after announcement that the Wuhan pneumonia cluster was caused by a SARS-CoV-like virus, 

Corman et al. (Charité Berlin, Germany) set out to design a real-time PCR detection system, initially 

by using aligned SARS-CoV-related virus sequences available in the public domain. Once sequences 

of the novel virus were released on January 10th, the design was refined by selecting the primers 

and probes that matched best. These designs - detecting the envelope (E-), nucleocapsid (N-) and 

RNA-dependent RNA polymerase (RdRp-) encoding regions of the viral genome – were published 

on 23rd January 2020 [5]. Since then they have been in use in various forms in laboratories world-

wide, following recommendation by the World Health Organization (WHO). Of note, the design of 

the RdRp-specific primers and probes may be suboptimal, either due to mismatches [6, 7] or due to 

other primer/probe properties [8]. At PathoFinder we chose to follow our own procedures for primer 

and probe design. 

Once the first sequences of the novel virus became publicly available, we started to design primers 

and probes for a real-time PCR assay that would fit within our RealAccurate® Quadruplex product 

range. The N-gene of the virus was chosen as a target, because this is also the target gene used in 

our existing product PF0971-R that detects the globally circulating human CoVs 229E, NL63, OC43, 

and HKU1. In this way, cross-reactivity with these ‘common’ CoVs could be excluded.  
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In addition to the N-gene, the assay targets the RdRp-gene. The N- and RdRp-targets are detected 

with different fluorescent labels in a multiplex assay, to (i) ensure sensitive detection, (ii) allow confir-

mation of positive results at once, and (iii) decrease the risk of primer/probe mismatches following 

viral evolution. The design of the N- and RdRp-specific primers and probes was optimized in such 

a way that Ct-values for either target are nearly identical over a wide log range of virus dilutions and 

they do not outcompete each other during the PCR. This decreases the chance of equivocal assay 

results where only one target is found positive, as is often the case when multiplexing the Corman 

et al. design as competitors have done.

With novel viruses comes the uncertainty about viral genetic evolution rate. Recently, Peñarrubia 

and co-workers evaluated several SARS-CoV-2 PCR designs made in the early stages of the pandem-

ic [9] and found that nearly 26% of the genomes available in the public domain contained sequence 

variations in regions critical for primer/probe binding. 

A similar analysis of the PathoFinder RAQ-CoV-2 PCR kit design was done and showed that this assay 

is very robust against viral evolution: of the 15001 N-gene sequences retrieved from the public do-

main, 14951 (99.7%) had a complete match to both primers and the probe. In 13 sequences (0.09%), 

a single possibly critical nucleotide variation was present in the three last nucleotides from the 3’ 

end of the Reverse primer; in one sequence (0.007%) a single possibly critical mutation was present 

near the 5’ end of the Probe. For RdRp-gene 15010 sequences were retrieved, of which 14944 (99.6%) 

had a complete match to both primers and the probe. In only 1 sequence (0.007%) a single possible 

critical mutation was present (in the three last nucleotides from the 3’ end of the Reverse primer). 

Overall, these results are comparable with those found for other assays [9] and they show that the 

design is positioned in well-conserved target regions not prone to mutations.

Limit of detection

The Limit of Detection (LoD) of the RAQ-CoV-2 kit was determined using dilutions of viral genomic 

RNA obtained from American Type Culture Collection (ATCC; reference strain VR-1986D). The assay 

can detect as few as 5 copies/reaction of the N-gene and 3.6 copies/reaction of the RdRp-gene. It 

should be noted that samples contain more copies of the N-gene than of the RdRp-gene. In the 

ATCC material used in the LoD study, this was a 4.65 : 1 ratio. Most likely this is due to the unique 

transcription pattern of CoVs, during which various subgenomic messenger RNA species (smRNAs) 

are produced [10]. The N sequence, but not the RdRp sequence, is present in some of those smRNAs; 

the RdRp sequence is present only in the complete genome. A similar observation was done by 

others for the E-gene versus the RdRp-gene [11].

Hence, when expressing an LoD in genome copy number/reaction, the quantification of the RdRp 

is the most accurate representation of the genome copy number. This means that the LoD of the 

SARS-CoV-2 assay is 3.6 genome copies/reaction.
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External Quality Assessment (EQA) results

PathoFinder participated in the first Quality Control for Molecular Diagnostics (QCMD) Coronavirus 

Outbreak Preparedness EQA Pilot Study (CVOP20S) that was organized in May 2020 [12]. Results with 

the RAQ-CoV-2 assay were 100% correct for all core and educational samples. The sample with the 

lowest SARS-CoV-2 viral load (2.3 log10 copies/mL as determined by QCMD using digital PCR), for 

which the median Ct value as reported by participants was 35, was detected adequately by our 

assay. Of all entries, 86% were correct for this sample. Notably, the percentage correct entries for this 

sample from in-house assays was below 86%, and the percentage correct entries obtained with 

commercial assays on average was higher, though this varied between assays from less than 40% to 

100%. 

In June, QCMD organized another EQA round (SCV2_20_C1) in which PathoFinder participated with 

the RAQ-CoV-2 assay, and again the score was 100% correct.

 

As a mandatory part of our post-marketing surveillance, we will continue to participate in relevant 

EQA studies.

Validated instruments

The RAQ SARS-CoV-2 kit was developed with standard real-time PCR instruments in mind, that can 

detect Green, Orange and Red fluorescence. Within the scope of the IVD certificate, we validated 

LightCycler 480 II (Roche), Rotor-Gene Q (QIAGEN), CFX96 (Bio-Rad), QuantStudio 5 (ThermoFisher), 

Mic qPCR cycler (BioMolecular Systems) and MyGo Pro ESR (IT-IS Life Science). Additional instruments 

can be validated by user laboratories following their own procedures, such as those prescribed by 

ISO 15189:2012 for medical laboratories. 

High throughput: Heat treatment and 
Fast PCR protocol

Soon after the start of the COVID-19 pandemic, a disruption of global supply occurred for all kinds of 

goods, caused by rising demand, panic buying, hoarding and misuse [13]. To circumvent shortages 

in personal protection equipment (PPE), and to possibly allow SARS-CoV-2 testing in settings that 

do not have equipment to handle possible infectious materials, laboratories developed heating pro-

cedures to inactivate the virus prior to nucleic acid extraction [14]. In addition, heating procedures 

and crude lysis protocols were also used to prepare a sample for direct PCR, because of shortages 

in chemicals/reagents and disposables for nucleic acid extraction systems. Several labs validated a 

laboratory-developed COVID-19 tests for such protocols circumventing a full extraction procedure 

[15-19].

In general, these papers report somewhat lower sensitivity, specificity and accuracy of a heating 

procedure when compared to a full nucleic acid extraction procedure, but the performance is very 

much dependent on the master mix used [20], the conventional extraction method that serves as 
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a reference [17], and the viral load of the samples included in the study: studies including samples 

with Ct<32 show a better concordance between heat-treatment and conventional extraction [20] 

than studies including also samples with higher Ct-values [21, 22]. In addition, some protocols may 

require addition of other reagents such as proteinase K [18] or polyethylene glycol [19], steps that 

render the procedure more complicated.

The master mix in the RealAccurate® Quadruplex product line is highly robust against inhibiting 

substances and therefore the SARS-CoV-2 PCR kit’s performance characteristics were investigated 

in combination with a heat-treatment omitting extraction. The duration of the heat-treatment was 

optimized to ensure effective lysis of the virus without RNA degradation: 10 minutes at 99 degrees 

produced the best result. The subsequent Fast PCR protocol requires as little as 45 minutes, depend-

ing on the instrument used. In summary, sample-to-result for the first series of up to 94 samples can 

be obtained within 1 h 20 minutes. Each subsequent series of samples can be heat-treated in the 

meantime, thereby allowing results reporting at least once per hour (Figure 1). 

Figure 1. Using the heat-treatment and the Fast PCR protocol, a laboratory can conveniently perform up to nine runs of SARS-CoV-2 

PCR per instrument within regular working hours. The first series of samples requires approximately eighty minutes; each subsequent 

series can be prepared in the meantime, allowing at least hourly results reporting.

09:00

09:10

09:20

09:30

10:20

10:30

Nasopharynx Swab

Nasopharynx SwabHeat treatment

PCR Set-up

PCR Set-upPCR

Report results

Report results

PCR

Heat treatment

Samples: 0 - 94 Samples: 95 - 188

09:50

10:00

10:10

10:20

11:10

11:20

Page 5



Copyright © Pathofinder BV. All Rights Reserved

Using the heat-treatment and the Fast PCR protocol, a laboratory can conveniently perform up to 

nine runs of SARS-CoV-2 PCR per instrument within regular working hours. The first series of samples 

requires approximately eighty minutes; each subsequent series can be prepared in the meantime, 

allowing at least hourly results reporting.

Figure 2. Cp-values for the N- and RdRp-target obtained with the RealAccurate® SARS-CoV-2 PCR Kit on eSwab samples (n=17) 

extracted with NucliSENS® easyMAG® versus heat treatment. The 2nd Derivative analysis of LightCycler® 480 was used, hence weak 

signals (Cp ≥ 35) are called with Cp 35. To allow inclusion in the graph, an arbitrary Cp-value of 42 was assigned to two negative 

results; these belong to the same sample (marked yellow) which was positive for the N- and negative for the RdRp-target with easy-

MAG® and vice versa for the heat-treatment protocol.

Figure 3. Cp-values for the N- and RdRp-target obtained with the RealAccurate® SARS-CoV-2 PCR Kit on UTM samples (n=15) 

extracted with NucliSENS® easyMAG® versus heat treatment. The 2nd Derivative analysis of LightCycler® 480 was used, hence weak 

signals (Cp ≥ 35) are called with Cp 35. To allow inclusion in the graph, an arbitrary Cp-value of 42 was assigned to negative results. 

The red dot represents 4 data points from 3 samples for which the NucliSENS® easyMAG® resulted in Cp 35, yet the result was negative 

after heat treatment. Two of these samples were positive for both targets with easyMAG® extraction and for one target with heat 

treatment, hence SARS-CoV-2 was still detected; the third sample was positive for both targets with easyMAG® extraction (Cp 35) and 

negative for both targets with heat treatment, hence false negative with heat treatment. The green dots represent the N-target (left) 

and RdRp-target (right) for a sample of which easyMAG® extraction resulted in inhibition due to clotting and heat treatment gave a 

positive result.
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To test the heat-treatment protocol on real clinical material, we compared this protocol with full 

nucleic acid extraction by NucliSENS® easyMAG® (bioMérieux) using a series of swab samples sus-

pended in commonly used transport media, namely Copan eSwab™ medium (Figure 2) and Copan 

UTM (Figure 3). The easyMAG® extraction and the heat-treatment were performed on the same day, 

to avoid testing bias due to sample storage. Of the eSwab samples, all were detected with both 

methods (100% sensitivity). Of the UTM samples, one was positive for both targets with easyMAG® 

but negative for both targets with heat-treatment (sensitivity 93%). Notably, this sample had Ct35 

with easyMAG in our facilities, and was also reported to have a late Ct in the lab of origin. In general a 

good concordance of Ct-values between the two methods was obtained – in line with results found 

by others [16] –, with slightly higher Ct/Cp values with the heat-treatment protocol for these two 

transport media.

Alternative sample collection media and 
the heat treatment

Besides the abovementioned shortage in nucleic acid extraction reagents, several labs also experi-

enced long lead times for the abovementioned commonly used virus transport media. Therefore, 

the usability of two additional media was investigated, namely HiViral™ medium (EWC Diagnostics) 

and Normal Saline (NS, 0.90% w/v NaCl). For this purpose, we diluted a SARS-CoV-2 positive clinical 

sample in these media and subjected it to full nucleic acid extraction with NucliSENS® easyMAG®  

and the heat-treatment.

Ct-values and amplification curves obtained for the N- and RdRp-target were very similar between 

the NucliSens extraction and the heat treatment, for the HiViral™ medium (Figure 4), but even more 

so for the NS (Figure 5), indicating that the heat treatment is as efficient as a full nucleic acid extrac-

tion for swab samples suspended in NS.
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Figure 4. Clinical sample log-diluted in HiViral™ medium, comparing NucliSENS® easyMAG® extraction to heat treatment. Top: 

Cp-values as found on a LightCycler 480 instrument. N-gene signal in the green channel (middle) and RdRp-signal in the orange 

channel (bottom) as seen after NucliSENS® easyMAG® extraction (blue) and heat-treatment (orange).

Figure 5. Clinical sample log-diluted in Normal Saline, comparing NucliSENS® easyMAG® extraction to heat treatment. Top: Cp-val-

ues as found on a LightCycler 480 instrument. N-gene signal in the green channel (middle) and RdRp-signal in the orange channel 

(bottom) as seen after NucliSENS® easyMAG® extraction (blue) and heat-treatment (orange).
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Box: Related PathoFinder products

In regions where Middle East Respiratory Syndrome (MERS) CoV is endemic, consider the 

RealAccurate® Quadruplex Corona-plus PCR Kit (PF0971B-R) which detects not only SARS-

CoV-2 (single target) but also MERS-CoV. The continually and globally circulating human 

coronaviruses HCoV-229E, -NL63, -OC43, and -HKU1, causing respiratory infections in adults 

and children, are detected by the RealAccurate® Quadruplex Coronavirus PCR Kit PF0971-R.

For comprehensive TaqMan-based PCR to complete your high-throughput routine diagnos-

tics of respiratory viruses, PathoFinder produces the RealAccurate® Quadruplex Influenza, 

Parainfluenza, Respiratory Syncytial Virus (RSV)/hMPV and Adenovirus/Bocavirus/Rhinovirus/

Enterovirus PCR Kits.

For cost-effective medium- to high-throughput syndrome-based molecular diagnostics of 

respiratory infections, the RespiFinder 2SMART – a highly multiplexed assay detecting all 

common respiratory viruses is the most suitable application. The original version of this assay 

aided in the discovery that the cluster of severe pneumonia cases in Wuhan in December 

2019 was caused by a novel virus [1, 2]. The latest version of this kit allows SARS-CoV-2 detec-

tion, as well as MERS detection to serve endemic regions.

Conclusion

With the SARS-CoV-2 PCR Kit, PathoFinder have developed another high-quality product in the Real-

Accurate® Quadruplex product line. This sensitive assay is suitable for high-throughput routine diag-

nostics. The unique heat treatment protocol allows for faster testing, saves on nucleic acid extraction 

disposables and anticipates possible shortages in these, whilst sensitivity is largely maintained.
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