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The reverse transcription polymerase chain reaction (RT-PCR) is considered the

gold standard method for the detection of viruses in a clinic. The aim of this

study was to compare the ability of conventional RT-PCR test (FTDTM SARS-

CoV-2 Test) and laboratory-developed ultra-fast PCR test (NextGenPCRTM

SARS-CoV-2 RT-PCR Reagent Kit) to detect the coronavirus SARS-CoV-

2 causing COVID-19. A total of 318 nasopharyngeal swab specimens were

collected from people under investigation for COVID-19. Despite the collection

of two swab specimens from each patient and their different processing, the

analysis showed an overall agreement of 95.9% between the conventional and

laboratory-developed tests. The positive percentage agreement was 90.5%

(114/126) and the negative percentage agreement was 99.5% (191/192). The

ultra-fast NextGenPCR method does not require the isolation of RNA, provides

a result of 20–96 specimens within 57–82 min after sampling, and offers a

simple procedure of sample processing, analysis, and evaluation. Our results

indicate that this method can be considered a potential diagnostic method for

the detection of SARS-CoV-2 virus in hospitals, healthcare facilities, and

research laboratories.

KEYWORDS

SARS-CoV-2, RT PCR, NextGenPCR, detection, time course

Introduction

Coronaviruses represent a large group of RNA viruses capable of infecting humans

and animals. Of the seven known types of human coronaviruses, four types (229E, NL63,

OC43, and KHU1) are common and cause mild to moderate respiratory infections, like

the common cold. Coronaviruses SARS-CoV (Severe Acute Respiratory Syndrome

coronavirus) and MERS-CoV (Middle East Respiratory Syndrome coronavirus) are

known as agents of severe respiratory infections SARS and MERS. The newest

coronavirus, SARS-CoV-2, first emerged in the Chinese city of Wuhan in December

2019. The virus is highly contagious and causes mild to severe respiratory symptoms.
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Since its discovery, SARS-CoV-2 spread worldwide and caused a

global pandemic. The infectious respiratory disease caused by

this virus was named COVID-19 (Coronavirus disease 2019)

(Chen et al., 2020; Araf et al., 2021; Kesheh et al., 2022).

Laboratory testing of the SARS-CoV-2 virus is essential for

the appropriate clinical management and effective control

measures to reduce transmission in the community. Multiple

diagnostic platforms are available, with reverse transcription

polymerase chain reaction being presented as the method with

high sensitivity, specificity, and a short time interval of virus

detection. Nasopharyngeal swabs are considered the gold

standard sample type for SARS-CoV-2 diagnostic testing

(World Health Organization, 2020; Centers for Disease

Control and Prevention, 2021).

Various real-time RT-PCR assays have been developed

worldwide, with different genes or regions of the viral genome,

most commonly directed at the spike (S), envelope (E), and

nucleocapsid (N) genes, or at one or more open reading frames

including ORF1a andORF1b. The aim of this study was to compare

the ability of conventional RT-PCR test (FTDTM SARS-CoV-2 Test)

and laboratory-developed ultra-fast NextGenPCR test (MBS, The

Netherlands) to detect the coronavirus SARS-CoV-2 in clinical

specimens. For this purpose, a total of 318 nasopharyngeal swab

specimens from patients with suspected COVID-19 were analyzed.

Nasopharyngeal swabs were dissolved in Liquid Amies Transport

Medium, heat-inactivated, and 4 µL of medium without requiring

RNA extraction was used in direct RT-PCR protocol using

NextGenPCR ultra-fast thermocycler in order to detect specific

sequences of SARS-CoV-2 virus. It follows from the mentioned

results that a laboratory-developed ultra-fast NextGenPCR test has

potential as a diagnostic method for the detection of SARS-CoV-

2 virus in hospitals, healthcare facilities, and research laboratories.

Methods

Clinical samples

For the comparison of two RT-PCR tests, 318 people under

investigation for COVID-19 disease were included in this study.

Of them, 143 (45%) were men and 175 (55%) women. The age of

the patients was in the range from 16 to 92 years. There were 40

(12.6%) patients in the age group of 16–30 years, 87 (27.4%)

patients in the age group of 31–50 years, 135 (42.5%) patients in

the age group of 51–70 years, and 56 (17.6%) patients in the age

group over 71 years.

We collected two nasopharyngeal swab specimens from each

patient using Σ-Transwab® nasopharyngeal swabs (Copan

Diagnostics, Italy) and transferred them to a microtube

containing 2 mL Liquid Amies Transport Medium (#52000,

MBS, Netherlands) for the laboratory-developed ultra-fast PCR

and with 2 mL InActiv Blue Transport Medium for the

conventional FTD SARS-CoV-2 test. Specimens were collected at

the mobile collection point of the Louis Pasteur University Hospital

(Košice, Slovakia) between August andDecember 2022 and tested at

the Department of Medical and Clinical Microbiology (DMCM) of

the Pavol Jozef Šafárik University (Košice, Slovakia) within 48 h of

collection. They were held refrigerated at 4°C if all testing could not

be completed on the same day. Microtubes containing swabs in

Liquid Amies medium were heat-inactivated at 100°C for 10 min,

and 4 µL of the medium after cooling was used in a direct RT-PCR

test. A total of 650 µL of InActive Blue medium containing the swab

was taken for RNA extraction with the Versant SP 1.0 kit (Siemens

Healthineers) on Versant kPCR Molecular System (Siemens

Healthineers). The total eluate volume was 100 µL. For the

conventional RT-PCR test, 10 µL of eluate was used.

Conventional RT-PCR test

By the FTDTM SARS-CoV-2 test, conserved sequences within

ORF1ab and N genes of SARS-CoV-2 virus are amplified.

Oligonucleotide probes labeled with FAM-89 (fluorescein

amidites) are used in this test to detect SARS-CoV-2 gene

sequences and a Cy5-labeled oligonucleotide probe to detect a

sequence in the genome of equine arteritis virus (EAV). The EAV

serves as an internal control (IC) in this test. The IC is extracted,

processed, and amplified simultaneously with each sample to

monitor the extraction process and to allow the identification of

PCR inhibition. The negative control (nuclease free H2O) is

processed as a sample (extraction and RT-PCR) to confirm the

absence of contamination. The FTD TM SARS-CoV-2 kit contains a

positive control (double-stranded synthetic DNA), which is added

to each RT-PCR run to monitor the process of RT-PCR and the

performance of the primers and probes. The analysis was done

according to the manufacturer´s instructions. The reaction mixture

with a total volume of 25 μL consisted of 10 µL of nucleic acid and

15 μL of RT PCR master mix (12.5 μL 2x RT PCR Buffer, 1.5 μL

Primer/probe mix and 1 μL 25x RT-PCR Enzyme). RT-PCR was

performed in a thermocycler Applied Biosystems 7500 Real-Time

PCR System (Thermo Fisher Scientific). The thermal cycling

program of conventional RT-PCR test is described in Table 1.

The results were evaluated and reported as a cycle threshold (CT)

value according to the manufacturer’s instructions (CT

value ≤36.4 represented a positive and CT >36.4 a negative result).

TABLE 1 Thermal cycling programof conventional RT-PCR test (FTDTM

SARS-CoV-2 test).

Program step Cycle no. Temperature (°C) Time

Reverse transcription 1 50 15 min

Pre-denaturation 94 1 min

Denaturation 40 94 8 s

Annealing, elongation 60 1 min
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NextGenPCR direct RT-PCR test

Three target sequences are amplified bymultiplex RT-PCR in

direct RT-PCR test. The presence of SARS-CoV-2 gRNA and

human gDNA material in specimen is determined. For detection

of SARS-CoV-2 N1 and ORF1ab gene sequences, FAM-89

labelled (fluorescein amidites) oligonucleotide probes and for

detection of a sequence in the human RPP30 gene, Cy5-labeled

oligonucleotide probes are used. As an internal control, primers/

probes specific for RPP30 are used in the reaction in order to

confirm absence of PCR inhibition and indicate the presence of

human genomic material. A total volume of 20 μL of the reaction

mixture included 4 μL of sample and 16 μL of RT-PCR master

mix (10 μL RT-PCR Chemistry 2x, 1.6 μL SARS-CoV-2/

hRNaseP Primers and Probes and 4.4 μL nuclease-free H2O).

For confirmation of RT-PCR, positive control (Human Positive

Control material) and negative control (nuclease free H2O) from

the SARS-CoV-2 RT-PCR Reagent Kit (#50007, MBS,

Netherlands) were included in each RT-PCR run. After

pipetting, the microplate was covered with a transparent Clear

Heat Seal (MBS, Netherlands), heat-sealed in a NextGenPCR

Semiautomatic Heat Sealer (MBS, Netherlands) and transferred

to a NextGenPCR Thermal Cycler (MBS, Netherlands) for PCR

reaction. The RT-PCR program is described in the Table 2. After

completion of PCR reaction, the sealed microplate was analysed

using a FLUOstar Omega Microplate Reader (BMG Labtech,

Germany). The fluorescence readout results were exported to

Excel, visualized and analyzed.

Results

Description of the results for conventional RT-
PCR and NextGenPCR direct RT-PCR test

Nasopharyngeal swab specimens from 318 unique patients were

included in this study. 175 (55%) patients were women, 143 (45%)

were men and the mean patient age was 53.9 years. The

conventional RT-PCR test detecting ORF1ab, and N gene

sequences was used to determine the clinical sensitivity and

specificity of the laboratory-developed NextGenPCR direct RT-

PCR test. The first nasopharyngeal swab was transferred to a

microtube with InActiv Blue Transport Medium and always used

in conventional FTD SARS-CoV-2 test while the second swab with

Liquid Amies Transport Medium was always used in NextGenPCR.

There were 114 (35.8%) specimens in which SARS-CoV-

2 gene sequences were detected by both tests (conventional RT-

PCR and NextGenPCR). A total of 191 (60.1%) specimens were

tested negative. The remaining 13 specimens gave discordant

results, 12 (3.8%) specimens were positive in conventional RT-

PCR and negative in NextGenPCR, one (0.3%) specimen was

negative in conventional RT-PCR and positive in NextGenPCR.

Agreement scores of both tests are described in Table 3.

For 126 positive specimens with conventional RT-PCR, the

obtained CT values ranged from 11 to 34 (median = 21.1). Of them,

12 specimens gave a negative result with NextGenPCR. The CT

values of these specimens ranged from 28 to 33 (median = 30.7).

The remaining 112 concordant specimens exhibited CT values

from 11 to 34 (median = 20.3). Comparison CT values of positive

specimens of conventional RT-PCR and fluorescence levels of

NextGenPCR direct RT-PCR test are shown in Figure 1.

According to the Pearson Correlation Coefficient test the r-value

is −0.7311. This is a moderate negative correlation, which means

there is a tendency for high X variable scores (CT value) to go with

low Y variable scores (Fluorescence) and vice versa. A negative

result with conventional RT-PCR and a positive result with

NextGenPCR test was determined in one specimen. From the

mentioned results it follows that the clinical sensitivity (positive

percentage agreement) was 90.5% (114/126) and the clinical

specificity (negative percentage agreement) 99.5% (191/192).

Description of the time course for conventional
RT-PCR and NextGenPCR direct RT-PCR test

The total time of conventional RT-PCR ranged from 209 to

399 min, depending on the number of tested specimens. In the

monitored period, 20–96 specimens were processed per run. The

TABLE 2 Thermal cycling program of NextGenPCR direct RT-PCR test.

Program step Cycle no. Temperature (°C) Time

Reverse transcription 1 50 5 min

Pre-denaturation 98 1 min

Initial denaturation 5 98 10 s

Initial annealing 60 20 s

Initial elongation 72 3 s

Denaturation 45 98 5 s

Annealing 60 12 s

Elongation 72 3 s

TABLE 3 Agreement scores between NextGenPCR direct RT-PCR and
conventional RT-PCR analyses.

Conventional RT-PCR

Positive Negative

Count % Count %

NextGenPCR Positive 114 35.8 1 0.3

Negative 12 3.8 191 60.1

Total 126 39.6 192 60.4
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DMCM laboratory processed specimens of patients hospitalized

at Louis Pasteur University Hospital and outpatients whose

nasopharyngeal swabs were performed at the mobile collection

point. The first step of this procedure was pipetting collected

specimens into special extraction tubes and centrifugation. The

time interval of this step varied from 20 to 45 min. The minimum

time for RNA extraction with Versant kPCR Molecular System

was 80 min (20 samples) and the maximum time was 220 min

(96 samples including PC and NC). Preparation of the plate for

RT-PCR with 20 specimens took 10 min while preparation of a

full plate took 45 min. The time course of RT-PCR was 89 min

and evaluation 10–20 min.

The total time of NextGenPCR direct RT-PCR ranged from

57 to 82 min, depending on the number of tested specimens. The

DMCM laboratory processed specimens from the mobile

collection point only. In the monitored period,

4–21 specimens were processed per run. One full plate was

also prepared to determine the total time for this method.

Specimens were first inactivated for 10 min. Steps such as

pipetting, centrifugation, and extraction were not required.

The time of the plate preparation and evaluation of results

was identical to the conventional qPCR and the time of RT

PCR was 27 min. The time course of all steps for both methods is

described in detail in Figure 2.

Discussion

Rapid, reliable, and accurate detection of SARS-CoV-2 virus

plays an essential role in the appropriate management of patients,

limiting the outbreak of infection and understanding the

epidemiology of the virus. Current laboratory tests primarily

focus on amplifying and detecting several specific sequences of

the virus genome in upper respiratory tract specimens. The

results of several studies (Astuti and srafil, 2020; Shen et al.,

2021) indicate that ORF1ab and N genes are key targets in the

detection of SARS-CoV-2. ORF1ab (RNA-dependent RNA

polymerase) is responsible for viral transcription and

translation (Astuti and srafil, 2020). The N protein is

abundantly produced by infected cells and plays a role in

their apoptosis and in viral replication, translation, and

transcription (Tai et al., 2020). This study compares two

amplification methods using multiple primer/probe pairs

directed at the SARS-CoV-2 N and ORF1ab gene sequences

in a single reaction mixture. The advantage of such methods is

the simultaneous detection of different targets in one reaction. In

the presence of the target, primers and probes hybridize to the

specific sequence and allow amplification by the polymerase.

Both amplicons contribute to the fluorescent signal generated in

the specimen and lead to an increased signal amplitude generated

for N and ORF1ab targets.

In our cohort, a total of 318 nasopharyngeal swab specimens

were tested by two RT-PCR tests. Of them, 13 specimens

exhibited discordant results, 12 were positive with

conventional RT-PCR and negative with NextGenPCR, one

was negative with conventional RT-PCR and positive with

NextGenPCR test. The reason for these different results may

be the double collection of nasopharyngeal swabs from the

patient as the second swab may not always be carried out as

thoroughly. We consider this to be the limitation of our study.

The concentration factor is different in both tests and this may

cause discrepancies between the test outcomes as well. In FTD

SARS-CoV-2 test, the volume 650 µL of InActiv Blue Transport

Medium for RNA extraction is required. In NextGenPCR test,

FIGURE 1
Comparison of NextGenPCR direct RT-PCR test and conventional RT-PCR test. Fluorescence levels detected by NextGenPCR direct RT-PCR
test show a linear correlation with CT values of specimens determined by conventional RT-PCR as positive. The Y-axis represents measured
fluorescence levels x 103.
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the volume 4 µL of the heat-inactivated medium after cooling is

required (Struijk et al., 2023).

The heat inactivation procedure was introduced in RT-PCR

techniques in order to lyse epithelial cells. This process may have

a negative effect on virus detection and reduce the sensitivity of

the technique as described by several authors (Burton et al., 2021;

Cameron et al., 2021; Domnich et al., 2021). In this study,

discordance between compared tests was observed in

12 specimens with CT values ≥ 28 while specimens with CT

˂28 were identified correctly. Domnich et al. (2021) compared the

sensitivity of conventional extraction-based, heated extraction-

free, and unheated extraction-free RT-PCR methods for SARS-

CoV-2 detection in 98 nasopharyngeal swabs from symptomatic

individuals. All these specimens were positive in the conventional

RT-PCR test. Of them, 8.2% of swabs gave negative results with

the heated extraction-free method and clinical sensitivity (91.8%)

was comparable to our NextGenPCR method (90.5%). They

found discordant results in specimens with CT >30. Cameron

et al. (2021) observed the sensitivity of the heated extraction-free

method in specimens with CT ≤25.
The routine laboratory testing process of the RT-PCR

technique in order to determine SARS-CoV-2 virus takes a

few hours. In the case of the FTDTM SARS-CoV-2 test used in

our study it is 3.5–6.7 h. Many clinical laboratories isolate RNA

using various high-throughput robotics and in this way can

reduce the total time of testing process to 2.5–3.5 h compared

to our conventional test. The average processing time of a heated

extraction-free NextGenPCR test is 57–82 min. In the study of

Domnich et al. (2021) the average processing times were 270,

163, and 156 min for the conventional extraction-based, heated

extraction-free, and unheated extraction-free RT-PCR methods,

respectively. Moore et al. (2020) compared the ability of two

conventional RT-PCR tests and a laboratory-developed RT-PCR

test with RNA extraction to identify the SARS-CoV-2 virus in

200 nasopharyngeal swab specimens. In their research, one swab

was collected from each patient. The laboratory-developed

isothermal test targeted the RdRP gene, was the easiest to

perform, and provided a result in the shortest time (not

determined exactly), but overall agreement with a value of

83.5% for positive as well as negative, agreement scores were

lower than in our research.

In addition to detecting SARS-CoV-2, the ultra-fast

NextGenPCR method has already been used to identify E. coli

in urine by molecular analysis of phylogenetic groups (A, B1, B2,

D, F, clade V) and three genes specific for uropathogenic E. coli.

In this application, PCR amplification takes 16 min and

significantly reduces the time required for pathogen

identification (Brons et al., 2020). From this point of view the

ultra-fast NextGenPCR method with a novel thermal cycler

developed for this purpose can be used to analyze the gene

sequences of multiple organisms, not only viruses and bacteria.

Conclusion

In our study, ORF1ab and N gene sequences of SARS-CoV-

2 virus were analyzed by two RT-PCR tests, laboratory-developed

NextGenPCR and conventional RT-PCR test. The obtained data

FIGURE 2
Time course of conventional RT-PCR and NextGenPCR direct RT-PCR test.
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showed that NextGenPCR detected correctly 95.9% of clinical

specimens. The positive percentage agreement reached a value

90.5% and the negative percentage agreement was 99.5%. In

addition to the promising results, important benefits of

NextGenPCR method with a novel thermal cycler include a

simple procedure of sample processing, analysis, and

evaluation, the use of a heat-inactivated medium containing

a nasopharyngeal swab specimen, and a significant time saving

for pathogen identification compared to a conventional RT-

PCR test. This method has the potential to be used in the

routine clinical diagnostics of gene sequences of various

organisms.
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