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Abstract: The emergence of SARS-CoV-2 mutations pose significant challenges to diagnostic tests as these
mutations can reduce the sensitivity of commonly used RT-PCR assays. Therefore, there is a need to design
diagnostic assays with multiple targets to enhance sensitivity. In this study, we identified a novel diagnostic
target, nsp10 gene, using nanopore sequencing. Firstly, we determined the analytical sensitivity and specificity
of our COVID-19-nsp10 assay. The COVID-19-nsp10 assay had the limit of detection of 74 copies/mL (95%
confidence interval: 48-299 copies/mL) and did not show cross-reactivity with other respiratory viruses. Next,
we determined the diagnostic performance of the COVID-19-nsp10 assay using 261 respiratory specimens,
including 147 SARS-CoV-2-positive specimens belonging to ancestral strain and Alpha, Beta, Gamma, Delta,
Mu, Eta, Kappa, Theta and Omicron lineages. Using the LightMix E-gene RT-PCR assay as the reference
method, the diagnostic sensitivity and specificity of the COVID-19-nsp10 assay were 100%. The median Cp
values for the LightMix E-gene RT-PCR and our COVID-19-nsp10 RT-PCR were 22.48 (range: 12.95-36.60) and
25.94 (range 16.37-36.87), respectively. The Cp values of the COVID-19-nsp10 RT-PCR assay correlated well
with those of the LightMix E-gene RT-PCR assay (Spearman’s ¢ = 0.968; P<0.0001). In conclusion, nsp10 is a
suitable target for SARS-CoV-2 RT-PCR assay.
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1. Introduction

In late December 2019, a novel coronavirus, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was first identified in patients with pneumonia in Wuhan, China [1]. At that time,
most patients infected with SARS-CoV-2 typically experienced symptoms such as fever, cough,
dyspnea, myalgia, and show radiological findings of ground-glass lung opacities consistent with
atypical pneumonia [2-4]. However, there have also been documented cases of asymptomatic or mild
presentations [5-10]. SARS-CoV-2 is highly contagious and can easily spread from person to person,
leading to its rapid global dissemination [11-15]. This virus has caused the coronavirus disease 2019
(COVID-19) pandemic since 2020, resulting in a significant global morbidity and mortality, with
nearly 7 million deaths reported [16]. Following the relaxation of the control measures, such as mask
wearing and social distancing, the detection rates of common respiratory viruses, including SARS-
CoV-2, have increased worldwide since 2023. RNA viruses, like SARS-CoV-2, are more prone to
mutations compared to DNA viruses due to the lack of proofreading ability of their RNA-dependent-
RNA-polymerase (RdRp) [17]. These factors will increase the likelihood of mutations in viral RNA
genomes. Consequently, mismatches between virus genes and PCR primers/probe may occur

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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frequently. As reported in various publications, mutations in the primer or probe binding sites can
impact the sensitivity of RT-PCR assays, leading to the occurrence of false-negative results [18-21].
To minimize such occurrences, it is crucial to design molecular diagnostic assays with multiple gene
targets and search for a novel real-time RT-PCR target located in a conserved region of the genome.
A timely and accurate diagnosis can significantly aid in facilitating appropriate antiviral treatment
and implementing effective infection control measures.

In our previous studies, we have successfully identified various abundantly expressed gene
targets, including polymerase basic 2 (PB2) and nonstructural (NS) genes for influenza A virus, as
well as nonstructural protein 1 (nspl) and nsp8 genes for SARS-CoV-2 detection, using nanopore
sequencing [22-24]. The diagnostic performance of these assays was comparable to other validated
in-house or commercial RT-PCR assays. In the present study, we identified a novel highly expressed
gene target, nsp10, using the same strategy for the development of a highly sensitive and specific RT-
PCR assay for COVID-19 diagnosis. In contrast to our previous gene targets (nspl and nsp8) of SARS-
CoV-2, nsp10 was found to be highly conserved when compared to other genes. A study published
in 2023 examined the prevalence of the most common mutation in each gene within the SARS-CoV-
2 genome. The finding revealed that the prevalence of the most common mutation in nsp10 was
found to be 0.16%, while the prevalence of the most common mutations in nsp1 and nsp8 were 8.01%
and 0.7% respectively [25]. Therefore, the conserved nature of the nsp10 gene reduces the likelihood
of primer-binding site mutations. We describe the evaluation of the in-house developed COVID-19-
nspl0 RT-PCR assay using clinical specimens and external quality assessment (EQA) samples.

2. Results

2.1. Design of a novel COVID-19 real-time RT-PCR assay targeting the nsp10 gene of SARS-CoV-2

In this study, we observed a high expression of the nsp10 gene of SARS-CoV-2 in 49 clinical
specimens, as revealed by nanopore whole-genome sequencing with the nanopore protocol for PCR
tiling of COVID-19 (PTC_9096_v109_revH_06Feb2020). Among all the genes in the SARS-CoV-2
genome, the nsp10 gene had the highest coverage (Figure 1). Also, despite the high expression of
nspl0 in the clinical specimens, the large variances in the normalized coverages highlighted the
importance of having different diagnostics targets for RT-PCR assays (Figure 1). Out of the 49
patients, 29 of them (59.2%) had a higher coverage in nsp10 compared to nspl. The patient with the
highest normalized nsp10 coverage had a coverage that was 56.8% higher than nsp1, while the patient
with the lowest normalized nsp10 coverage had a coverage that was 63.7% lower than nspl. As for
nsp8, 42 out of 49 patients (85.7%) had a higher coverage in nsp10 compared to nsp8. The patient
with the largest difference in coverage between nsp10 and nsp8 had a nsp10 coverage that was 3.7
times higher than the nsp8 coverage, while one of the patient’s nsp8 could not be sequenced.
Therefore, we designed primers and probe targeting the nsp10 gene as a novel target for our in-house
developed RT-PCR assay (Table 1). The multiple sequence alignment demonstrated that the target
sites of our nsp10 primers and probe were well conserved among different variants (ancestral strain,
Alpha, Beta, Gamma, Delta, Epsilon, Zeta, Eta, Theta, Iota, Kappa, Lambda, Mu and Omicron
[including JN.1]) (Figure 2).
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Figure 1. The normalized coverages of different genes in the SARS-CoV-2 genome from 49 whole
genome sequenced clinical specimens. The coverage of each gene was calculated by averaging the
number of reads mapped to each position of the same gene. The coverage of the NSP1 gene was used
to normalize the coverages of the other genes and the desired region for comparison. The Y-axis
represents the normalized coverage and the X-axis shows the genes.

Table 1. Primer and probe used in this study.

Primer/probe! Sequence (5’- 3") Position?
nCoV_nspl0-F TGGTGCATCGTGTTGTCTGT 13231-13250
nCoV_nsp10-R CCACAGGGTCATTAGCACAA 13330-13349

nCoV_nspl0-probe FAM- CTGCCGTTGCCACATAGATCAT -IABKFQ 13252-13273
1'F, forward primer; R, reverse primer. 2 Primer and probe position corresponding to the genome sequence of
SARS-CoV-2 isolate Wuhan-Hu-1 (GenBank: NC_045512.2).

[Rncestral NC 045512.2 TGGTG!
\lpha EPI ISL 3547094
&lpha EPI ISL 11256669 |--
lAlpha EPI ISL 11520713 |-.
Beta EPI ISL 4648928
Beta EPI ISL 5053750 |.-
Beta EPI ISL 12045322 |--
Gamma EPI ISL 1965692
Gamma EPI ISL 98068185 |.-
Gamma EPI ISL 10631767 |..
Delta EPI ISL 10880057 |..
Delta EPI ISL 12266885 |--
Delta EPT ISL 12015364 |..
Epsilon EPI ISL 2887416 |..
Epsilon EPI ISL 1873%600 |--
Epsilon EPI ISL 3776579
Zeta EPI ISL 1198821 |..
Zeta EPI ISL 18426450 |-
Zeta EPT ISL 17544000 |-
Eta EPT ISL 16347671 |--
Eta EPI ISL 18120597 |..
Eta EPI ISL 2740636
Theta EPI ISL 2423558
Theta EPT ISL 2501733
Theta EPI ISL 12448597 |..
Tota EPI ISL 17577493 |--
Tota EPT ISL 18017084 |--
Iota EPI ISL 13857894 |--
Rappa EPI ISL 16347668 |--
Rappa EPT ISL 3777162 |-
Rappa EPI ISL 12388136 |--
Lambda EPI ISL 3076712
Lambda EPI ISL 8874883
Lambda EPI ISL 4475841

Mu EPI ISL 2933815

[Mu EPI ISL 8367942

Mu EPI ISL $763527
Omicron BA.1 EPI ISL 8880082 |..
Omicron BA.2 EPI ISL 11413841 |..
omicron BA.3 EPI ISL 12197863 |--
Omicron BA.4 EPI ISL 12256369 |--
Omicron BA.5 EPI ISL 12251587 |..
Omicron XBB EPI ISL 18743678 |--
Omicron JN.1 EPI ISL 18652540 |--
nCoV nspl0-F

nCoV nsplO-probe

nCoV_nsplO-R¥

* Reverse complement

Figure 2. Multiple sequence alignment using our primer and probe sequences and the nsp10 gene
sequences of SARS-CoV-2 variants from different geographical regions.
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2.2. Analytical Sensitivity and Specificity of the COVID-19-nsp10 Real-Time RT-PCR Assay

To determine the analytical sensitivity of the in-house developed COVID-19-nsp10 RT-PCR
assay, the limit of detection (LOD) was evaluated by using two-fold serial dilutions of a total nucleic
acid (TNA) extracted from the SARS-CoV-2 Q control 01 and tested in quadruplicate in two
independent runs. The LOD of the COVID-19-nsp10 RT-PCR assay was 74 copies/mL (95%CI 48 - 299
copies/mL) by probit analysis (Table 2).

To determine the analytical specificity of the COVID-19-nsp10 RT-PCR assay, we tested TNA of
human coronaviruses SARS-CoV-1, Middle East Respiratory Syndrome coronavirus (MERS-CoV),
HCoV-0OC43, HCoV-HKU1, HCoV-229E, HCoV-NL63, and other common respiratory viruses
including influenza A viruses (HIN1)pdm09 and H3N2), influenza B virus, influenza C virus,
respiratory syncytial virus, human metapneumovirus, parainfluenza virus types 1 -4, rhinovirus and
adenovirus. Our in-house developed COVID-19-nsp10 RT-PCR assay showed no cross reaction with
these respiratory viruses.

Table 2. Test results for determining the limit of detection of the in-house developed COVID-19-
nsp10 RT-PCR assay with TNA extracted from a Qnostics SARS-CoV-2 Q Control 01.

Concentration Cp (Intra-run) Cp (Inter-run)
(copies/mL)
Test 1 Test 2 Test 3 Test 4 Test 1 Test2  Test3 Test4
500 36.31 35.62 36.49 36.25 35.92 35.35 3586  35.25
250 37.09 36.65 37.02 37.01 36.85 35.68 36.07  36.59
125 38.07 38.73 37.78 36.94 37.17 37.14 36.76  37.17
62.5 37.23 38.66 38.13 - 37.92 37.2 3671  39.12
313 - 40 - 40 38.48 38.39 - 37.68
15.6 - - - - 38.56 - - -
NTC - - - - - - - -

Cp, crossing point; NTC, no template control; -, not detected.

2.3. Diagnostic Performance of the COVID-19-nsp10 Assay for SARS-CoV-2 Detection

To assess the diagnostic performance of our in-house developed COVID-19-nsp10 real-time RT-
PCR assay, a total of 261 respiratory specimens from suspected COVID-19 patients were subjected to
SARS-CoV-2 detection. Among these 261 clinical specimens collected during 2020-2023, 147 (56.3%)
were tested positive for SARS-CoV-2 by both the in-house developed COVID-19-nsp10 RT-PCR (Cp
range: 16.37 — 36.87) and the commercial LightMix E-gene RT-PCR (Cp range: 12.95 - 36.60). A good
agreement in performance of the in-house COVID-19-nsp10 RT-PCR assay compared to the LightMix
E-gene RT-PCR assay was revealed by a strong correlation (Spearman’s o = 0.968; P < 0.0001) (Figure
3). The median Cp value of the COVID-19-nsp10 RT-PCR assay (25.94) was significantly higher than
that of the LightMix E-gene RT-PCR assay (22.48; P < 0.0001) (Figure 4). Using the LightMix E-gene
RT-PCR assay as the reference method, the diagnostic sensitivity and specificity of the COVID-19-
nspl0 RT-PCR assay were 100% (Table 3). The lineages of SARS-CoV-2 in the 147 positive specimens
were identified by nanopore sequencing, sequencing results showed that the isolates belonged to a
broad range of variants including ancestral strain, Alpha, Beta, Gamma, Delta, Mu, Eta, Kappa, Theta
and Omicron variants. Among six EQA samples from the College of American Pathologists (CAP),
both assays gave 100% correct results.

doi:10.20944/preprints202402.1094.v1



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 February 2024 d0i:10.20944/preprints202402.1094.v1

40-

304

20+

Cp (COVID-19-nsp10 assay)

1 1 1 1
0 10 20 30 40
Cp (LightMix E-gene assay)

Figure 3. Correlation of the Cp values of the samples found positive for SARS-CoV-2 by the in-house
COVID-19-nsp10 assay and the LightMix E-gene assay.
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Figure 4. Comparison of the Cp values of the COVID-19-nsp10 and LightMix E-gene assays. ****
indicates P < 0.0001.

Table 3. Diagnostic performance of the in-house developed COVID-19-nsp10 assay compared to the
LightMix E-gene RT-PCR assay for SARS-CoV-2 detection using clinical specimens.

LightMix E-gene RT-

Molecular assay PCR

K 1 o J
Positive  Negative appa value (95% McNemar’s

CI)t test
COVID-19-
nsp10
real-time RT- Positive 147 0 1.00 (1.00-1.00) P=1.000

PCR
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Negative 0 114

1 CI, confident interval.

3. Discussion

In this study, we developed a real-time RT-PCR assay targeting the nsp10 gene of SARS-CoV-2
for COVID-19 diagnosis. Given the ongoing emergence of new variants with mutations scattered
across the viral genome [26-30], it is advisable to design primers and probe that target different genes
to ensure accurate detection of these variants. In December 2023, the World Health Organization
classified the recently emerged JN.1 as variant of interest (VOI) following its rapid spread in multiple
countries [31]. The identification of a newly emerged variant further highlights the need for robust
diagnostic assays that can detect various SARS-CoV-2 strains. While the N gene of SARS-CoV-2 is
commonly used as a target for COVID-19 nucleic acid amplification tests, instances of N gene target
failure have been reported [32,33]. Hence, it is crucial to identify alternative conserved target genes
for SARS-CoV-2 detection. The nsp10 gene was found to be highly expressed in clinical specimens
and conserved among different SARS-CoV-2 variants and different genes [25], further supporting its
potential as an attractive target for SARS-CoV-2 detection. Different from the nspl and N genes, the
nspl0 gene is located near the center of the genome in the ORF1ab region. During the life cycle of the
SARS-CoV-2 virus, nspl0 is essential for replicating and proofreading viral RNA [34]. The
conservation of nsp10 is likely due to its importance in the viral life cycle and the need to maintain
its interaction with RdRp. Notably, structural analysis by Wang et al showed that nsp10 has limited
room for conformational changes, which also contributed to the conserved nature of the nspl10
protein [35]. In the present study, we also observed a high variability in the expression of different
genes within the SARS-CoV-2 genome. This finding reemphasizes the importance of having multiple
targets for real-time RT-PCR assays.

Our COVID-19-nsp10 assay has demonstrated high sensitivity and specificity in detecting all
evaluated variants, including the recently emerged Omicron variants XBB and JN.1. The in-house
developed COVID-19-nspl0 assay exhibits a high sensitivity, with the LOD below 100 copies/mL,
and it does not show any cross-reactivity with other common respiratory viruses. When compared
to the validated LightMix E-gene assay as the reference method, our COVID-19-nsp10 assay showed
comparable diagnostic performance, with 100% diagnostic sensitivity and specificity using clinical
specimens. The median Cp value of the in-house developed COVID-19-nsp10 assay was found to be
significantly higher than the commercial LightMix E-gene assay. This difference in Cp values may be
attributed to several factors, such as the lower volume of sample extract used in the in-house assay
compared to the E-gene assay, as well as potential variations in PCR reagents and thermal cycling
conditions between the two assays. However, despite this discrepancy, there was no significant
difference in the diagnostic sensitivity between the two assays. In addition, the Cp values obtained
from both the COVID-19-nsp10 and LightMix E-gene assays exhibited excellent correlation. We
further evaluated the performance of our COVID-19-nsp10 assay and the LightMix E-gene assay
using EQA samples from the CAP. Both assays performed well, reaffirming their accuracy and
reliability in detecting SARS-CoV-2. These findings indicate that our in-house COVID-19-nsp10
assay, along with the LightMix E-gene assay, demonstrate excellent diagnostic performance for the
detection of SARS-CoV-2 RNA.

In addition to the analytical and diagnostic performance, the turnaround time (TAT) and cost
are essential factors to consider when selecting diagnostic assays, particularly in the context of a
pandemic where there is a high volume of clinical specimens from patients with suspected COVID-
19. Regarding the TAT, both the COVID-19-nsp10 and E-gene assays had the same sample-to-extract
time since the same extraction method was used, while the PCR running time of the E-gene assay (42
min) was shorter compared to our in-house COVID-19-nsp10 assay (72 min). In terms of cost,
considering the expenses associated with PCR reagents and primers/probes, our in-house COVID-
19-nsp10 assay (US $2 per reaction) proved to be significantly more cost-effective compared to the
LightMix E-gene assay (US $10 per reaction). For clinical laboratories with the necessary expertise in
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the developing in-house assays, utilizing in-house developed tests can result in substantial cost
savings, particularly when managing a large number of samples during a pandemic.

There is a limitation in this study. Due to the limited amount of clinical specimens for each
patient, we were not able to classify each sample into groups of different expression level of different
genes by sequencing and then compare the sensitivity of different RT-PCR assays. Therefore, an
interesting direction for future projects would be to evaluate the sensitivity of different assays given
different expression level of the genes.

In conclusion, a low-cost, sensitive, specific and reliable real-time RT-PCR assay targeting the
nspl0 gene of SARS-CoV-2 was successfully developed for COVID-19 diagnosis. Next Generation
Sequencing is a valuable tool for identifying suitable gene targets for molecular test development by
analyzing the expression of each gene.

4. Materials and Methods

4.1. Viruses, clinical specimens and EQA samples for evaluation

For analytical sensitivity evaluation, two-fold serial dilutions of TNA extracted from the SARS-
CoV-2 Q control 01 (Qnostics, Glasgow, UK) were used. For analytical specificity evaluation, TNA
extracted from a clinical specimen positive for human coronavirus HCoV-HKU1 and 17 culture
isolates of other human coronaviruses (SARS-CoV-1, MERS-CoV, HCoV-229E, HCoV-NL63, HCoV-
OC43) and respiratory viruses (influenza A viruses — pdm09 HIN1 and H3, influenza B virus,
influenza C virus, respiratory syncytial virus, human metapneumovirus, parainfluenza virus types 1
— 4, thinovirus and adenovirus) were used [36]. For diagnostic performance evaluation, 261 clinical
specimens including nasopharyngeal aspirate, nasopharyngeal swab, throat swab or posterior
oropharyngeal saliva collected from hospitalized patients (male : female = 119 : 142; median age: 69
years; range: 3 months — 106 years) with suspected COVID-19 were included for SARS-CoV-2
detection. Among these 261 specimens collected between 2020 and 2023, 17 were from year 2020, 65
were from year 2021, 16 were from year 2022 and 163 were from year 2023. The specimens positive
for SARS-CoV-2 were subjected to lineage identification by nanopore sequencing. In addition to
clinical specimens, six EQA samples from the CAP in year 2023 with various concentrations of SARS-
CoV-2 or negative for SARS-CoV-2 were evaluated.

4.2. Whole genome sequencing of SARS-CoV-2

Whole genome sequencing was performed using the Oxford Nanopore MinlON device (Oxford
Nanopore Technologies, Oxford, UK). Library preparation was performed following the Nanopore
protocol - PCR tiling of COVID-19 (Version: PTC_9096_v109_revH_06Feb2020) according to the
manufacturer’s instructions with minor modifications (Oxford Nanopore Technologies) as we
described previously [37]. Briefly, extracted RNA was first reverse transcribed to cDNA using
SuperScriptTM IV reverse transcriptase (ThermoFisher Scientific, MA, USA). PCR amplification was
then performed using hCoV-2019/nCoV-2019 Version 3 Amplicon Set or hCoV-2019/nCoV-2019
Version 4.1 Amplicon Set (Integrated DNA Technologies, 1A, USA) with the Q5® Hot Start High-
Fidelity 2X Master Mix kit (New England Biolabs, MA, USA) according to the Nanopore protocol.
PCR products were purified with 1x AMPure XP beads (Beckman Coulter, CA, USA) and quantified
using Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific). The purified PCR products were then
normalized for end-prep and native barcode ligation reactions according to the PCR tiling of COVID-
19 virus protocol with Native Barcoding Expansion 96 (EXP-NBD196, Oxford Nanopore
Technologies). Barcoded libraries were then pooled, purified with 0.4x AMPure XP beads and then
quantified using Qubit dsSDNA HS Assay Kit. Purified pooled libraries were ligated to sequencing
adapters and sequenced with the Oxford Nanopore MinION device using R9.4.1 flow cells for 24-48
hours.

doi:10.20944/preprints202402.1094.v1
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4.3. In-silico analysis

The raw reads from the sequenced 49 clinical specimens were quality checked. The sequencing
primers were removed by trimming the extreme ends of each reads. They were then mapped to the
SARS-CoV-2 ancestral strain (GenBank accession number: NC_045512.2) using the Medaka software
[38]. The BAM files of the corresponding specimens were extracted and indexed for further analysis.
The pysamstats module was used to extract the coverage of each position of each specimen across
the whole SARS-CoV-2 genome [39]. The coverage of each gene was calculated by taking the average
coverage of the bases located in different genes. The nucleotide coordinates of each gene were
extracted from the National Center for Biotechnology Information (NCBI). The coverage of each gene
was then normalized by the coverage of the nspl gene. Then, the normalized coverage of each gene
is exported as a CSV file. The bar chart is created using PRISM v10.0.2.

Primers and probe targeting the nsp10 gene region of SARS-CoV-2 for in-house developed RT-
PCR assay were designed and tested. Multiple sequence alignment was performed by ClustalX
version 2.1 program using our primer/probe sequences and the nsp10 gene sequences of SARS-CoV-
2 variants from different countries or geographical regions [40]. The SARS-CoV-2 ancestral strain
sequence (GenBank accession number: NC_045512.2) and the sequences of other SARS-CoV-2
variants were retrieved from the Global Initiative on Sharing All Influenza Data (GISAID) EpiCoV
database or the NCBI GenBank database.

4.4. Nucleic acid extraction

MagNA Pure 96 extraction system (Roche, Basel, Switzerland) was used for total nucleic acid
extraction according to manufacturer’s instructions as we described previously [24]. In brief, 200 pL
of each sample was mixed with 250 uL of MagNA Pure External Lysis Buffer (Roche), which contains
a chaotropic salt and a detergent to lyse cells and release nucleic acid. The lysed sample was then
loaded onto the MagNA Pure 96 instrument, which automatically performs the extraction protocol,
including binding, washing, and elution steps. The extracted TNA was then recovered in 50 uL of
elution buffer and stored at -80 °C until required for further use.

4.5. Real-time RT-PCR assays for SARS-CoV-2 detection

The in-house developed COVID-19-nspl0 real-time RT-PCR assay for SARS-CoV-2 RNA
detection was performed using the QuantiNova Probe RT-PCR Kit (QIAGEN, Hilden, Germany).
Each 20 pL reaction mixture contained 10 pL of 2x QuantiNova Probe RT-PCR Master Mix, 1.2 uL of
nuclease-free water, 0.2 pL of QN Probe RT-Mix, 1.6 pL of each 10 uM forward and reverse primer,
0.4 pL of 10 uM probe (Table 1), and 5 puL of TNA. RT-PCR was performed using LightCycler 480 II
Real-Time PCR System (Roche). The thermal cycling condition consisted of 45°C for 10 min and 95°C
for 5 min, followed by 45 cycles of 95°C for 5 sec and 55°C for 30 sec. Positive and negative controls
were included in all runs to monitor assay performance.

The commercial LightMix E-gene kit for SARS-CoV-2 detection (TIB Molbiol, Berlin, Germany),
along with LightCycler Multiplex RNA Virus Master (Roche), was used as the reference assay in this
study. Briefly, each 20 pL reaction mixture contained 5.4 pL of nuclease-free water, 4 uL of Roche RT-
qPCR Reaction Mix, 0.5 uL of TIB Molbiol primer/probe reagent mix, 0.1 uL of Roche RT Enzyme
Solution, and 10 uL of TNA. The E-gene RT-PCR was performed using LightCycler 480 II real-time
PCR system (Roche). The thermal cycling condition consisted of 55 °C for 3 min and 95°C for 30 sec,
followed by 45 cycles of 95 °C for 3 sec and 60°C for 12 sec [24].

4.6. Statistical analysis

The kappa statistic was used to determine the agreement between the in-house developed RT-
PCR assay and the reference RT-PCR assay. McNemar’s test was used to compare the performance
of the in-house RT-PCR assay with the reference RT-PCR assay. Spearman’s correlation analysis was
used to assess the relationship between the Cp values of the two real-time RT-PCR assays performed
in this study. The Cp values obtained from the two real-time RT-PCR assays were compared using
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Wilcoxon signed-rank test. P < 0.05 was considered statistically significant. All statistical analyses
were performed using the software GraphPad Prism 10 or IBM SPSS Statistics 27.
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