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ARTICLE INFO ABSTRACT

Keywords: Background: Ecuador was harshly impacted by COVID-19, in the region was the epicenter of the pandemic with
COVID-19 the highest mortality rates and with the lowest rates of processed samples. Real-time reverse transcription PCR
Coronavirus assays are essential to identify and manage the SARS-CoV-2 outbreak. Because of the global emergency, in
?}fﬁiﬁ;gem Ecuador several commercial kits were introduced for use without clinical validation. In this manner, having the

need to perform an evaluation with clinical samples before use for population screening.

Objective: This study aimed to evaluate the diagnostic performance of the nCoV-QS, nCoV-QM-N, nCoV-OM
detection kits lately available in Ecuador, against the LightMix E/RdRp kit using nasopharyngeal swab (NPS)
samples.

Materials and methods: 198 nasopharyngeal samples were used (66 fresh NPS and 132 RNA stored samples). All
samples were analyzed for SARS-CoV-2 with nCoV-QS, nCoV-QM-N, nCoV-OM detection kits and compared the
concordance (Cohen's Kappa index, positive percentage agreement and negative percentage agreement) to
LightMix E/RdRp as reference detection Kkit.

Results: The 198 samples presented strong concordance (96% nCoV-QM-N, 100% nCoV-OM and 100% nCoV-QS).
The individual performance of each gene showed that the nCoV-OM kit had a higher number of samples detected
with the ORF3a (52.5%) and N (53.5%) genes. The combined genes demonstrated that ORF3a/N of nCoV-OM and
nCoV-QS Kkits presented a higher percentage of detection with 52.5% and 48.5%, respectively. Finally, the
detection rate and cycle threshold were not different between ORF3a, N, and E target genes.

Conclusion: The nCoV-QS, nCoV-QM-N, and nCoV-OM Detection kits have comparable diagnostic performance to

the emergency approved LightMix E/RdRp kit for SARS-CoV-2 detection in suspected COVID-19 patients.

1. Introduction

The coronavirus disease 2019 (COVID-19) caused by the acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), is a very infectious and
highly transmissible from human to human disease [1, 2]. The World
Health Organization (WHO) declared COVID-19 as a pandemic in March
2020 since the spread of the disease affected over 18 nations [3].
Currently, more than 600 million cases confirmed and 6 million deaths
have been reported around the world [4]. In Latin America at the
beginning of the pandemic, Brazil, Chile and Ecuador were the countries
most affected by COVID-19, the increase in the number of infected and
the inefficient response in managing the pandemic caused the collapse of
their health systems [5]. As a result, Ecuador came to have the highest
mortality and excess mortality rates in the region, estimating an excess of
deaths of 171% of their expected value in a typical year [6]. Nowadays in
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Ecuador, the WHO recorded more than 900 thousand confirmed infected
people cases and over 35 thousand fatalities [7].

During the strongest stages of the pandemic, the strategies of the
Ecuadorian Ministry of Health to control the spread of the virus were
insufficient, revealing the lack of laboratories and reagents for the
diagnosis of Covid-19. Between February-March 2020, Ecuador only had
21 laboratories authorized to process SARS-CoV-2 samples in 8 of the 24
provinces [8]. These problems contribute to underestimating the number
of positive patient since the fact that there is a delay in the processing due
to the excess of samples and also a delay in the reporting of results [9].

Real-time reverse transcription-polymerase chain reaction (rRT-PCR) is
the gold standard technique for COVID-19 diagnosis, because of its ability
to detect specifically viral genomes with high sensitivity [10, 11]. For the
international healthy emergency, the U.S. Food and Drug Administration
(FDA) has approved the uses of various rRT-PCR assays developed in
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laboratories of several countries [12]. These commercial kits are targeting
SARS-CoV-2 genes such as nucleocapsid (N), envelope (E), and
RNA-dependent RNA-polymerase (RdRp) [13, 14]. However, given the
increase in the number of infected people, the shortage of reagents and the
difficulty of importing these kits, new rRT-PCR assays targeting genes of
accessory proteins like open reading frame 3a (ORF3a) of the virus, had
been introduced and currently are available [15]. In fact in Ecuador, of the
35 kits with authorization for diagnosis of SARS-CoV-2 by the Ecuadorian
regulatory entity—ARCSA, only 10 have been tested and they are included
in the list of emergency authorization use by the FDA [16].

In this way, it is necessary to verify the efficiency of any kit to avoid
both false positive and negative results [17]. This study aimed to evaluate
the diagnostic performance of the nCoV-QS, nCoV-QM-N, nCoV-OM
detection kits lately available in Ecuador, against the LightMix E/RdRp
kit (FDA approved) using nasopharyngeal swab (NPS) samples. Knowing
that one of the best methods to minimize the transmission of the virus is
the early diagnosis of the disease, this study will provide the necessary
information on the efficiency of these kits in clinical samples.

2. Materials and Methods
2.1. Clinical samples
Inthisstudy, 198 viral RNA samplesisolated from NPSwere used. 66 fresh

NPS samples from people with suspected COVID-19 were selected for SARS-
CoV-2 RNA detection. The remaining 132 samples were stored at -80 °C and
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consisted of 66 positives and 66 negatives previously diagnosed samples.
These viral RNAs were obtained from the RNA biobank of the Research
Institute in Biomedicine at the Central University of Ecuador (INBIOMED-
UCE). For the nCoV-QM-NKkit, 28 samples were discarded, nine RNA samples
were invalid because amplification of internal control and viral target genes
were not detected and 19 RNA samples were not carried out rRT-PCR due to
insufficient volume of RNA and kit reagents. Therefore, only 170 RNA sam-
ples were included in the statistical analysis with nCoV-QM-N kit (Figure 1).

2.2. Nucleic acid extraction

The RNAs in the 66 NPS samples were extracted using the Nucleic Acid
Extraction kit (Magnetic bead method) (Zybio, China) following the manu-
facturer's instructions. This kit works with a semi-automatic instrument
where the magnetic beads in the kit have specific polymeric groups of
adsorbed nucleicacid (DNA/RNA) on the surface. Briefly, 15 uL of proteinase
K and 200 uL of the NPS sample were pipetted into each 16-well plate. The
viral RNA is separated from the magnetic beads by changing the liquid phase
conditions using 50 uL of elution buffer [18]. Finally, the samples were stored
at -20 °C until use in the following 8 h at maximum. The 132 RNAs stored
samples were extracted using the same methodology and extraction kit.

2.3. rRT-PCR for SARS-CoV-2 RNA detection

nCoV-QS, nCoV-QM-N, and nCoV-OM Detection Kits (MiCo BioMed,
Korea) were used. All kits detect ORF3a and N viral target regions. The
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Figure 1. Summary of the methodology using in this study.
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nCoV-QM-N and nCoV-OM detection kits were designed to perform
reverse transcription and detection of target genes in a multiplex assay,
while the nCoV-QS kit determines each gene separately. The kits were
used following the manufacturer's instructions adding the exogenous
control gene into the rRT-PCR master mix [15]. LightMix SarbecoV
E-gene plus EAV control, LightMix Modular SARS-CoV-2 (COVID-19)
RdRp with One-Step RT-PCR Polymerase Mix 5x Lyophilized (TIB Mol-
biol, Germany) were used as a reference kit. All reactions were carried
out according to the manufacturer's instructions. For the E gene, the
exogenous internal control was added to the rRT-PCR mix [19, 20]. The
PCR specifications and conditions for each kit are detailed in Table 1.

The nCoV-QS and nCoV-QM-N Kkits are designed to load the sample
onto a special PCR plate (LabChip) and specifically run with the Veri-Q
PCR 316-QD-P100 device (MiCo BioMed, Korea) [21]. CFX-96 instru-
ment (BioRad Laboratories, USA) was used for nCoV-OM and LightMix
E/RdRp. For all kits, the samples were diagnosed as positive for
SARS-CoV-2 when at least one viral gene had a valid Ct value according
to the recommendations by WHO [22].

2.4. Statistical analysis

The Cohen's Kappa index, positive percentage agreement (PPA), and
negative percentage agreement (NPA) were used to evaluate the
concordance between nCoV-QS, nCoV-QM-N, nCoV-OM Kkits against the
LightMix E/RdRp kit (Figure 1). Additionally, Pearson's chi-squared test
and Kruskall-Wallis test with Dunn's multiple comparisons test were used
to compare the performance of the assays and Cycle threshold (Ct)
values. SPSS software version 23 (IBM) and Graph Pad Prism 9 (San
Diego, CA) was used for the statistical analysis.

3. Results

Overall, 198 RNA samples were evaluated in this study. First, the
global diagnostic of each sample was evaluated, that is, positive or
negative result. Of all the samples tested, the LightMix E/RdRp kit
diagnosed 99 samples as positive. The nCoV-OM and nCoV-QS kits
detected the same number of positive samples showing a PPA of 100%. In
addition, seven and five samples were detected as positive with nCoV-
OM and nCoV-QS, respectively but negative with the reference kit. For
this reason of the 99 samples diagnosed as negative with the reference
kit, the percentage of concordance was 92.9% for nCoV-OM and 94.9%
for nCoV-QS. For the nCoV-QM-N kit, the 170 RNA samples showed PPA
= 96.3% and NPA = 94.3%. Three samples were detected as negative
with nCoV-QM-N but positive with the reference kit. On the other hand,
five samples were positive with nCoV-QM-N but negative with the
reference kit. All kits presented Cohen's Kappa values >0.9 (Table 2).
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Table 2. Diagnosis performance of SARS-CoV-2 rRT-PCR detection kits and
Nucleic Acid Extraction kit (Magnetic bead method).

PPA NPA Kappa
nCoV-OM 100.0(99/99) 92.9(92/99) 0.93
nCoV-QS 100.0(99/99) 94.9(94/99) 0.95
nCoV-QM-N 96.3(79/82) 94.3(83/88) 0.91

Value in parenthesis represents the number of positives/total number of true
positives or the number of negatives/total number of true negatives. Abbrevia-
tions: PPA = Positive Percentage Agreement, NPA = Negative Percentage
Agreement, Kappa = Cohen's Kappa Index.

The individual detection capacity for each gene was verified. The
lowest detection percentage was observed in E (47%) and RdRp (49%)
genes belonging to the reference kit. The nCoV-OM kit had a higher
number of samples detected with the ORF3a (52.5%) and N (53.5%)
genes. By analyzing the combined genes of each kit, ORF3a/N genes of
the nCoV-OM and nCoV-QS kits presented a higher percentage of
detection with 52.5% and 48.5%, respectively. The E/RdRp genes
showed 46% detection only above the nCoV-QM-N kit genes with 45.3%
(Table 3).

Regarding to the Ct values. In none of the three kits evaluated, there
were no significant differences between median Ct values of ORF3a, N,
and E target genes. Nevertheless, the median Ct value of LightMix RdRp
kit (Ct = 27.57) was significantly higher than nCoV-QS ORF3a and N (Ct
= 23.35, 22.17, respectively), nCoV-QM-N ORF3a and N (Ct = 23.08 and
22.35, respectively), nCoV-OM ORF3a and N (Ct = 23.67, 22.44,
respectively) and LightMix E (Ct = 23.85) assays (Figure 2).

4. Discussion

Ecuador is one of the South American countries most affected by the
COVID-19 pandemic. The mathematical estimates projected the number
of infected that the country could have if efficient government strategies
were not carried out to stop the transmission of the disease [23]. Inter-
national experience has shown that early diagnosis is the best approach
to contain the spread of the virus. However in Ecuador the national
average time for case completion was estimated in 3 days and 12.1% of
samples took more than 10 days to complete [9].

Due to the health emergency, several kits have been approved for use
but without validation with clinical samples. In this way, each laboratory
has the obligation to evaluate each kit to ensure the diagnostic utility in
the general screening of the population [24]. Thus, this study chose the
nCoV-QS, nCoV-QM-N and nCoV-OM kits because they are recently
available kits in Ecuador. Unlike other studies where evaluations are

Table 1. rRT-PCR parameters of the kits used for SARS-CoV-2 RNA detection.

Kit name, manufacturer PCR Equipment Target Genes Final reaction volume(uL) Volume of RNA Termocycler setup Cut off, LoD
added per test (uL)
nCoV-QS, Veri-Q PCR ORF3a, 10 (only 8uL was loaded 3 50 °C x 5 min, 95 °C x 8 <40,
MiCo BioMed 316-QD-P100 N in each LabChip channel) sec, 45 cycles of 95 °C x 9 ORF3a = 5.4 copies/Rx
sec, 56 °C x 13 sec N = 12.7 copies/Rx
nCoV-QM-N, MiCo BioMed Veri-Q PCR ORF3a, 10 (only 8uL was loaded 5 50°C x 10 min, 95°C x 3 <40,
316-QD-P100 N in each LabChip channel) min, 45 cycles of 95 °C x ORF3a = 11.5 copies/Rx
9 sec, 58 °C x 30 sec N = 8.0 copies/Rx
nCoV-OM, CFX-96 ORF3a, 20 8 50°C x 10 min, 95°C x 3 <40,
MiCo BioMed N min, 45 cycles of 95 °C x ORF3a = 6.0 copies/Rx
9 sec, 58 °C x 30 sec N = 10.1 copies/Rx
LightMix SarbecoV E-gene CFX-96 E 20 5 55°C x 3min, 95 °C x 30 <36,
plus EAV control, TIB Molbiol sec, 45 cycles of 95 °C x 3 E = 5.2 copies/Rx
sec, 60 °C x 12 sec
LightMix Modular CFX-96 RdRp 20 5 55 °C x 5min, 95 °C x 5 <40,

SARS-CoV-2 (COVID-19)
RdRp, TIB Molbiol

min, 45 cycles of 95 °C x
5 sec, 60 °C x 15 sec, 72
°C x 15 sec

RdRp = 10.6 copies/Rx
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Table 3. Comparative performance of samples that amplified with each gene.

E RdRp E, RdRp

LightMix SarbecoV E-gene plus
EAV control, LightMix Modular
SARS-CoV-2 (COVID-19) RdRp

93/198 (47.0%) 97/198 (49.0%)

91/198 (46.0%)

ORF3a N ORF3a,N
nCoV-OM 104/198 (52.5%) 106/198 (53.5%) 104/198 (52.5%)
nCoV-QS 100/198 (50.5%) 100/198 (50.5%) 96/198 (48.5%)
nCoV-QM-N 80/170 (47.1%) 81/170 (47.6%) 77/170 (45.3%)

Values represent the percentage of No. of positive test results/No. of specimens (%).

performed with reference kits that have the same target genes [25]. The
performance of these three kits was compared to the LightMix E/RdRp
kit. The choice of this kit was due to the fact that the sequence of the
primers of the E and RdRp target genes were the same provided by
Corman, et al. These sequences of primers were widely used as the gold
standard in the detection of SARS-CoV-2 [26, 27]. In this manner, our
study prioritized and verified if the global diagnosis of a sample (positive
or negative result) had the same results even when the target genes of the
tested kits were ORF3a and N.

The results revealed a positive agreement of 100% (nCoV-OM and
nCoV-QS) and 96.3% (nCoV-QM-N). The NPA results showed values of
92.9%, 94.9% and 94.3% with nCoV-OM, nCoV-QS and nCoV-QM-N,
respectively. And the degree of concordance of the findings between
the tested kits and the LightMix E/RdRp kit was strong (Kappa index =
0.93 nCoV-OM, 0.95 nCoV-QS, 0.91 nCoV-QM-N). The evaluations made
with the LightMix E/RdRp kits has proven to have a high sensitivity to
detect viral RNA in NPS samples [28, 29]. Our findings showed the
detection rate of ORF3a and N in positive samples was equivalent to E
and RdRp. Also, there were no differences in the median Ct values of
ORF3a, N, and E genes suggesting high sensitivity.

Although the results revealed a diagnostic probability of a false pos-
itive lower than 8% with all the Kkits, it is necessary to carry out an
evaluation of the kits using a greater number of samples. A limitation of
this study was the lack of a three way of comparison using a reference
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Figure 2. Comparison of the Ct values of the three SARS-CoV-2 rRT-PCR Kkits in
this study. The numbers above the lines indicate the P values.

standard kit could be useful to clarify the discrepancies of the results [30,
31]. Nonetheless, the slightly differences in the count of positive cases
detected by ORF3a and N genes in the nCoV-OM kit could be explained
by the eluate volume of RNA and the difference of the limit of detection
(LoD) of each kit.

Moreover, because the samples come from a population screening,
the possible phase of infection of each person may vary. For this reason,
the target abundance in the sample might be the explanation for the
difference in the median Ct values between ORF3a, N, and RdRp. The
expression rates of the N gene are slightly higher than RdRp since its
function in viral assembly and its presence in subgenomic RNA [32, 33,
34, 35]. This assumption could be applied to the ORF3a gene given its
functions in viral release through lysosomal trafficking [36].

5. Conclusion

The rapid spread of the disease around the world made the diagnosis
a tool to stop the increase of COVID-19 cases. The imminent evolution of
the pandemic forced the development and evaluation of performance of
several rRT-PCR kit targeted to SARS-CoV-2. In this study, we determined
that the nCoV-QS, nCoV-QM-N, and nCoV-OM detection kits have com-
parable SARS-CoV-2 diagnostic performance in patients with suspected
COVID-19 to the emergency approved LightMix E/RdRp kit. In this way,
these kits can be used for population screening that will allow timely
management of new cases, improving epidemiological fences and
avoiding the collapse of the health system.
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