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Abstract

Background: The persistence of the rapid spread of the COVID-19 pandemic
is linked to the appearance of several variants of SARS-CoV2 with an impact
on biological diagnosis, treatment and vaccination. The United States Food
and Drug Administration (FDA) has granted several SARS-CoV-2 detection
tests Emergency Use Authorization (EUA) for diagnosis and better epidemiolog-
ical surveillance. Thus, multiple RT-PCR tests have been developed and brought
to market in order to meet the urgent need for the diagnosis of COVID-19.
However, comparative data between these tests in clinical laboratories are scarce-
ly available to assess their performance. Objective: To compare two molecular
methods for detecting SARS-CoV-2: the RT-PCR, Allplex™ 2019-nCoV tests
on CFX96 Bio-Rad and the Abbott m2000sp/rt RealTime SARS-CoV-2. Mate-
rials and Methods: Nasopharyngeal and oropharyngeal swabs were taken from
patients to diagnose SARS-CoV-2 infection. For each sample, we searched for the
virus with two different RT-PCR tests: 1) first on Abbott m2000 SARS-CoV-2
targeting the N and RdRp genes, 2) then on Allplex™ 2019-nCoV Assay look-
ing for the E, N and RdRp genes. Results: Percentages of the agreement were
calculated. A total of 100 samples that tested negative and 90 positives on Abbott
m2000 SARS-CoV-2 were retested on Allplex™ 2019-nCoV. Overall agreement
was 74.74% on all samples. The specific agreement was 84% and 64.4% respec-
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tively for negative and positive samples with the RealTime SARS-CoV-2 test.
A positive correlation (r* = 0.63; p < 0.0001) was found between the two tests
associated with a kappa coefficient of 0.5, thus demonstrating an acceptable
concordance between the two methods. However, 48 samples gave discordant
results, in particular those whose Ct (Cycle threshold) was high (low viremia).
A comparison by Cts found that concordance was higher for lower Cts (high
viremia) which would indicate the acute phase of the disease. Note that our
study revealed a possible cross-reaction with the E gene of a Sarbecovirus. It
is a subgenus of Betacoronavirus grouping coronaviruses linked to severe
acute respiratory syndromes such as SARS-CoV and SARS-CoV-2. Conclu-
sion: Our results showed good overall agreement between RT-PCR, Allplex™
2019-nCoV and Abbott RealTime SARS-CoV-2 tests in the diagnosis of
COVID-19. As the concordance is low for small viremias, the RT-PCR Allplex™
2019-nCoV Assay would be better indicated during the acute and symptomatic
phase of the disease.

Keywords

SARS-CoV-2, COVID-19, Diagnostics, RT-PCR, Abbott RealTime,
Seegene-Allplex

1. Introduction

The World Health Organization (WHO) was alerted for the first time to an epi-
sode of clustered cases of pneumonia of unknown etiology in Wuhan, People’s
Republic of China, on December 31, 2019 [1]. The Coronavirus Disease 2019
(COVID-19), which is caused by Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2), has since spread worldwide and is thus a major burden
for society [2]. The clinical picture of SARS-CoV-2 infection is very broad and
can range from asymptomatic infection to severe forms of infection including
Acute Respiratory Distress Syndrome (ARDS) (WHO, 2020). Coronaviruses are
enveloped positive single-stranded RNA viruses, classified into four genera (al-
pha and beta infecting humans, delta and gamma infecting animals, particularly
bats and rodents). The SARS-CoV-2 virus belongs to the S-coronaviruses. It is a
spherical and enveloped virus whose diameter varies between 60 and 140 nm [3]
and which encodes four essential viral structural proteins, in particular proteins
S, E, M and N. The latter interferes with the host’s immune response. Being an
RNA virus, mutations are frequent and can generate variants of interest that al-
low SARS-CoV-2 to continue its spread despite the immunization of the popula-
tion [4]. In recent months, variants of concern such as Alpha (first identified in
the UK), Beta (originally identified in South Africa), Gamma in Brazil, Delta in
India [4] or more recently the Omicron variant (first identified in Botswana) [5]
have been identified. The latter has the highest number of mutations among the

variants of concern [6]. These mutations, mainly protein, can have an impact on
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the contagiousness, the effectiveness of vaccines, the severity of the disease or
even the virological diagnosis [7]. Therefore, it would be essential to update the
molecular tests for SARS-CoV-2 because the probes initially designed at the start
of the pandemic no longer hybridize with the target genes.

In addition, the rapid and precise identification of this pathogenic virus plays
an essential role in the rapid implementation of appropriate therapies and in li-
miting the rate of spread of this disease. It is, therefore, important to have rapid
and reliable screening tests for SARS-CoV-2 that will make it possible to track
and contain the disease. The Polymerase Chain Reaction (PCR) is considered a
reference test for the molecular diagnosis of viral and bacterial infections, with
high sensitivity and specificity [8]. Regarding SARS-CoV-2, most of the genes
targeted by these tests are the E envelope, N nucleocapsid, RARp RNA-dependent
RNA polymerase and S glycoprotein genes. The CoV genome has a variable
number of Open Reading Frames (ORFs). Two-thirds of the viral RNA located
mainly in the first ORF (ORFla/b), codes for two polyproteins, ppla and pplb
giving a total of 16 Non-Structural Proteins (NSPs). The rest of the virus genome
encodes four essential structural proteins, including glycoprotein Spike (S), Envelope
protein (E), Matrix protein (M) and Nucleocapsid (N), as well as several accessory
proteins, that influence the host’s immune response [9]. The first quantitative
test for the detection of SARS-CoV-2 was the RT-PCR validated in January
2020 by the WHO [10]. As of March 2020, several SARS-CoV-2 detection tests
have received Emergency Use Authorization (EUA) from the United States
Food and Drug Administration (FDA) [11]. Many commercial kits have thus
become available, such as the Abbott RealTime SARS-CoV-2 test (Abbott Mole-
cular, Plains, IL) and the Allplex™ 2019-nCoV Assay molecular test, but their per-
formance has not yet been thoroughly evaluated by an independent party [2].

An effective fight against the COVID-19 pandemic necessarily involves the use
of reliable tests with high sensitivity and specificity to limit or even avoid incor-
rect diagnoses, false negatives in particular. For this reason, the evaluation of di-
agnostic tests is of paramount importance and it is within this framework that
our work falls.

Here, we present a comparative study between two molecular methods for the
detection of SARS-CoV-2: the Abbott RealTime SARS-CoV-2 Assays (Des Plaines,
IL) and Allplex™ 2019-nCoV (Seegene, Seoul, South Korea). The objective of this
study was to comparatively determine their analytical and clinical performance
for the detection of SARS-CoV-2.

2. Materials and Methods
2.1. Study Population

A total of 190 patients were tested for molecular diagnosis (RT-PCR) of SARS-
CoV-2 at the molecular biology laboratory of the Armed Forces AIDS Pro-
gram at the Ouakam Military Hospital (HMO) Dakar, Senegal, from Febru-

ary to September 2021. No distinction has been made according to age and
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gender.

2.2. Samples

Specimens has been collected by nasal and oropharyngeal swabs. Two swabs has
been collected per patient: 1) first a pharyngeal swab by placing it respectively
against the back wall of the throat and pressing 2 to 3 times against the dorsal
wall of the pharynx; 2) then a nasal swab. Both 2 swabs have been discharged
into viral transport media. After nucleic acid extraction, molecular testing on the
Abbott m2000sp/rt platform has been performed on the nucleic acid extract. The
rest of the samples were stored at —80°C for subsequent performance of the
Bio-rad CFX 96™ real-time PCR test after extraction on Zymo RNA kit™. The
performance of the techniques has been evaluated by testing 100 negatives and

90 positives already tested on Abbott.

2.3. Molecular Tests

2.3.1. Abbott RealTime SARS-CoV-2

This assay has been designed for the qualitative detection of SARS-CoV-2 nucle-
ic acid using the Abbott m2000rt/sp automated system. This test targets two
genes: RdRp and N (Figure 1). An Internal Control (IC), an RNA sequence not
associated with the SARS-CoV-2 target, had been introduced into each sample at
the start of the extraction. It was co-amplified with the target RNA by RT-PCR,
thus validating the procedure for each sample. A sample volume of 0.5 ml was
extracted and an eluate volume of 40 ul was used for RT-PCR according to the

protocol provided by the manufacturer (https://www.abbott.com).

2.3.2. Allplex™ 2019-nCoV

1) RNA Extraction and Nanodrop Lite Assay

Viral RNA extraction was performed using the Zymo RNA kit™ Research,
USA, https://www.zymoresearch.com/ extraction kit according to the manufac-

turer’s protocol. The viral RNA thus extracted is analyzed using the NanoDrop™
in order to know its concentration and purity before being stored at —20°C or
amplified directly using the Allplex™ 2019-nCoV Assay.

2) Allplex™ 2019-nCoV Molecular Test on Bio-Rad CFX96™ Automaton

The Allplex™ 2019-nCoV test is a real-time RT-PCR In Vitro Diagnostic (IVD)
test developed for the qualitative detection of SARS-CoV-2 viral nucleic acids in
human specimens such as nasopharyngeal swab, oropharyngeal swab, anterior
nasal swabs, sputum, in individuals with suspected COVID-19. 8 ul of purified
nucleic acid (eluate) has been back-transcribed using 5X Real-time One-step

Orf1Ab S EM N
1bp = RdRP| | ) SRy (] et

Figure 1. Genomic organization of SARS-CoV-2 and RT-PCR target genes. Orflab: open
reading frame; RdRp: gene encoding RNA-dependent RNA polymerase; S, E, M, and N:
genes encoding structural proteins: Surface (S), Envelope (E), Membrane (M) and Nu-
cleocapsid (N).
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Buffer/Real-time One-step Enzyme into cDNA and then amplified in the CFX96™
real-time PCR system. This test includes an internal control which is composed
of the phage MS2 genome. Three genes are targeted in this test: the genes, N of
the nucleocapsid, E of the envelope and RdRp of the RN A-dependent RNA poly-
merase of the virus (Figure 1).

2.4. Statistical Tests

Data were collected using Microsoft Office Excel 2013 software. Agreement be-
tween tests was assessed using statistical kappa tests with 95% Confidence Inter-
vals (95% CI) and an analysis of the correlation was used for comparative analy-
sis of Ct values. These statistical analyzes were performed using IBM SPSS Sta-
tistics software version 20.0.0 (IBM Corp., Armonk, NY, USA) and Statview 4.5

was used to generate the figures of the correlation.

3. Results

3.1. Clinical Overview

This population consisted of 99 women (52.1%) and 91 men (47.9%) of all ages.
The median age was 40 years old. Of the 190 samples analyzed, 90 were positive
on Abbott RealTime SARS-CoV-2, ie. a positivity rate of 47.37%. These samples
were tested again with the Allplex™ 2019-nCoV Kkit in order to compare the two
detection methods and assess their level of concordance. On the Allplex multip-
lex PCR technique, 74 were positive, Ze. a positivity rate of 39% (Table 1).

Comparison of Abbott RealTime SARS-CoV-2 to Allplex™ 2019-nCoV for the
detection of SARS-CoV-2, the cause of COVID-19.

In our study, on 190 samples, the two methods showed an overall agreement
of 74.74%, a positive agreement of 64.4% and a negative agreement of 84% (Table
2).

A more in-depth analysis according to viral load or viremia level showed that

the positive concordance was 93.3% between the two tests for samples with a

Table 1. Comparison between Abbott and Allplex.

Abbott SARS-CoV-2 RealTime Kappa
Negatives  Positives Total (K, 95% IC)
Allplex™ Negatives 84 32 116
0.50
2019-nCoV Positives 16 58 74
(0.438 - 0.562)
Total 100 90 190

Table 2. General and specific agreement between the two tests.

Overall Agreement 74.73%
Negative Agreement 84%
Positive Agreement 64.4%
DOI: 10.4236/ajmb.2023.131004 50 American Journal of Molecular Biology
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high viral load (ct < 10) but decreased with medium and low viral loads: 56.6%
and 43.3% respectively for classes of 10 > ct < 20, ct > 20 (Table 3).

The Cohen’s Kappa coefficient of the two tests is 50% (95% CI: 43.8% -
56.2%), which shows that the concordance is average between the two techniques
(Table 1).

We also looked for a correlation between the Cts obtained by the two diagnos-
tic methods using the Pearson correlation test, a positive correlation was found
(r* = 0.63, p < 0.0001) (Figure 2). This result indicates that the Cts of the two
tests are correlated and vary together in the same direction (positive direction).

We also calculated the correlation for each Ct class. Thus, correlation coeffi-
cients r* = 0.14; 0.48 and 0.40 were found for the classes of Ct < 10; 10 < Ct < 20
and Ct > 20 in Abbott, respectively (Figures 3(a)-(c)). We would also like to
note that a Ct = 40 value was assigned to the 32 samples that were initially posi-
tive with Abbott but came out negative on Allplex in order to calculate the cor-
relation. This value is the detection threshold beyond which the sample is consi-

dered negative by the Allplex test.

Table 3. Positive and negative agreements between Abbott and Allplex™ 2019-nCoV tests
based on viremia (ct).

b Allplex™
Ct (Abbott m2000sp/rtSARS-CoV-2
( ottm s‘p/r ° 2019-nCoV Total Agreement
RealTime) . .
Negative Positive
CT<10 Strong Positive 2 28 30 93.3%
10<CT <20 Positive 13 17 30 56.6%
CT =20 Weak Positive 17 13 30 43.3%
Negative Negative 84 16 100 84%
35 A
1 p <0.0001; r>=0.63
30 - o © <§
z
€ 20 -
S
3
< 15 A
10
5 4
0
10

Allplex (CT)

Figure 2. Correlation between Abbott and Allplex.
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Figure 3. (a) Correlation between Abbott (Ct < 10) and Allplex; (b)
Corrélation between Abbott (10 < Ct < 20) and Allplex; (c) Correla-
tion between Abbott (Ct > 20) and Allplex.
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3.2. Analysis of Discordant Results

Results with the Allplex™ 2019-nCoV test are considered positive if at least one
of the three target genes are detected. In total, we noted 48 discrepancies be-
tween the two techniques. Of these discrepancies, 16 were Allplex™ 2019-nCoV
positive but Abbott negative and 32 Allplex™ negative but Abbott positive. A
comparison according to the classes of Ct revealed that, the more the value of
the Ct increased, the more the number of discrepancies increased between the
two methods (Table 3). It is important to note that the two techniques studied
differ by their target genes (RdRp and N for Abbott and RdRp, N and E for
Allplex). The detection of this third E gene suggests the presence of a Sarbecovi-
rus which is a subgenus of Betacoronavirus related to SARS-CoV-2 giving a pos-
itive result with this method. This is the reason why some negative samples with

Abbott came out positive (detection of the E gene only) with Allplex.

4. Discussion

Since its emergence in December 2019, SARS-CoV-2 has rapidly spread around
the world causing a global Coronavirus Disease 2019 (COVID-19) pandemic. It
has marked the world in various ways and the response to the demand for test-
ing has been to develop several tests for the direct diagnosis of COVID-19.
Therefore, highly reliable laboratory diagnostic tests for COVID-19 are essential
for case identification, patient management and contact tracing. This is how
many PCR kits have been developed since the emergency authorization for the
use of the SARS-CoV-2 diagnostic test. Recently, some studies have focused on
comparing different SARS-CoV-2 detection kits.

Some studies comparing the Abbott RealTime SARS-CoV-2 test and other
tests have been conducted and showed good agreement between them [12] [13]
[14]. Others were interested in comparing the Allplex™ 2019-nCoV test and oth-
er tests [15] [16] [17], but also to their analytical performance [18] [19]. These
studies showed that the Allplex test could be used in the diagnosis of COVID-19
[16], but also highlighted the genomic variability of SARS-CoV-2 that could af-
fect these diagnostic tests [15]. However, to date, there is still no comparative
analysis between these two tests.

Our results suggest that the two PCR methods present quite comparable per-
formances (k = 50%). The Pearson correlation coefficient test showed a coeffi-
cient of r* = 0.63, thus showing a positive correlation between the two diagnostic
methods. The results of the correlation are illustrated in Figure 2 showing that
the values of the viral load of the two tests evolve in the same direction. Howev-
er, when we look at the correlations for each Ct class, we notice that there is not
a good correlation for Ct < 10 (r* = 0.14) (Figure 3(a)). Low Ct’s on Abbott gave
higher Ct’s on Allplex. Both assays show differences in targets and probes. Better
performance of the Abbott probes in detecting the SARS-Cov-2 genome could
explain the lack of correlation between the Cts of the two assays. The Abbott kit

would have better sensitivity. However, even though the two tests do not corre-
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late well for this class of Ct, we observe that the concordance is still very high.

However, our study showed results varies based on the assay used between the
two detection methods for SARS-CoV-2. First, the difference in target genes
between Abbott (RARP and N) and Allplex (RARP, N and E). Thus, 16 samples
tested negative on Abbott but emerged positive on Allplex by detection of the
third E gene with Ct values > 36.00. This could suggest that these samples had
low viral loads, so they were not detected by the Abbott platform. In addition,
the discordant results are, for the most part, observed for samples with high Ct
values, ie. patients with low viremia and which explains why certain genes were
not amplified with Allplex™. 2019-nCoV. A difference in amplification volumes
in favor of Abbott (8 pl for Allplex against 40 ul for Abbott) could partially explain
the fact that, for low viral concentrations, Allplex cannot detect SARS-CoV-2
genes because the volume would be insufficient. Work has also reported that this
test may not consider genome variability given that it was designed at the start of
the pandemic when little information on the SARS-CoV-2 genome was available
[19]. Hence, SARS-CoV-2 variants might not be detected. Among the 48 discor-
dant results, 67% (32) of the samples were positive for Abbott but negative with
Allplex (median Cycle Count, CN: 22.41; RQ: 16.89 - 29.56) and 33% (16) were
negative with Abbott but positive with Allplex (median CT: 38.04 [37.84 -
38.99]). Additionally, for samples with only one gene detected, the Ct was greater
than 35 suggesting a low viral load. These results are in agreement with a study
done in France and could explain why the other target genes were not detected
[19].

Limitations of this comparative analysis include a freeze-thaw process that
could impact samples by disrupting the detection of the SARS-CoV-2 viral ge-
nome. Limitations of this study also include that we did not have detailed clinical
information about the patients, so the data could not be correlated with symptoms
or disease course. Further investigation of patients with detailed time and symp-
tom data and samples collected consecutively from different sites could substan-
tiate our results.

The Allplex 2019-nCoV test is a method that can be used in symptomatic pa-
tients who may have high SARS-CoV-2 viremia.

5. Conclusion

Overall, the Allplex™ 2019-nCoV Assay exhibited significantly different perfor-
mance characteristics than the Abbott RealTime SARS-CoV-2 Assay (amplifica-
tion time, target genes, etc.). However, our results showed moderate concor-
dance with a Kappa coefficient showing acceptable agreement between RT-PCR,
Allplex™ 2019-nCoV and Abbott RealTime SARS-CoV-2 Assays in the diagnosis
of COVID-19. With poor concordance for high Cts, the Allplex™ 2019-nCoV
RT-PCR test would be more appropriate for the acute and symptomatic phase of
the disease. Therefore, it would be very important to check the performance cha-

racteristics of commercially available kits before using them in routine laborato-
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ry diagnosis.
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