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Abstract

Several commercial assays for SARS-CoV-2 RT-PCR are available but few of them were assessed. We evaluate the Allplex
2019-nCoV (Seegene) assay using 41 nasopharyngeal samples. The rates of agreement were 92.7% and 100% with the
GeneFinder COVID-19 plus (Elitech) and the diagnosis of the infectious disease specialist respectively. Four samples display
a Ct<22.0 for the £ and RdRp genes while the N gene was not detected, suggesting a variability of the viral sequence. There was
no cross-reactivity with other respiratory viruses. The Allplex 2019-nCoV appears as a reliable method, but additional evalua-

tions using more samples are needed. RT-PCR assays should probably include at least 2 viral targets.
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Introduction

SARS-CoV-2 has rapidly spread, infecting more than 3.9 mil-
lion people and causing more than 275,000 death 19 weeks
after the WHO was alerted by Chinese health authority on
December 31, 2019 [1]. As the clinical presentation of the
disease is nonspecific and in order to improve the manage-
ment of the patients and to limit the spread of the virus, a
robust and accurate diagnosis is needed. According to the
WHO, laboratory confirmation is required for suspicious
cases [2]. Molecular methods performed on respiratory spec-
imen are considered the gold standard as they are specific and
viral excretion appears early, before the onset of the symptoms
[3].

The Allplex 2019-nCoV assay (Seegene, Seoul, South
Korea) was designed for amplifying three viral targets: the £
gene (specific of the subgenus Sarbecovirus), the N and the
RdARP genes (both specifics of the SARS-CoV-2). The assay is
approved for in vitro diagnostic in several countries as South
Korea and France. The first assessment of its performances by
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the manufacturer demonstrates a specificity of 100% and a
limit of detection of 100 RNA copies/PCR reactions.
Following first manufacturer recommendations, samples with
1 or 2 viral targets were considered inconclusive and should
be retested using a “higher concentration of sample” or a
“gene sequencing” should be performed [4]. But, according
to the revised recommendations issue in late April 2020, these
profiles are considered positive. However, as the reagent was
rapidly available in limited quantities and clinical laboratories
were overwhelmed, no independent assessments of the assay
performances were achieved. We aim to assess the perfor-
mances of the Allplex 2019-nCoV assay mainly focusing on
positive results for one or two viral targets.

Methods

The Allplex 2019-nCoV assay had been routinely implement-
ed at the Hospital Foch on March 10, 2020. The performances
of the kit were assessed using 41 nasopharyngeal specimen
sampled on universal transport media (UTM, Copan, Mylan,
Italy).

Twenty-five samples were collected prospectively from
adults suspected of COVID-19. Of them, all consecutive sam-
ples positive for 1 or 2 targets (n = 20) collected from
March 10 to March 25, 2020, and 5 samples positive for all
three viral targets using the Allplex 2019-nCoV were
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included. The results of the Allplex 2019-nCoV were com-
pared with (i) the GeneFinder COVID-19 plus assay (Elitech,
Puteaux, France), and (ii) the diagnosis of the infectious dis-
ease specialist of the hospital on the basis of epidemiological
exposure, clinical and laboratory examination, and chest com-
puted tomography findings. UTM were frozen at — 70 °C
before testing by the GeneFinder COVID-19 plus assay.
This assay includes 3 viral genes and it is routinely used at
the hospital Bichat.

In addition, a collection of 16 nasopharyngeal specimens
positive to another respiratory virus was included for the eval-
uation of cross-reactivity. All were collected from hospitalized
patients presenting with symptoms of flu or viral pneumonia.
Viral agents were identified using the FilmArray RP assay
(BioM¢érieux, Marcy-1’Etoile, France). The number of posi-
tive samples per pathogen was as follows: coronavirus (6),
human metapneumovirus (3), influenza (4), and human rhino-
virus (3) (Table 1).

Statistical analysis was performed using IBM SPSS
Statistics version 20.0.0 (IBM Corp., Armonk, NY, USA).
The results of the Allplex 2019-nCoV were compared with
those of the GeneFinder COVID-2019 plus and the diagnosis
of the infectious disease specialist using the agreement rate
and the Kappa test.

Results

Overall, 25 and 16 samples were positive for at least a viral
target and negative using the Allplex 2019-nCoV
respectively.

Among the 20 samples positive for 1 or 2 viral targets using
the Allplex 2019-nCoV, 13 (65%) and 7 (35%) were positive
for 2 and 1 viral targets respectively (Table 2). The E, RdRP,
and N genes were detected in 7, 15, and 11 samples respec-
tively. The median cycle threshold (Ct) of positivity was 18.4
(15.9-34.0) for the E gene, 36.6 (26.4-38.1) for the RdRp
gene, and 38.0 (37.7-38.6) for the N gene. Four samples

Table 1 Panel commonly found respiratory virus in respiratory
infections used for evaluation of cross-reactivity

Clinical samples with known viruses Numbers tested

Coronavirus OC43
Coronavirus NL63
Coronavirus HKU1
Coronavirus 229E
Human metapneumovirus
Influenza A

Influenza B

W = W W = = = W

Rhinovirus
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positive for £ and RdRp genes display a Ct below 22.0 for
both viral targets. Excluding these samples, the median Ct was
34.5 (34.1-34.8), 37.6 (36.6-38.3), and 38.0 (37.7-38.6) for
E, RdRp, and N genes respectively. Considering the samples
positive for two viral targets, the £ and N gene combinations
were detected in 2, the RdRp and N genes in 6, and the £ and
RdRp genes in 5. Except sample no. 13, all samples negative
for the N gene but positive for the £ and the RdRp genes
display a Ct below 22.0 for both viral targets. Two out of
the 6 samples positive for the N and the RdRp genes display
a Ctbelow 35.0 for both viral targets (samples no. 6 and 7). Of
the 7 samples positive for a single viral target, 4 and 3 were
positive for the RdRp and the N genes respectively. All detect-
ed targets display a Ct greater than 35.0 regardless of the viral
gene.

All 16 nasopharyngeal samples positive to another respira-
tory virus were found negative with the Allplex 2019-nCoV.

The Allplex 2019-nCoV and the GeneFinder COVID-19
plus show an overall agreement of 92.7%, and a Kappa value
of 0.86. Two (15.4%) out of 13 samples positive for 2 viral
targets using the Allplex 2019-nCoV were found negative
using the GeneFinder COVID-19 plus assay. One of them
was positive for the £ (Ct = 34.5) and the RdRp (Ct = 38.1)
genes while the other was positive for the RdRp (Ct = 38.2)
and the N (Ct = 37.5) genes. The GeneFinder COVID-19 plus
assay was negative in 1 (14.3%) over the 7 samples positive
for a single viral target using the Allplex 2019-nCoV. This
sample (no. 18) was positive for the RdRp gene with a Ct of
39.1. The Allplex 2019-nCoV and the diagnosis of the infec-
tious disease specialist show an overall agreement of 100%
and a Kappa value of 1.

Discussion

Our results suggest that the Allplex 2019-nCoV is a reliable
method for the confirmation diagnosis of SARS-CoV-2 infec-
tion. Most samples positive for 1 or 2 viral targets could be
considered positive. Several of these samples display a Ct
greater than 35.0 suggesting they contain a low viral load.
This finding might explain why one or two viral genes were
not amplified. In contrast, 4 samples display a Ct below 22.0
for the £ and the RdRp genes while the N gene was not am-
plified. The low Ct recovered for the E and the RdRP genes
suggests a high viral load. And, we can rule out a mishandling
as the premix contains all primers and probes. A deficient
batch is also unlikely as the reagents were used for more than
150 positive samples and only these 4 samples display such
profile. Finally, we could hypothesize variability in the viral
genome sequence. Indeed, as the assay was designed at the
beginning of the pandemic when few viral genomes were
already sequenced, it is possible that RT-PCR designers were
not able to consider sufficient sequence variability.



Eur J Clin Microbiol Infect Dis (2020) 39:1997-2000

1999

Table 2 Characteristics of

inconclusive results of the Sample Allplex 2019-nCoV

GeneFinder

Seegene Allplex 2019-nCoV and no.

COVID-19 plus

comparison with the GeneFinder E gene RARP gene N gene IC*
COVID-19 plus assays
Result Ct Result Ct Result Ct Result Ct
1 Positive 33.6 Negative - Positive 38.6 Positive 252  Positive
2 Positive 350 Negative - Positive 39.1 Positive 27.6 Positive
3 Negative - Positive 38.2  Positive 37.5 Positive 242  Negative
4 Negative - Positive 37.5 Positive 38.6 Positive 25.6  Positive
5 Negative - Positive 383  Positive  38.2  Positive 259  Positive
6 Negative - Positive 31.5  Positive 33.2 Positive 262  Positive
7 Negative - Positive ~ 33.2 Positive  35.0 Positive 27.5  Positive
8 Negative - Positive ~ 37.6  Positive  38.0  Positive 27.0  Positive
9 Positive 15.5  Positive 17.0  Negative - Positive  35.0  Positive
10 Positive 15.6  Positive 17.5  Negative - Positive  36.2  Positive
11 Positive 16.3  Positive 18.2  Negative - Positive  36.1  Positive
12 Positive 18.4  Positive 21.4 Negative - Positive  33.6  Positive
13 Positive 34.5  Positive 38.1 Negative - Positive  26.0  Negative
14 Negative - Negative - Positive ~ 39.2  Positive 25.2  Positive
15 Negative - Negative - Positive ~ 37.9  Positive 24.2  Positive
16 Negative - Negative - Positive ~ 37.8  Positive 26.0  Positive
17 Negative - Positive ~ 36.5 Negative - Positive  24.5  Positive
18 Negative - Positive 39.1 Negative - Positive 264  Negative
19 Negative - Positive 383 Negative - Positive  27.0  Positive
20 Negative - Positive 36.6  Negative - Positive  29.6  Positive

Italicized value indicated samples with a Ct < 35.0 for both RdRp and E genes and samples with a Ct <22.0 for

both £ and RdRp genes
*IC internal control

Furthermore, higher variability of the NV gene was previously
reported [2, 5].

Three positive samples using the Allplex 2019-nCoV were
found negative using the GeneFinder COVID-19 plus. All the
patients were considered as presenting a COVID-19 by the
infectious disease specialist. This finding could suggest a viral
RNA degradation during sample conservation or transport
rather than a nonspecific amplification. Indeed, the assay ap-
pears specific regarding the absence of cross-reaction with
another respiratory virus.

Unfortunately, we were not able to perform a cross-reactive
assay with sample positive for the SARS or the MERS-CoV
viruses. However, in the actual context of the rapid spread of
the SARS-CoV-2 and as the MERS-CoV and the SARS out-
breaks are under control, a misidentification is unlikely.
Furthermore, all patients infected by SARS-CoV-2, SARS,
or MERS-CoV require similar infection prevention and con-
trol measures.

Molecular methods for SARS-CoV-2 identification were
little assessed yet. Some in-house RT-PCR were reported as
presenting a high sensitivity and specificity, but commercial
assays were not evaluated [6—8]. However, previous reports

mainly focused on false negative and low sensitivity of RT-
PCR performed on respiratory samples in comparison with
chest computed tomography [9-13]. However, these studies
display several methodologic limitations. First, a few numbers
of samples were included [11-13]. Main samples used were
throat or nasal swab instead of nasopharyngeal swabs [9, 11,
12]. These latter were reported more suitable for SARS-CoV-
2 infection as for flu diagnosis [14—16]. Finally, RT-PCR
assay displays a single viral target and/or designed at the early
stage of the disease when few genome sequences were avail-
able [9-11].

In conclusion, the Allplex 2019-nCoV assay appears accu-
rate for the confirmation diagnosis of SARS-CoV-2 infection.
Sample displaying 1 or 2 detected viral targets should be con-
sidered positive. We, therefore, emphasize the need of includ-
ing at least 2 viral targets for RT-PCR. This finding is of
particular concern for patients at risk of developing severe
disease and healthcare workers. Independent assessments of
molecular methods are mandatory.
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