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SARS-CoV-2 is a major public health problem worldwide. Since its emergence, several diagnostic kits have been developed to
ensure rapid patient management. The aim of our study is to check the performance of the new Moroccan SARS-CoV-2 detection
kit: MAScIR SARS-CoV-2 M 2.0. The following parameters were studied: repeatability, reproducibility, analytical specificity,
analytical sensitivity, and comparison with the GeneFinder™ COVID-19 Plus RealAmp Kit. In addition, an external quality
evaluation comprising five specimens was carried out as part of an international program for the external quality evaluation of
sublaboratories of the WHO and the Laboratory Office of the National Institute of Hygiene of Morocco. The results of all
parameters studied showed an analytical performance that complied with the requirements of the method verification/validation
protocol adopted by the Central Laboratory of Virology and met the recommendations of COFRAC (French Accreditation
Committee). During the current study, the sequencing of some randomly selected positive samples was performed, among which
the carriers of the Alpha variant, the Delta variant, and the Omicron variant were detected. These results allowed us to deduce that

this kit was valid for detecting these three variants.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), responsible for coronavirus disease 2019 (COVID-
19), first appeared in December 2019 in Wuhan, China [1, 2].
Its rapid transmission and widespread spread have allowed it
to rapidly evolve into a pandemic.

It is an enveloped, nonsegmented, positive-sense single-
stranded RNA virus belonging to the Coronaviridae family
and the order Nidovirals [3]. The coding part of its genome
consists essentially of two regions: the first region, which
represents two-thirds of the genome, codes for the non-
structural proteins of the replication/transcription complex
(ORFla and ORFI1b), and the second region, which

represents the third of the genome, codes for the structural
proteins of the virus (spike, envelope, membrane, and nu-
cleocapsid) [3-5].

The diagnosis of SARS-CoV-2 is essentially based on
molecular methods and qualitative RT-PCR, which allow the
simultaneous detection of at least one SARS-CoV-2 target
and internal control (https://www.sfm-microbiologie.org/
wp-content/uploads/2021/02/LISTE-RAPPORTS-TESTS-M
OLECULAIRES_130121.pdf). Many Kkits are available, and
the most commonly used viral targets are located in the
genes S (spike), E (envelope), N (nucleocapsid), and RdRp
(ORFla-dependent RNA polymerase) [4, 6]. The main
objective of this study was to evaluate the performance of the
new Moroccan MAScIR SARS-CoV-2 M 2.0 kit.
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2. Materials and Methods

2.1. Specimens. This study uses the method verification/
validation procedure of the Central Laboratory of Virology
(LCV) of the University Hospital Ibn Sina, Rabat, which
meets the recommendations of the French Committee for
Accreditation (COFRAC), and uses qualitative tests similar
to quantitative tests on the basis of Ct. Specimens were taken
from patients by nasopharyngeal or oropharyngeal swabs,
which were then sent to the LCV in a viral transport medium
for qualitative detection of the SARS-CoV-2 genome. The
retrospective portion of the study was performed on spec-
imens held at —80°C. The stability of the specimens was
verified by the results of their cellular internal control (IC)
that met the supplier’s recommendations with a value of
cycle threshold (Ct) less than 35.

2.2. Nucleic Acid Extraction. Automated nucleic acid ex-
traction was performed on prefilled plates (from 16 wells)
with the BIOER extractor. In an extraction plate, 10 uL of
proteinase K was deposited and 300 L of the patient sample
was deposited. The number of patients treated in each ex-
traction series was 32 (simultaneous extraction of two
columns) with a total time of 35 min.

2.3. Nucleic Acid Amplification

2.31. New MAScIR SARS-CoV-2 M 2.0 Kit Analytical
Procedure. Tt is a qualitative triplex in vitro amplification
test, based on one-step reverse transcription polymerase
chain reaction (RT-qPCR) and whose targets were two viral
genes of SARS-CoV-2 (RdRp and S) and an internal control
of human cell origin. All three targets were treated in the
same reaction well. Each reaction mixture contains 2.5 yL of
the enzyme mix (enzyme cocktail, dNTP, and reaction
buffer), 1 yL of the primer and probe mix, and 6.5 yL of viral
extract from patient samples (eluate). Positive control,
negative control, and negative extraction control were used
in each series of samples.

The amplification was performed on three thermal
cyclers, ABI 7500 Applied Biosystems, QuantStudio™ 5
(QS5) Applied Biosystems, and Exicycler™ 96 Bioneer. The
amplification program was as follows: a reverse tran-
scription step at 50°C for 5 minutes, then an activation step
at 95°C for 20 seconds, followed by a succession of 40 cycles
of denaturation-hybridization-elongation (denaturation
occurs at 95°C for 3 seconds and hybridization and elon-
gation at 60°C for 30seconds). The fluorophores of the
probes used in this kit were FAM for RdRp, Cy5 for S, and
VIC for CI [7]. The total duration of the PCR on the QS5
was 56 minutes.

2.3.2. GeneFinder™ COVID-19 Plus RealAmp Reference Kit
Analytical Procedure. The GeneFinder™ COVID-19 Plus
RealAmp Kit was an in vitro amplification test based on real-
time polymerase chain reaction (RT-qPCR). It allows the
detection of three viral targets (RdRp, N, and E) and internal
cellular control. In each reaction well, 5uL of the patient
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sample eluate was mixed with 15uL of the master mix.
Positive and negative controls were also used in each series
of samples.

The amplification, performed on the three aforemen-
tioned thermal cyclers, includes the following steps: a reverse
transcription step at 50°C for 20 minutes and then an ac-
tivation step at 95°C for 5 minutes, followed by a succession
of 45 denaturation-hybridization-elongation cycles (de-
naturing occurs at 95°C for 15seconds and hybridization
and elongation occur at 60°C for 60 seconds) [8]. The total
duration of the PCR on the QS5 thermal cycler is
120 minutes.

Over an eight-month period, 171,548 tests were con-
ducted with the GeneFinder™ COVID-19 Plus Real Amp Kit
in our laboratory.

2.4. Validation Step of the Results of the MAScIR SARS-CoV-
2M2.0Kit. The validation step was divided into three parts.
The first step involved the validation of the negative control,
the negative extraction control, and the positive control. For
negative checks, all targets have been negative, while for
positive controls, all targets have been positive with a Ct
value of 22 + 2 for the RdRp, 19+ 2 for S, and 24 + 2 for the
CI, according to the data in the manual of the MAScIR
SARS-CoV-2 M 2.0.

The second step was the validation of each patient’s
internal control. This control, which was of cellular origin,
allows controlling the quality of the sample since its col-
lection, as well as the proper functioning of the extraction
and amplification steps and the absence of inhibition. The CI
of the samples has been positive, with a Ct< 35.

After the validation of the controls, the patients’ results
were read. According to the recommendations of the kit
leaflet and the recommendations of the SEM [9], a sample
was considered positive if one or both targets (RdRp and S)
had a Ct less than 30, low positive if the Ct value was between
31 and 36, and negative if the Ct value is >37. All control and
patient results were collected in a reading sheet and validated
on the Laboratory Information System (SIL) (e-Labs,
ENOVA Research and Technology). The outcome report
provided to the patient and/or attending physician mentions
the presence or absence of SARS-CoV-2 RNA.

2.5. Protocol of the Study. The repeatability study was car-
ried out on three pools of samples of different concen-
trations on the basis of Ct (one pool of high concentration,
one pool of medium concentration, and one pool of low
concentration). It was performed on the QuantStudio™ 5
Applied Biosystems thermal cycler. Each sample had five
runs on the same day, in the same series, with the same
working conditions and operators, the same procedure, and
the same batch of reagents. The analytical objective of the
repeatability test recommended by the supplier was
a CV <5%.

The intermediate precision test was studied on positive
controls. The results of the positive checks of the same batch,
carried out in each series and over several days on two
different thermal cyclers by different operators, were
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collected on a sheet and then processed on the EVM. The
limit CV value was 6.66% (calculated according to the
formula CV repeatability = CV reproducibility x 0.75).

Moreover, to evaluate the analytical specificity of the test,
19 positive samples for a respiratory virus different from
SARS-CoV-2, whose diagnosis was made by PCR in real-
time using GeneXpert (retrospective samples from 2019) or
FilmArray BIOFIRE (prospective samples from 2020-21)
have been analyzed by the new MAScIR SARS-CoV-2 M
2.0 kit.

In addition, the analytical sensitivity of the MAScIR
SARS-CoV-2 M 2.0 kit was investigated through a series of
five dilutions of the positive control of the kit (Ct RdRp: 16,
Ct S: 18, and Ct CI: 17) with a diluent containing transfer
RNA at a concentration of 10 ng/uL.

Furthermore, an external quality assessment (EQA) of
this MAScIR SARS-CoV-2 M 2.0 kit, comprising five
samples, was carried out in January 2021 as part of an in-
ternational program of external quality assessment of sub-
laboratories of National Institute of Hygiene (INH) of
Morocco. Furthermore, to monitor the genetic evolution of
the virus, several sequencing units of SARS-CoV-2 strains
have been set up in Morocco. In this context, several positive
samples, diagnosed by the MAScIR SARS-CoV-2 M 2.0 at
the LCV, were randomly selected and sequenced at the
Medical Biotechnology Laboratory of the Faculty of Medi-
cine and Pharmacy of Rabat using Ion S5 (Ion S5 next-
generation sequencing technology).

Finally, the comparison between the GeneFinder™
COVID-19 Plus RealAmp Kit and the MAScIR SARS-CoV-
2 M 2.0 kit was performed on 61 samples on ABI 7500
Applied Biosystems, 56 samples on QuantStudio™ 5 Dx
Applied Biosystems, and 45 samples on Exicycler™ 96
Bioneer.

All results of this method validation were processed
using the Middleware EVM Byg Informatique (EVM). Data
processing was based on the calculation of the Ct mean,
standard deviation, and coeflicient of variation for each
parameter. The results were later converted into a graph of
the distribution of values around the mean and into
a Levey-Jenning curve. The precision of each calculation
was expressed as a function of statistical measures of im-
precision (standard deviation and coefficient of variation).
Data from the comparison between the two kits were
processed using the Bland-Altman concordance method
on EVM.

3. Results

3.1. Analytical Performance

3.1.1. Repeatability. The average Ct of the RdRp target is
33.24 for the low-concentration pool, 27.61 for the medium-
concentration pool, and 14.52 for the high-concentration
pool. The CVs of the three concentration levels are, re-
spectively, 2.20%, 2.29%, and 2.69%. For target S, the Ct
average is 34.63 for the low-concentration pool, 28.69 for the
medium-concentration pool, and 16.02 for the high-
concentration pool, while the CV values are 3.06%,

1.76%, and 5.44%, respectively. Only the CV value of the S
target at the high concentration level is limited to the value
recommended by the supplier (Table 1).

3.1.2. Intermediate Precision. On the QS5 thermocycler, the
Ct mean value of the targets (out of a total of 26 values) is
19.56 for the RdRp and 20.64 for the S gene, while on the
EXICYCLER thermocycler, the Ct mean of the targets (out
of 13 values) is 21.62 for the RdRp and 21.04 for the S gene.
All CV values in our series are higher than those of our
supplier but remain below the recommended target CV
value. For the overall reproducibility of the 2 thermocyclers,
the average Ct of the targets is 20.25 for RdRp and 20.78 for
S. The RdRp CV is limited to the target recommended by the
supplier (Table 1, Figure 1).

3.1.3. Analytical Specificity and Sensitivity. The number of
samples distributed by pathogen was Influenza A (1), In-
fluenza B (2), Respiratory syncytial virus (RSV) (5), Para-
influenza virus 3 (2), Parainfluenza virus 4 (2), Coronavirus
229E (1), Coronavirus OC43 (2), Rhinovirus/Enterovirus
(6), and Adenovirus (1). All of these samples were non-
reactive for SARS-CoV-2 (Table 2).

For analytical sensitivity, the Ct results of the five di-
lutions of the positive control were as follows: for RdRp, the
values were 18, 22, 26, 30, and 37, respectively, while for S, the
results were 20, 24, 28, 32, and 38, respectively. The resulting
lower detection limit, defined as the highest detectable Ct
value, was a Ct of 37 for RdRp and 38 for S (Figure 2).

3.1.4. Interlaboratory Accuracy/Comparison. The five EQA
results were compliant. However, the Ct comparison and
measurement accuracy calculation were not possible as the
results provided to us did not specify the Ct values of the
targets (Table 3).

3.1.5. Comparison between SARS-CoV-2 M 2.0 MAScIR Kit
and COVID-19 Plus RealAmp GeneFinder™ Reference Kit.
The qualitative results of this comparison were broadly
consistent. No discrepancies with clinical impact were de-
tected (Table 4). For the quantitative results, based solely on
the Ct value of the RdRp (the only common target between
the two Kkits), the application of the Bland-Altman con-
cordance method objectified a single value greater than the
upper concordance limit (and this on the three thermal
cyclers used), which was the sample No. 11 (Figure 3, Ta-
ble 5). The sensitivity and specificity of the MAScIR SARS-
CoV-2 M 2.0 kit were estimated at 100%, using the Gen-
eFinder™ COVID-19 Plus test as a reference.

3.2. Detection of SARS-CoV-2 Variants Present in Morocco.
The sequencing of positive samples allowed the detection of
cases carrying one of the variants of SARS-CoV-2 with
identical Ct for S and RdRp (the Alpha variant, the Delta
variant, or the Omicron variant). The results of some cases
are given in Table 6, and all data are available on GISAID.
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FIGURE 1: Levey-Jenning chart (a) and distribution of values (b) of intermediate precision test results of MAScIR SARS-CoV-2 kit M 2.0.

(target RdRp, QS5 thermal cycler).

TaBLE 2: Analytical specificity test result of the MAScIR SARS-CoV-2 M 2.0 kit.

Date PCR GeneXpert results PCR SARS-CoV-2 MASCIR kit 2.0 triplex results (QS5)
Influenza B
Influenza A
Influenza B
22/12/2020 Resp{ratory sync%t%al virus Internal control: positive
Respiratory syncitial virus SARS-CoV-2: negative
Respiratory syncitial virus
Respiratory syncitial virus
Respiratory syncitial virus
Date FilmArray BIOFIRE results PCR SARS-CoV-2 MASCIR kit 2.0 triplex results (QS5)
01/01/2021 Parainfluenza virus 3
12/01/2021 Coronavirus 229E
26/01/2021 Coronavirus OC43
26/01/2021 Rhinovirus/enterovirus
30/01/2021 Rhinovirus/enterovirus
01/02/2021 Rhinovirus/enterovirus
Adenovirus Internal control: positive
15/02/2021 Parainfluenza virus 4 SARS-CoV-2: negative
21/02/2021 Coronavirus OC43
05/03/2021 Rhln(?v1rus/ enter.ov1rus
Parainfluenza virus 4
06/03/2021 Rhinovirus/enterovirus
20/03/2021 Rhinovirus/enterovirus

Parainfluenza virus 3

4. Discussion

After SARS-CoV-1 (which was responsible for an outbreak
in China in 2002-2003) and MERS-CoV (which spread to 27
countries between 2012 and 2018), the new SARS-CoV-2 was
responsible for the global pandemic that started in De-
cember 2019 in Wuhan, China, Hubei Province, following
the appearance of several contacts with similar symptoms
[3, 10]. Until May 19, 2022, this pandemic was responsible
for more than 520 million cases worldwide, including 6.27
million deaths. In Morocco, the number of cumulative cases
over the same period was up to 1.16 million, including
16.075 million cases of death [11].

To address this emergency, many measures have been
put in place to limit the spread of SARS-CoV-2, including
diagnostic tools to identify people with SARS-CoV-2, ensure
their clinical and therapeutic follow-up, and prevent the
transmission of the virus.

In this context, the Moroccan Foundation for Ad-
vanced Science Innovation and Research (MAScIR) was
able to develop a new Moroccan kit for the qualitative
detection of RNA of the SARS-CoV-2, based on RT-qPCR
technology [7, 12]. The first version of this kit, MAScIR
SARS-CoV-2 kit 1.0, was evaluated by the Institute
Pasteur in Paris, French National Reference Centre for
Respiratory Infections. It was a test that allowed the
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FIGURE 2: Analytical sensitivity test result of the MAScIR SARS-CoV-2 M 2.0 kit. Target S, green; target RdRp, blue; IC, red.

TaBLE 3: Results of the five EQA (expected results and our laboratory results) (BIOER extractor, QS5 thermal cycler).

WHO-SC WHO-SC
20-03 20-04

ER R ER R ER R ER R ER R

S target D 27.00 D 21.00 ND ND ND ND D 31.00
RdRp target D 26.00 D 20.00 ND ND ND ND D 30.00
Interpretation P p P p N N N N P

ER, expected result; R, our laboratory result; N, negative; P, positive; D, detected; ND, not detected.

WHO-SC 20-01 WHO-SC 20-02 WHO-SC 20-05

detection of three viral targets of SARS-CoV-2 (RdRp, S,
and E) and cell CI, which required the treatment of each
sample in two different wells with the use of two reaction
mixes [12]. This version has been optimized by the in-
troduction of the second version, MAScIR SARS-CoV-2
kit M 2.0, CE-IVD, the subject of the present work, which
detects two viral targets (RdRp and S) and the CI with the
advantage of treating each sample in a single
reaction well.

The accuracy study of this kit was consistent with that of
the supplier. The repeatability test as well as the intermediate
fidelity test have coefficients of variation higher than the
supplier’s results but remain below the recommended CV
value [7].

Regarding the evaluation of analytical specificity, the
results were excellent, with 100% specificity. All samples
included, positive for one or more respiratory viruses, in-
cluding viruses belonging to the Coronaviridae family, were
negative for SARS-CoV-2 with the MAScIR SARS-CoV-2 kit
M 2.0. No cross-reaction was detected. According to our
literature review, the RdRp and S genes (which are the
targets in our kit), along with the N genes of SARS-CoV-2,
are known for their higher specificity [13].

Comparison of the results with the reference kit (Gen-
eFinder™ COVID-19 Plus Real Amp Kit) was compliant. All
negative samples using the reference kit were negative using
the MAScIR SARS-CoV-2 M 2.0 kit, and all positive samples
were positive. However, some highly positive samples using
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TaBLE 4: Analysis of qualitative results.

GeneFinder  COVID-19 Plus

Thermal cycler

RealAmp (reference)

MASCcIR SARS-CoV-2 kit 2.0

Result Number of samples Result Number of samples
P 36
P 38 LP )
ABI 7500 applied biosystems LP 14 P 8
LP 6
N 9 N 9
P 32
P 34 LP )
QuantStudio™ 5 applied biosystem Lp 13 P 7
LP 6
N 9 N 9
P 21
24 LP 3
Exicycler™ 96 Bioneer P 7
LP 12 LP 5
N 9 N 9

P, positive (target Ct <30); LP, low positive (target Ct from 31 to 36); N, negative (target Ct > 37).

Bland-Altman chart
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F1GURE 3: The analysis of RdRp results using the Bland and Altman
method (results on QS5 thermal cycler).

the reference kit had a low positive result using the MAScIR
SARS-CoV-2 M 2.0 kit (2/38 on ABI 7500, 2/34 on QS5 Dx,
and 3/24 on Exicycler 96). Conversely, some low positive
samples had a strong positive result using MAScIR SARS-
CoV-2 M 2.0 kit (8/14 on ABI 7500, 7/13 on QS5 Dx, and 7/
12 on Exicycler 96) (Table 5). These differences could be
explained by a partial degradation of viral RNA during
conservation and/or variable extraction performance. Fur-
thermore, the MAScIR SARS-CoV-2 M 2.0 kit’s amplifi-
cation duration is shorter (56 minutes versus 120 minutes)
compared to the reference kit. This represents a significant
time advantage, allowing a faster result and a quicker
management of exam requests, especially during waves of
cases [7, 8].

In addition, the analysis of RdRp results using the Bland
and Altman method shows a good correlation between the
two methods except for a sample that gives an out-of-bounds
result (Ct from RdRp: 38 using the reference kit vs Ct from

RdRp being between 20 and 21 using the evaluated kit)
(Table 5). In general, these results have no clinical impact, as
the test under study is qualitative. Moreover, the external
evaluation by the EEQ confirmed the reliability of the results.

On the other hand, for the GeneFinder™ COVID-19
Plus Real Amp Kit, the most sensitive target was the N gene.
Out of the 52 positive samples included in the comparison
test, RARp and E targets were not detected in 2/52 and 4/52
samples, respectively, unlike the N target that was detected
in all of these samples. This could be explained by the higher
expression of ARNm transcripts of the N gene compared to
the other genes, which provides a higher starting amount of
template. This was discussed by Karen Yanson et al. in their
article [14]. However, other articles have demonstrated that
kits targeting the E gene are considered the most sensitive
[13]. For the MAScIR SARS-CoV-2 M 2.0 kit, the most
sensitive target is the S gene that was detected in all samples
regardless of the thermal cycler used. However, the detection
of the RdRp gene varies depending on the thermal cycler:
with the QS5, the target was detected in all samples, while
with the ABI and Exicycler, the target was not detected in 1/
52 and 7/52 samples, respectively. Moreover, the S target of
the MAScIR SARS-CoV-2 M 2.0 kit is not affected by the
mutation of the Alpha, Delta, or Omicron variant since the
Ct of the RdRp and S genes were identical, which was
confirmed by the sequencing of our samples (Tables 5 and 6)
[15, 16]. Our entire dataset has been published on the
Mendeley Data Repository [17].

To date, a single retrospective study, recently published
and carried out in our laboratory, evaluated the FilmArray
BioFire RP2.1 (Respiratory 2.1 Panel) kit using our MAScIR
SARS-CoV-2 M 2.0 kit as a reference kit [18]. In this study,
there were no discordant results between MAScIR and
FilmArray BioFire RP2.1 with regards to negative samples.
However, 21 of the 80 positive SARS-CoV-2 samples on
FilmArray had discordant results on MAScIR SARS-CoV-
2 M 2.0. Eleven of these were tested with another kit, re-
vealing positive results in six cases [18]. This has been
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TaBLE 5: Comparison of PCR SARS-CoV-2 results between SARS-CoV-2 M 2.0 MAScIR kit and COVID-19 Plus RealAmp GeneFinder™
reference kit.

COVID-19 Plus

SARS-CoV-2 M 2.0 MAScIR Kit RealAmp GeneFinderTM
Samples Kit
Extracteur Thermal cycler Target RdRp Target S IC Interpretation Result
QS5 24 24 26
1 BIOER ABI 25 24 30 P P
Exicycler 24 24 26
QS5 22 23 24
2 BIOER ABI 23 22 27 P P
Exicycler 23 23 24
QS5 35 34 25 LP
3 BIOER ABI 25 33 28 p LP
Exicycler 31 30 24
QS5 36.5 32 27
4 BIOER ABI 32 31 LP P
Exicycler +35 32 27
QS5 36 34 25
5 BIOER ABI 35 33 27 LP P
Exicycler 34 24
QS5 33 32 25
6 BIOER ABI 33 32 27 LP LP
Exicycler 32 32 25
QS5 33 33 26
7 BIOER ABI 32 31 27 LP LP
Exicycler £32 25
QS5 30 30 26
8 BIOER ABI 31 30 28 P LP
Exicycler 31 30 25
QS5 23 24 25
9 BIOER ABI 24 23 28 P LP
Exicycler 23 23 24
QS5 15 16 21
10 BIOER ABI 16 15 24 P P
Exicycler 15 15 20
QS5 20 20 24
11 BIOER ABI 21 20 26 P LP
Exicycler 20 20 22
QS5 23 24 22
12 BIOER ABI 25 23 23 P P
Exicycler 24 23 21
QS5 16 16 23
13 BIOER ABI 17 16 26 P P
Exicycler 16 16 22
QS5 22 22 23
14 BIOER ABI 23 21 25 P P
Exicycler 22 22 22
QS5 — — 27
15 BIOER ABI — — 30 N N
Exicycler — — 26
QS5 — — 24
16 BIOER ABI — — 26 N N
Exicycler — — 23
Qss — — 26
17 BIOER ABI — - 28 N N
Exicycler — — 25
QS5 — _ 25
18 BIOER ABI — — 27 N N

Exicycler — — 24
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TaBLE 5: Continued.

SARS-CoV-2 M 2.0 MAScIR Kit

COVID-19 Plus
RealAmp GeneFinder™

Samples Kit
Extracteur Thermal cycler Target RdRp Target S IC Interpretation Result

QS5 — — 25

19 BIOER ABI — — 27 N N
Exicycler — — 23
QS5 — — 27

20 BIOER ABI — — 28 N N
Exicycler — — 25
QS5 — — 26

21 BIOER ABI — — 28 N N
Exicycler — — 25
QS5 — —_ 24

22 BIOER ABI — — 26 N N
Exicycler — — 23
QS5 16 16 24

23 BIOER ABI 16 15 27 P P
Exicycler 15 15 22
QS5 28 28 25

24 BIOER ABI 29 27 27 P P
Exicycler 28 28 25
QS5 30 29 24

25 BIOER ABI 30 29 25 P LP
Exicycler 30 29 23
QS5 26 27 23

26 BIOER ABI 28 27 23 P P
Exicycler 28 27 21
QS5 13 13 24

27 BIOER ABI 13 13 26 P P
Exicycler 13 12 21
QS5 18 19 26

28 BIOER ABI 19 18 28 P P
Exicycler 18 17 23
QS5 19 19 23

29 BIOER ABI 20 18 25 P P
Exicycler 19 19 21
QS5 30 30 24

30 BIOER ABI 31 30 26 P P
Exicycler 31 30 23
QS5 17 18 26

31 BIOER ABI 18 16 27 P P
Exicycler 17 17 23
QS5 24 19 24

32 BIOER ABI 23 18 25 P P
Exicycler 19 19 23
QS5 17 17 24

33 BIOER ABI 18 16 25 P P
Exicycler 23 17 23
QS5 23 24 25

34 BIOER ABI 24 23 26 P P
Exicycler 23 24 24
QS5 33 33 23

35 BIOER ABI 35 39 25 LP LP
Exicycler 133 22
QS5 30 26 24

36 BIOER ABI 31 25 26 P P
Exicycler 26 26 24
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TaBLE 5: Continued.
COVID-19 Plus
SARS-CoV-2 M 2.0 MAScIR Kit RealAmp GeneFinderTM
Samples Kit
Extracteur Thermal cycler Target RdRp Target S IC Interpretation Result
QS5 31 32 23 P
37 BIOER ABI 32 30 25 P
Exicycler — 31 23 LP
QS5 14 15 23
38 BIOER ABI 15 14 27 P P
Exicycler 14 14 22
QS5 18 18 22
39 BIOER ABI 18 16 22 P P
Exicycler 18 18 21
QS5 31 31 22
40 BIOER ABI 31 30 22 P LP
Exicycler +32 30 21
QS5 34 33 28
41 BIOER ABI 36 33 30 LP LP
Exicycler — 34 27
QS5 349 33 25
42 BIOER ABI 34 33 27 LP LP
Exicycler 33 33 24
QS5 33.6 32 24
43 BIOER ABI 33 31 25 P P
Exicycler 32 31 23
QS5 27 23 24
44 BIOER ABI 28 23 26 P LP
Exicycler 23 23 23
QS5 — 36.9 26
45 BIOER ABI — 37 28 N N
Exicycler — — 25
QS5 15 16 24
46 BIOER ABI 16 15 27 P P
QS5 28 28 25
47 BIOER ABI 28 27 27 P P
QS5 29 29 24
48 BIOER ABI 30 29 25 P LP
QS5 27 27 23
49 BIOER ABI 27 2% 73 P P
QS5 13 13 24
>0 BIOER ABI 13 12 25 P P
QS5 18 19 26
51 BIOER ABI 19 18 28 P P
QS5 19 19 24
52 BIOER ABI 20 19 95 P P
QS5 30 30 24
53 BIOER ABI 31 29 2% P P
QS5 18 18 26
54 BIOER ABI 18 17 28 P P
QS5 24 19 24
55 BIOER ABI 23 18 25 P P
QS5 17 17 23
56 BIOER ABI 17 16 4 P P
57 BIOER ABI 24 23 26 P P
58 BIOER ABI 34 32 23 LP LP
59 BIOER ABI 31 25 26 P P
60 BIOER ABI 33 30 24 P P
61 BIOER ABI 15 14 25 P P

P, positive (target Ct <30); LP, low positive (target Ct from 31 to 36); N, negative (target Ct > 37).



11

(ordr03g) (M-1'V4g) UodIWQ (ZT'TA-NIVATd T TH A 08ued) 1'vd
(01d105g) (AI-T'Vg) WomIWQ (T TA-NIVATd T T4 03urd) 01'T'Ve
(01d100G) (M-1'Vg) woIIWQ (ZT'TA-NIVHTd T T2 08ued) 1'vd
(01d1008) (M-1'VE) woIIWQ (TT'TA-NIVHTd T T2 08ued) 1'vd
(01d100g) (-T'Ve) HoOITWQ (TT'TA-NIVATd T THA 0Sued) 1've

(01d1028) (MY-7°£19°T'q) BIFP ‘(ZT'TA-NYVATd T 1A 0Sued) €€ AV
(01d1038) (MN-7°£19°T'9) ®RA ‘(ZT'TA-NYVATd TTHa oued) €AV
(01d1038) (3MN-7219°T'9) BIPA “(ZT'TA-NUVATd ¢ T'¥ A odueq) ¢CITAV

NN 3y} Ul Pa3aalap 181y (L T 1) AYD 10/210207 DOA
NN Y} Ul pa3daep I8 (L TTd) XAID 10/21020C DOA
DN oY Ul pa3oa3ap IsIY (L T'T'd) AYD 10/71020T DOA
SN Ay} Ul pa1oaldp IIY (L TT'd) AdD 10/21020T DOA

NN 2Y) Ut p3o23ap 181y (L T'T'd) XD 10/21020C DOA

6¢C

9¢

9¢

81

LT

€C
LT
14

£3

0¢

£

€C

SI

6¢C

14

14

L1

9C

¥c
9¢
¥e

|£3

0¢

0¢

€C

<l

SSO
SSO
¢soO
N6
N

SSO
SSO
SSO

SsO
N
¢SO
SSO
N6

1S

9

87

14

69

0¢
44
574

3%

€C

9C

89

69

€EVLV6€ET TSI 1dd
LLTT96€T IST 1dd
6S8196€1 IST 1dd
€€6196€T ISI 1dd
¥€6196€1 "ISI 1dd

GE6T96€ET IST 1dd
9€6196€T 'IST 1dd
LE6196€T "ISI 1dd

9887061 'IST 1dd
L88Y061 IS 1dd
8887061 ISI I1dd
0905061 IST 1dd

6L0S061 IST 1dd

10T

/807 dINA/0390I0IN/6T-AODY
120t

/9% dIN/0290I0N/6T- AODY
120T
/L¥YdINA/0390I0IN/6T-AODY
10T

/YTy dINA/0330I0]N/6T-AODY
10T
/1€7-dINd/0390I0IN/6T-AODY
10T
[T9E€dIN/0390I0IN/6T- AODY

120T/18EdIN/0390I0IN/6T1-AODY

10T
/LLE-dINA/0330I0]N/6T-AODY
10T
/SST-dINA/0990I0N/6T- AODY
120t
/9ST-dINA/0990I0N/6T- AOOY
120t
/€9T-dINA/0990I0N/6T-AODY
120t
/08C-dINd/0320I0N/61-AODY
120t
/88T-dINd/0920I0N/61-AODY

(yeqey ‘dIN “ASojoutpajo1g [edIPIA JO A10)BI0QET YUIIO0) UOT) JUBLIE A

1981e1 1D 3981e) dYPY 1D
(SINHOD-430[011A

[enu2D) YIPSVIN 4Od

Jo A1oyeroqe

I9p£o TewrIoyy, xa§ a3y

(I UOISSaddy

SQWIBU STITA

‘Jeqey ‘dINd Jo 43ojouydasorg jo L1o1eroqe] ay) Je paduanbas pue AT a3 18 pasouderp uosorw( 10 ®)PJ ‘eyd[y aurf ay) 01 3urduolaq sased Wos Jo JIYSID U0 $IUIIJY :9 AT14V],

Advances in Virology



12

explained by the difference in the limit of detection (LoD)
between the two Kkits: 160 copies/mL for FilmArray and
500 copies/mL for MAScIR [7, 18, 19]. Moreover, the sen-
sitivity of the first MAScIR SARS-CoV-2 kit 1.0 has been
validated by the National Respiratory Infections Reference
Centre, as mentioned above. It is to be noted that three
studies provided data for the GeneFinder™ COVID-19 Plus
RealAmp [20-22].

5. Conclusion

Since the beginning of this pandemic, many SARS-CoV-2
detection PCR kits have been developed. In this context, the
MOLDIAG company, created by the MAScIR Foundation,
developed the first qualitative PCR kit designed and man-
ufactured in Morocco for the detection of SARS-CoV-2. This
study, carried out by the LCV team, has made it possible to
verify the performance of this new MAScIR SARS-CoV-2 M
2.0 kit. The results of the parameters studied are consistent
with the supplier’s recommendations and are consistent
with those of the reference method. This kit also has certain
advantages: the price, the manufacture, and the availability
in Morocco, as well as the amplification time (56 min), which
is reduced compared to the GeneFinder™ COVID-19 Plus
RealAmp Kit, which allowed to adopt it as a test for detection
of the routine SARS-CoV-2 in high-throughput labs.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.
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