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Abstract

To assess the practicability (usability and satisfaction) and analytical performances

of the VitaPCR™ SARS‐CoV‐2 Assay (Credo Diagnostics Biomedical Pte. Ltd.), a

rapid point‐of‐care nucleic acid amplification test (NAAT), by reference to real‐time

reverse‐transcription polymerase chain reaction (rRT‐PCR) for respiratory viru-

ses. The practicability of the VitaPCR™ Assay and Instrument was assessed from

usability evaluation and a satisfaction questionnaire. Nasopharyngeal swabs were

collected from 239 patients with coronavirus disease 2019 (COVID‐19)‐like illness

during the second epidemic wave, in Paris, France. Overall, the usability of the

VitaPCR™ Instrument was high. The satisfaction questionnaire indicated a high

appreciation of the VitaPCR™ NAAT mainly for the short duration of analysis in only

20min. A total of 140 and 99 samples were positive and negative for SARS‐CoV‐2
RNA by rRT‐PCR, respectively. In the event of significant viral load (i.e., N gene Ct

values 33), the platform's analytical performances dropped significantly, with lower

sensitivity, concordance, and accuracy, while its specificity remained high. The

VitaPCR™ SARS‐CoV‐2 Assay is an accurate rapid point‐of‐care NAAT, suitable for

clinical practice for the rapid diagnosis of COVID‐19, especially in patients with

COVID‐19‐suspected symptoms.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2), a
novel coronavirus that causes coronavirus disease 2019 (COVID‐19),
started in Wuhan province, China, in December 2019, and was de-

clared by the World Health Organization as a global pandemic on

March 11, 2020.1 SARS‐CoV‐2 infection has caused a worldwide

viral pandemic, with >1,670,455 deaths and >75,371,570 cases re-

ported internationally, with France reporting 2,427,316 cases and

59,619 deaths, as of December 18, 2020.2

Controlling the outbreak in the community and hospitals mainly

relied on the availability of highly sensitive and specific nucleic acid

amplification‐based molecular testing for SARS‐CoV‐2, which is the

gold standard for the diagnosis of SARS‐CoV‐2 in respiratory sam-

ples.3,4 Molecular assays are crucial for the rapid application of in-

fection control measures, case identification, and contact tracing.5

Several nucleic acid amplification test (NAAT) platforms are cur-

rently available to be used at central reference or hospital laboratory

levels. These large platforms are not suitable for small laboratory

structures such as district laboratory level, lacking high‐level facil-
ities and instruments, clinics, medical offices, and in general for de-

centralized diagnostics, as in establishments for the elderly, or even

airports. Indeed, one of the major drawbacks of these assays is the

need for viral nucleic acid extraction from clinical specimens. Fur-

thermore, the assay run times of 1–3 h are still too long for timely

decision support in a variety of important clinical situations (e.g., bed
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assignments for patients being admitted from the emergency de-

partment who may require cohorting by their COVID‐19 status).

Thus, diagnostic tests specific to SARS‐CoV‐2 infection are urgently

required to confirm suspected cases, screen patients, and conduct

virus surveillance. In this scenario, a point‐of‐care, rapid, robust, and
cost‐efficient device is crucial and urgently needed for the detection

of COVID‐19.6 Indeed, point‐of‐care tests are used to diagnose pa-

tients without sending samples to centralized facilities, thereby en-

abling communities without laboratory infrastructure to detect

infected patients.

In search for a platform with a shorter turnaround time, we

sought to evaluate the recently released VitaPCR™ SARS‐CoV‐2
Assay and Instrument (Credo Diagnostics Biomedical Pte. Ltd.). We

report herein our field experience on the practicability and analytical

performances of the VitaPCR™ SARS‐CoV‐2 Assay during the second

wave of COVID‐19 epidemic in Paris, France, from our continuous

quality improvement program required by the accreditation of

medical biology laboratories.

2 | MATERIALS AND METHODS

2.1 | Patients specimens and procedures

Patients who were suspected of COVID‐19 attending the Centre

Cardiologique du Nord—CCN, Saint‐Denis, France, were prospectively

included during the last second epidemic wave in France from

October to November 2020. Patients were subjected to nasophar-

yngeal flocked swab (Copan) in one nostril, and to the dedicated

nylon flocked swab of the VitaPCR™ SARS‐CoV‐2 kit in the other

nostril. SARS‐CoV‐2 RNA detection was first carried out by our re-

ference multiplex real‐time reverse‐transcription polymerase chain

reaction (rRT‐PCR) on native nasopharyngeal sample specimens. The

swab specimens for VitaPCR™ testing were kept frozen at −20°C

before use.

2.2 | Nucleic acid amplification testing

2.2.1 | Reference multiplex molecular detection of
SARS‐CoV‐2

Nucleic acid extraction was performed from a 300 μl elution volume

of nasopharyngeal flocked swab sample discharged in 1000 μl of

physiological serum (NaCl 0.9%), using EX3600 extractor (Liferiver

and Shanghai ZJ Bio‐Tech Co., Ltd), according to the manufacturer's

instructions, and finally eluted in 50 μl (final volume). SARS‐CoV‐2
was detected in 5 μl of extracted RNA using the multiplex real‐time

PCR novel coronavirus (2019‐nCoV) Real‐Time Multiplex RT‐PCR
Kit (detection for three genes) (Liferiver and Shanghai ZJ Bio‐Tech
Co., Ltd), and constituted the reference multiplex rRT‐PCR for SARS‐
CoV‐2 RNA detection. This assay can simultaneously detect

three coronavirus target genes, including the envelope protein gene

(E), the RNA‐dependent RNA polymerase gene (ORF1ab of RdRP

gene) and the nucleocapsid protein gene (N), using reverse tran-

scription followed by real‐time PCR, providing individual cyclic

threshold (Ct) values for each target gene. Real‐time PCR was carried

out with CFX96™ Real‐Time PCR Detection System (Bio‐Rad
Laboratories), according to the manufacturer's instructions. The ex-

periment and result interpretation were carried out according to the

manufacturer's protocol.

2.2.2 | VitaPCR™ SARS‐CoV‐2 Assay

The VitaPCR™ SARS‐CoV‐2 Assay performed on the VitaPCR™

Instrument (Credo Diagnostics Biomedical Pte. Ltd.; distributed in

France by Biosynex) is a rapid molecular in vitro diagnostic test

utilizing an rRT‐PCR amplification technology, using a patented

thermal control system and enzymes. The assay is used for the

qualitative detection of SARS‐CoV‐2 viral RNA without extraction in

nasopharyngeal and oropharyngeal swabs from patients with signs

and symptoms of respiratory infection who are suspected of COVID‐
19. Aiming at a real point‐of‐care solution, the sample preparation is

simplified in a 2min hands‐on time procedure. Additionally, the well‐
established lyophilization technique allows the assay to be stored at

room temperature (25°C) for 1 year.

The detection target for detection of SARS‐CoV‐2 RNA is in the

region of the virus nucleocapsid (N) gene. The assay is designed for first‐
line specific detection of the SARS‐CoV‐2 RNA. In addition, detection of

SARS‐like conserved region in N genes of SARS‐CoV‐2, SARS‐CoV, and
bat SARS‐like coronavirus is provided as confirmatory testing.7 An ad-

ditional primer/probe set to detect human β‐globin, which is also used as

a sample adequacy control, is included in the reagent for ensuring ade-

quate processing of sample and monitoring the presence of inhibition

factors in the rRT‐PCR process. During the whole reaction process, it is

possible to visualize the progress curves of the real‐time PCR for the

target SARS‐CoV‐2 and SARS‐CoV‐2‐like genes as well as for the internal
DNA control. At the end of the analysis, the Ct of each amplification

curve is given.

One by one thawed nasopharyngeal sample taken with the dedi-

cated nylon flocked swab was unloaded into a tube containing 4ml of

lysis buffer, with final analysis carried out with 30 μl of lysis buffer

containing the sample, which was taken with a calibrated pipette after

shaking to be placed in the PCR reagent tube containing a lyophilized

master mix, according to the manufacturer's instructions. The reagent

tube loaded with the sample was then placed on the VitaPCR™ Instru-

ment for analysis in approximately 20min. The experiment and result

interpretation were carried out according to the manufacturer's protocol.

In addition, the internal quality control (IQC) consisted of a synthetic

DNA of the SARS‐CoV‐2 N gene segment, which sequence is used for

both universal primer/probe and specific primer/probe set target (control

set for SARS‐CoV‐2 PCR produced by Biosynex)

Forty microlitres of IQC was added into the sample collection buffer

tube of the VitaPCR™ SARS‐CoV‐2 Assay, to process the test procedure.

IQC was carried out twice a week.
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2.2.3 | Practicability of the VitaPCR™ platform

The practicability evaluation of the study platform was divided into two

sub‐studies carried out by trained health care professionals.

2.2.4 | Substudy 1: Usability evaluation

The usability of the VitaPCR™ Instrument for the qualitative molecular

diagnosis of SARS‐CoV‐2 was assessed among volunteer health workers

from the laboratory, including six laboratory technicians and four biolo-

gists. The participants were first trained on both platforms, and every one

carefully read the instructions for each kit. Afterwards, the volunteers

performed at least five measurements with each system, then completed

the usability grid comprising 11 items (Figure 1).

2.2.5 | Substudy 2: Satisfaction questionnaire

Afterwards, the participants fulfilled the satisfaction questionnaire con-

cerning their experiences with the VitaPCR™ platform, comprising

11 items (Figure 1).

Each usability and satisfaction item received a note using an arbi-

trary quantitative five‐point Likert's scale8 ranging from 1 (very difficult),

2 (difficult), 3 (relatively easy) to 4 (easy) to 5 (very easy or comfortable).

2.2.6 | Statistical analyzes

Data were entered into an Excel database and analyzed using IBM®

SPSS® Statistics 20 software (IBM, SPSS Inc.). Means or medians were

calculated for quantitative variables and proportions for categorical

variables. The results were presented along with their 95% confidence

interval (CI) using theWilson score bounds for categorical variables.9 The

results of SARS‐CoV‐2 RNA detection by the multiplex rRT‐PCR (Life-

river and Shanghai ZJ Bio‐Tech Co., Ltd.) were used as the reference

standard to estimate the sensitivity and specificity of the VitaPCR™

platform to detect SARS‐CoV‐2 RNA, with corresponding 95% CI. The

concordance between the VitaPCR™ platform and multiplex molecular

detection of SARS‐CoV‐2 RNA was assessed by percent agreement

corresponding to the observed proportion of identical results between

VitaPCR™ compared to rRT‐PCR detection. The reliability between the

VitaPCR™ and the multiplex molecular detection of SARS‐CoV‐2 RNA

was estimated by Cohen's κ coefficient,10 and the degree of agreement

was determined as ranked by Landlis and Koch.11 The accuracy of the

VitaPCR™ platform to correctly diagnose SARS‐CoV‐2 infection was

estimated by Youden's J index (J = sensitivity + specificity−1).12 Positive

predictive values (PPV) and negative predictive values (NPV) were cal-

culated according to Bayes's formulae, by considering the official re-

ported prevalence of SARS‐CoV‐2‐RNA positivity in symptomatic

patients in the Paris area, France, on November 17, 2020 (Santé publique

France, 2020).

2.2.7 | Ethics statement

The study was used as a clinical evaluation of the continuous quality

improvement program and COVID‐19 management measures perfor-

mance evaluation, according to the national law on the accreditation of

medical biology laboratories,13 providing an exemption from informed

consent application, according to the French public health code (Code de

la Santé Publique, article L 1121‐1.1; https://www.legifrance.gouv.fr/). The

data set was completely anonymous and did not contain any identifiable

personal health information.

3 | RESULTS

3.1 | Practicability evaluation

Overall, the mean note of all usability items was 4.5 on the five‐point
Likert's scale (Figure 1). The mean note of all satisfaction items was

F IGURE 1 (A) Usability and (B) satisfaction. Evaluations of the VitaPCR™ SARS‐CoV‐2 Assay and Instrument (Credo Diagnostics Biomedical
Pte. Ltd.) for the qualitative molecular diagnosis of SARS‐CoV‐2 RNA among six technicians and four biologists. Each usability and satisfaction

item received a note using an arbitrary quantitative five‐point Likert's scale8 ranging from 1 (very difficult), 2 (difficult), 3 (relatively easy) to 4
(easy) to 5 (very easy or comfortable). For each item, the mean note is indicated by a point
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4.3. The easy storage condition of reagents, the short duration of

analysis in 20min, the little place occupied by the VitaPCR™ In-

strument and the possibility of point‐of‐care use of the VitaPCR™

Instrument were considered important strengths. However, only one

analysis per run and the lack of connection with the laboratory's

management computer system were seen as potential weaknesses.

3.2 | Analytical performances using clinical
samples

The analytical performances of the VitaPCR™ platform were as-

sessed on clinical nasopharyngeal secretions samples from 239 pa-

tients attending the Centre Cardiologique du Nord, Saint‐Denis,

France, for the diagnosis of COVID‐19, prospectively collected

around the peak of the second wave of the COVID‐19 epidemic in

France, using our routine multiplex rRT‐PCR for the detection of

SARS‐CoV‐2 RNA, as a reference method. Among them, 140 and 99

samples were positive and negative for SARS‐CoV‐2 RNA by rRT‐
PCR, respectively.

Overall, the VitaPCR™ platform showed high sensitivity, speci-

ficity, PPVs and NPVs of 90.0%, 99.0%, 94.6%, and 98.1%, respec-

tively (Table 1), as well as high or almost perfect agreement (93.7%),

reliability assessed by Cohen's κ coefficient (0.87), and accuracy as-

sessed by Youden's J index (89%) to detect SARS‐CoV‐2 RNA. These

analytical performances were further stratified according to the Ct

values of the N gene detected by reference rRT‐PCR, considering Ct‐
related criteria of very high (Ct ≤ 20) and high (Ct ≤ 33) SARS‐CoV‐2
RNA load.14,15 In the event of a very high and high viral load, the

analytical performances remained stable and excellent. However, in

the event of moderate or very low viral load (Ct > 33), the platform's

analytical performances dropped significantly, with lower medium

(60.0%) sensitivity, concordance, and accuracy, while its specificity

remained high.

4 | DISCUSSION

We herein evaluated the practicability and analytical performances

of VitaPCR™ SARS‐CoV‐2 Assay and Instrument, a rapid point‐of‐
care NAAT, by reference to multiplex rRT‐PCR for SARS‐CoV‐2 RNA

detection. Overall, the usability of the VitaPCR™ SARS‐CoV‐2 In-

strument was high with most items getting mean notes over four on

a five‐point Likert's scale. The satisfaction questionnaire indicated

high appreciation of the VitaPCR™ NAAT for its easy storage con-

dition of reagents, the short duration of analysis in only 20min, the

little place occupied by the VitaPCR™ Instrument and the possibility

of point‐of‐care use of the VitaPCR™ Instrument, although the

platform showed less developed and practical computing and that it

allowed only one sample to be analyzed at a time. In the event of

significant viral load (i.e., N gene Ct values < 33 by reference rRT‐
PCR), the VitaPCR™ NAAT showed high sensitivity (≥95%) and

specificity (≥99%) for SARS‐CoV‐2 RNA detection, with excellent

concordance, reliability, and accuracy of the VitaPCR™ platform with

the reference multiplex rRT‐PCR, and PPVs and NPVs above 94%.

However, in the event of low viral load, the analytical performances

were the only medium. Taken together, these observations demon-

strate that the VitaPCR™ NAAT harbored excellent practicability and

analytical performances in case of significant contagiousness, which

makes it suitable to be used as point‐of‐care NAAT in various hos-

pital and nonhospital settings where rapid molecular diagnosis of

SARS‐CoV‐2 is necessary.

Our observations confirm the previous analytical evaluation of

the VitaPCR™ platform for SARS‐CoV‐2 RNA molecular detection by

Fournier and colleagues,16 reporting similar high sensitivity (99.3%),

specificity (94.7%), PPV (88.6%), and NPV (99.7%) of the VitaPCR™

SARS‐CoV‐2 Assay and Instrument. In addition, our findings indicate

high usability and satisfaction concerning the VitaPCR™ platform and

also demonstrate that the VitaPCR™ platform may preferentially be

used in patients with significant viral load.

The practicability of VitaPCR™ SARS‐CoV‐2 Assay and Instru-

ment was assessed by usability and satisfaction questionnaires

completed by trained health care professionals. Overall, the assay

with its dedicated platform was easy to use and received excellent

appreciation for practical routine use. All reagents appeared very

accessible contained in the kit. The assay required only approxi-

mately 2–5min of hands‐on time. The transfer of the sample to the

reagent tube and the intuitiveness of the computer interface were

considered potential weaknesses. The very fast time of the result

with the VitaPCR™ platform and the possibility of point‐of‐care use

was particularly appreciated. Taken together, these observations

allow easy deployment of the VitaPCR™ platform in facilities where

licensed technologists may not be available or where technologists

are unfamiliar with high‐complexity PCR assays. Placement of the

VitaPCR™ platform in areas such as emergency departments may be

a solution to the replacement of insufficiently sensitive antigen tests

for COVID diagnosis.

Our results clearly show that the analytical performances of the

VitaPCR™ SARS‐CoV‐2 Assay and Instrument were much better in

the event of a high viral load, that is, in the case of significant viral

load. These observations demonstrate the interest in the VitaPCR™

SARS‐CoV‐2 Assay and Instrument as a rapid rule‐in test for

COVID‐19 with samples at a high viral load, in symptomatic patients

for example, and caution its use as a singular rule‐out test especially
in the setting of samples with low viral loads. The SARS‐CoV‐2 RNA

positive subpopulation of our clinical samples collection was char-

acterized by a wide range of Ct‐values with medium and low Ct‐
values dominating. This allowed the calculation of sensitivity and

specificity values with higher relevance for clinical practice. The Ct‐
dependent evaluation showed very good sensitivity for highly and

moderately SARS‐CoV‐2 positive samples (Ct ≤ 33). In contrast, the

sensitivity of the assay with specimens containing only limited viral

load was medium. Thus, the VitaPCR™ SARS‐CoV‐2 Assay and In-

strument may have limited suitability for the determination of the

SARS‐CoV‐2 infection status of patients with low viral excretion.

COVID‐19 infection would not be detected in patients in the early or
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late phase of the infection typically associated with a low viral load.

Otherwise and remarkably, the high performances of the VitaPCR™

SARS‐Cov‐2 Assay were obtained with no requirement for prior RNA

extraction. These performances are reminiscent to those obtained

with other NAATs for SARS‐CoV‐2 RNA qualitative detection,17–21

although there are sometimes significant analytical differences be-

tween the analyzers according to the populations tested and the

quality and processing of sampling.17,18,22 In addition, in our series,

we have stratified the nasopharyngeal samples according to the level

of viral load, indirectly evaluated by the value of the Ct of the N gene

according to the reference rRT‐PCR. Indeed, there is a trend to a

natural gradual decrease of the SARS‐CoV‐2 RNA load in the naso-

pharyngeal samples overtime during the course of infection, at the

origin of varying levels of contagiousness.23 Our results clearly show

that the analytical performances of the VitaPCR™ platform were

much better in the event of a high viral load, that is, in the case of

significant viral load. These observations demonstrate the interest

in the VitaPCR™ SARS‐CoV‐2 Assay as a rapid rule‐in test for

COVID‐19 with samples at high viral load, in symptomatic patients

for example, and caution its use as a singular rule‐out test especially
in the setting of samples with lower viral loads.

In the last decade, multiplex molecular detection for the si-

multaneous detection of respiratory pathogens has been developed

with high analytical performances.24 However, the high cost of

hospital molecular platforms, the complexity of the equipment re-

quired, the need for trained professionals and the delay of 2–4 h to

obtain the results with frequent unavailability on weekends and

during the night impaired the use of conventional NAATs for re-

spiratory viral infections such as influenza or SARS‐CoV‐2 diagnosis

even in hospital settings. Finally, the implementation of point‐of‐care
molecular testing for SARS‐CoV‐2 RNA could deliver benefits to

patient care admitted to hospital with COVID‐19‐related respiratory

illness in terms of more rapid confirmation of coronavirus infection, a

shorter length of stay, more rapid isolation practices of patients

tested positive, and shorter turnaround time, as previously shown for

influenza as compared to laboratory testing.25

The limitations of our study include a relatively small sample

size, inability to control for sampling variability, and lack of an ad-

ditional comparator method to discern the discrepancies between

VitaPCR™ and multiplex rRT‐PCR results. Another possible limita-

tion is the freezing of nasopharyngeal samples before their use with

the VitaPCR™ platform. Nevertheless, this factor might not have

significantly influenced the results, as the samples were handled

using the dedicated swab of the kit, and further tested in VitaPCR™

Instrument within the recommendations stipulated in the package

insert.

Finally, our observations confirm high usability and good ap-

preciation of VitaPCR™ platform for its short duration of analysis

(20min), the little place occupied, and the possibility of point‐of‐care
use, although only a single sample analysis is considered as a limiting

factor. Furthermore, the analytical performances of the VitaPCR™

platform were high and close to those of reference rRT‐PCR in

the event of significant viral load. In conclusion, the VitaPCR™

SARS‐CoV‐2 Assay is an accurate rapid point‐of‐care NAAT, suitable

for clinical practice for the rapid diagnosis of COVID‐19, especially in

patients with COVID‐19‐suspected symptoms.
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