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Abstract

Although patients infected with severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), influenza A, influenza B and respiratory syncytial virus (RSV) show comparable or

very similar manifestations, the therapeutic approaches of these respiratory viral infections

are different, which requires an accurate diagnosis. Recently, the novel multiplex real-time

reverse transcription-polymerase chain reaction assay AMPLIQUICK® Respiratory Triplex

(BioSynex SA, Illkirch-Graffenstaden, France) allows simultaneous detection and differenti-

ation of SARS-CoV-2, influenza A, influenza B, and RSV in respiratory tract samples. We

herein evaluated the performance of the AMPLIQUICK® Respiratory Triplex for the detec-

tion of the four viruses in respiratory specimens, using Allplex™ Respiratory Panel 1 and

2019-nCoV assays (Seegene, Seoul, Korea) as reference comparator assays. A total of

359 archived predetermined respiratory samples, including 83, 145, 19 and 95 positive

specimens for SARS-CoV-2, influenza A, influenza B and RSV respectively, were included.

The AMPLIQUICK® Respiratory Triplex showed high concordance with the reference

assays, with an overall agreement for SARS-CoV-2, influenza A, influenza B, and RSV at

97.6%, 98.8%, 98.3% and 100.0%, respectively, and high κ values ranging from 0.93 to

1.00, indicating an almost perfect agreement between assays. Furthermore, high correla-

tions of cycle threshold (Ct) values were observed for positive samples of the four viruses

between the AMPLIQUICK® Respiratory Triplex and comparator assays, with an overall

high agreement between Ct values assessed by Bland-Altman analyses. In conclusion,

these observations demonstrate that the multiplex AMPLIQUICK® Respiratory Triplex is a

reliable assay for the qualitative detection and differentiation of SARS-CoV-2, influenza A,

influenza B, and RSV in respiratory specimens, which may prove useful for streamlining

diagnostics during the winter influenza-seasons.
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Introduction

Since the emergence of the coronavirus disease 2019 (COVID-19) caused by the Severe Acute

Respiratory Syndrome coronavirus 2 (SARS-CoV-2), many countries face now a threat of con-

current circulation of SARS-CoV-2 with more common other respiratory viruses such as influ-

enza A and B, and the respiratory syncytial virus (RSV) [1–3]. These viruses share several

similarities in term of clinical symptoms, transmission routes and seasonal distribution [4, 5],

making challenging the differential diagnosis of these viral infections by healthcare providers.

In addition, co-infection with SARS-CoV-2 and influenza as well as other concurrent respira-

tory viruses have already been reported [6–17], with influenza A and RSV being the common-

est co-viruses in some settings [2].

Given that the treatment and management approaches for these infections are quite differ-

ent, this raises the problem of defining a diagnostic algorithm that is sufficiently robust and

reliable to be able to discriminate between these different viral infections. Clinical microbiol-

ogy and public health laboratories are likely facing pressure to offer parallel testing for these

viruses from a biological specimen of the same patient, optimally using assays allowing to

detect a single target, either SARS-CoV-2, influenza A and B, or RSV. However, positivity for

one target does not rule-out infection with another respiratory virus [6–8, 10, 11, 15, 17]. Con-

versely, clinicians cannot rule out a SARS-CoV-2 infection by ruling in other respiratory path-

ogens during the COVID-19 pandemic [12]. Therefore, it is crucial to detect the clinical

etiology to accurately rule out SARS-CoV-2 or other upper respiratory viral infections and to

appropriately monitor coinfections in patients with COVID-19.

An optimal diagnostic algorithm for testing patients with influenza-like disease is a multi-

plex assay that combines the four targets to test for SARS-CoV-2, influenza A, influenza B, and

RSV in the same specimen, in a single shut. To assist global efforts in the fight against the

spread of COVID-19 and influenza during the upcoming influenza-season, a number of man-

ufacturers are modifying existing assays to allow for multiplex testing of SARS-CoV-2 and

influenza A, influenza B, and RSV simultaneously [18–24].

In this study, we evaluated the analytical performances of the novel multiplex real-time

reverse transcription-polymerase chain reaction (rtRT-PCR) assay AMPLIQUICK1 Respira-

tory Triplex developed by BioSynex SA (Illkirch-Graffenstaden, France) for the simultaneous

detection and differentiation of SARS-CoV-2, influenza A, influenza B, and RSV in respiratory

specimens.

Materials and methods

Clinical specimen collection and reference molecular testing for respiratory

viruses

This monocenter, retrospective study included a total of 442 nasopharyngeal specimens or

broncho-alveolar lavage samples from adult patients (� 18 years old) suffering from influenza-

like signs and symptoms from 1st October 2008 to 30th August 2020. Globally, the study popu-

lation of this study was constituted by a total of 83 specimens from patients with confirmed

COVID-19 positive tests obtained during the first and second waves of the SARS-CoV-2 epi-

demic in France from March to August 2020. In addition, a total of 164 cryopreserved speci-

mens from patients positive for influenza A (145 specimens) or B infections (19 specimens)

and archived during the five 2015–2020 winter seasons were also included. Likewise, 95 cryo-

preserved specimens from patients with respiratory disease associated with RSV infections

tested mainly during the RSV outbreaks in Paris in 2008–2009 and 2012–2013 winter, and the

other during the two 2018–2020 autumn-winter seasons were included in this study. All
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patients infected by RSV were inpatients from the geriatric ward of our institution, or patients

admitted to the emergency unit for acute respiratory distress; all were above 65-year-old. All

samples positive for influenza or RSV during winter 2019–2020 were negative for SARS-CoV-

2 RNA. Finally, 100 archived respiratory specimens collected before the SARS-CoV-2 epi-

demic in France and negative for influenza A, influenza B and RSV were used as negative

controls.

Respiratory secretions corresponded mainly of nasopharyngeal specimens including naso-

pharyngeal aspirates and nasopharyngeal flocked swabs collected by a nurse or physician using

standardized methods, or broncho-alveolar lavage. After sampling, the nasopharyngeal swab

was discharged into a vial containing 3 mL of virus transport medium (Xpert1Viral Transport

medium, Cepheid, Sunnyvale, CA, USA). The respiratory specimens were then aliquoted, for

reference molecular testing of respiratory viruses and for further conservation at −80˚C until

use.

Molecular testing of respiratory viruses was carried out after automatic nucleic acid extrac-

tion with the STARMag 96x4 Universal Cartridge Kit (Seegene Seoul, Korea) using the All-

plex™ Respiratory Panel 1 assay (Seegene), a multiplex one-step rtRT-PCR that detects

common respiratory viruses, chosen as the reference rtRT-PCR for influenza A/B and RSV

RNA detection, as previously described [25]. Molecular testing of SARS-CoV-2 RNA used the

multiplex real-time PCR Allplex™ 2019-nCoV assay (Seegene), a reliable molecular assay

which can simultaneously detect 3 coronavirus target genes, including envelope protein gene

(E), RNA-dependent RNA polymerase gene (RdRP) and nucleocapsid protein gene (N), as

described [26]. Real-time RT-PCR was carried out with CFX96™ Real-Time PCR Detection

System (Bio-Rad Laboratories, Hercules, CA, USA), according to the manufacturer’s instruc-

tions. Extraction and PCR setup were controlled with Seegene Launcher IVD (Seegene) and

results were automatically analyzed using Seegene Viewer IVD software (Seegene). Individual

cycle threshold (Ct) values were recorded for each target gene.

Simultaneous detection of SARS-CoV-2, influenza A, influenza B, and RSV

by AMPLIQUICK1 Respiratory Triplex

Nucleic acid extraction was performed from 300 μL thawed aliquots of the eluted nasopharyn-

geal swab samples, nasopharyngeal aspirates and broncho-alveolar lavages using automated

nucleic acid extraction EX3600 extractor (Liferiver & Shanghai ZJ Bio-Tech Co., Shanghai,

China) with the Liferiver1 Viral RNA Extraction kit (Liferiver & Shanghai ZJ Bio-Tech Co.;

reference NE-0044).

The AMPLIQUICK1 Respiratory Triplex (BioSynex SA) is a multiplex rtRT-PCR assay for

the simultaneous detection and differentiation of SARS-CoV-2, influenza A, influenza B, and

RSV. The kit is composed of 96-well microplate pre-filled with the master mix containing

dNTPs, MgCl2, fluorescent primers and probes, Taq polymerase and reverse transcriptase

enzymes, and reaction buffer. The assay can simultaneously detect 2 coronavirus target genes,

including the SARS-like (including SARS-CoV-2, SARS-CoV, bat SARS-like coronavirus)

conserved region of envelope protein gene (E), and RNA-dependent RNA polymerase gene

(ORF1ab of RdRP gene), the gene encoding the matrix protein (M) of influenza A, the gene

encoding the hemagglutinin (HA) of influenza B, and the gene encoding the matrix protein

(M) of RSV A and RSV B, providing individual Ct values for each target gene. The detection of

amplified virus cDNA fragment is performed in fluorimeter channels FAM for E gene of

SARS-CoV-2 and M gene of influenza A, HEX for RdRP gene and HA gene of influenza B,

and Cy5 for the M gene of RSV. In addition, the kit contains a system to identify possible PCR

inhibition by measuring the Cy5 fluorescence of the human RNase P gene as internal control.
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This assay was performed on the CFX96™ Real-Time PCR Detection System (Bio-Rad Labora-

tories) according to the manufacturer’s instructions. The experiment and result interpretation

were carried out according to the manufacturer’s protocol.

Clinical performance comparison using clinical samples

The Allplex™ Respiratory Panel 1 and Allplex™ 2019-nCoV assays were used as reference com-

parator assays. Seegene’s Allplex Respiratory Panel 1 assay was shown to be highly sensitive,

specific, and suitable for detection of influenza A and B and RSV [25].

Specimens with discordant results between the AMPLIQUICK1 Respiratory Triplex and

comparator assays were further resolved with third alternative assays, including the multiplex

rtRT-PCR Novel Coronavirus (2019-nCoV) Real-Time Multiplex RT-PCR Kit (Detection for

3 Genes) (Liferiver & Shanghai ZJ Bio-Tech Co.) for SARS-CoV-2 and the Xpert1 Xpress Flu/

RSV kit (Cepheid, Sunnyvale, CA, USA) for influenza A, influenza B and RSV.

Statistical analysis

Data were entered into an Excel database. Means and standard deviations (SD) were calculated

for quantitative variables and proportions for categorical variables. The results were presented

along with their two-sided 95% confidence interval (CI) using the Wilson score bounds for

categorical variables [27].

Firstly, the results of SARS-CoV-2, influenza A, influenza B and RSV detection by the mul-

tiplex molecular detection of SARS-CoV-2 and other respiratory viruses (Allplex™ assays) were

used as the reference standard to estimate the sensitivity and specificity of the AMPLI-

QUICK1 Respiratory Triplex, with corresponding 95% CI. The concordance between the

AMPLIQUICK1 Respiratory Triplex and the reference comparator assays was assessed by

percent agreement corresponding to the observed proportion of identical results between

AMPLIQUICK1 Respiratory Triplex and the comparator assays. The reliability between the

AMPLIQUICK1 Respiratory Triplex and the comparator assays was estimated by Cohen’s κ
coefficient [28], and the degree of agreement was determined as ranked by Landlis and Koch

[29]. The accuracy of the AMPLIQUICK1 Respiratory Triplex to correctly diagnose SARS--

CoV-2, influenza A, influenza B and RSV was estimated by Youden’s J index (J = sensitivity

+ specificity − 1) [30]. Positive predive value (PPV) and negative predictive value (NPV) were

calculated for the AMPLIQUICK1 Respiratory Triplex according to the Bayes’s formula,

using the overall prevalence of 16.2% on 17th November 2020 of SARS-CoV-2-RNA positivity

in COVID-19-suspected patients during the peak of the second wave of the COVID-19 epi-

demic in France [Santé publique France 2020; https://www.santepubliquefrance.fr/], and the

observed prevalences of influenza (38.0%) and RSV (3.7%) infections in adults admitted to

hospital in France with influenza-like illness during three influenza-seasons (2012–2015) in

France [31].

Secondly, further correlations and quantitative agreement analyses were assessed. First, cor-

relations between the Ct values of target genes obtained by the AMPLIQUICK1 Respiratory

Triplex and the reference Allplex™ and rtRT-PCRs were established by the Passing-Bablok

nonparametric linear regression method [32]. Secondly, the agreement between the AMPLI-

QUICK1 Respiratory Triplex and Allplex™ rtRT-PCRs was depicted by difference plots as pro-

posed by Bland and Altman [33, 34]. The Bland-Altman analyses were carried out to calculate

the mean of absolute bias and limits of agreement, respectively, corresponding to the 95% CI

[± 1.96 × standard deviation (SD)] of the mean absolute bias of all paired measurements [34].

The P-value < 0.05 was considered as statistically significant.
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Statistical analyses were performed using Method Validator software version 1.1.9.0. (Phi-

lippe Marquis, France) and XLSTAT v19.1 software (Addinsoft, Paris, France).

Ethical statement

The study was conducted as a continuous quality improvement program for SARS-CoV-2,

influenza and RSV diagnosis and care, consistent with institutional policies on the accredita-

tion of medical biology laboratories [35]. The dataset was completely anonymous and did not

contain any identifiable personal health information. Our non-interventional study was car-

ried out in accordance with the Declaration of Helsinki without extra sample collection com-

pared to usual procedures. In particular, respiratory specimens were obtained only for

standard diagnostic following medical prescriptions and care. Under these conditions, the

study was exempted 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/). Data

analyses were carried out using the anonymized database.

Results

The Table 1 depicts the analytical performances of the AMPLIQUICK1 Respiratory Triplex to

simultaneously detect SARS-CoV-2, influenza A, influenza B and RSV from of a total of 442

respiratory specimens including 83 samples positive for SARS-CoV-2 RNA by the reference

test (Allplex™ Respiratory Panel 1 and Allplex™ 2019-nCoV assays, Seegene), 259 archived

respiratory samples positive for influenza A, influenza B or RSV, and 100 samples collected

before the SARS-CoV-2 epidemic in France and negative for influenza A and B and RSV.

Analytical results

The 83 respiratory specimens positive for SARS-CoV-2 RNA showed detectable E and RdRP

genes by Allplex™ 2019-nCoV assay, whereas only 81 and 68, respectively, were positive for

RdRP and E genes by AMPLIQUICK1 Respiratory Triplex. All samples positive for E gene

were also positive for RdRP gene. Finally, according to the manufacturer’s instructions of the

AMPLIQUICK1 Respiratory Triplex (BioSynex SA), human RNase P-, E- and RdRP- positive

samples as well as human RNase P- and RdRP- positive samples were considered as positive

for SARS-CoV-2 RNA. Two SARS-CoV-2-positive samples found negative by AMPLI-

QUICK1 Respiratory Triplex, showing Ct of 37.8 and 39.1, respectively, in E gene, and Ct of

39.7 and 40.5, respectively, in RdRP gene by Allplex™ 2019-nCoV assay, were further tested

positive by the 2019-nCoV Multiplex rtRT-PCR assay for SARS-CoV-2 RNA detection (Liferi-

ver & Shanghai ZJ Bio-Tech Co.). All the 259 archived predetermined respiratory samples pos-

itive for influenza A, influenza B or RSV, and the 100 samples collected before the SARS-CoV-

2 epidemic in France and negative for influenza A and B and RSV, were negative for SARS--

CoV-2 RNA by AMPLIQUICK1 Respiratory Triplex.

Among 145 respiratory specimens positive for influenza A and 19 positive for influenza B

by reference Allplex™ Respiratory Panel 1 assay, 142 and 17, respectively, were found concor-

dantly positive by AMPLIQUICK1 Respiratory Triplex. The 3 influenza A-positive and 2

influenza B-positive samples found negative by AMPLIQUICK1 Respiratory Triplex showed

Ct of 35.5, 37.0, 37.9, 35.0 and 33.7, respectively, by Allplex™ Respiratory Panel 1 assay, and

were further tested positive by Xpert1 Xpress Flu/RSV kit. All 95 respiratory specimens posi-

tive for RSV by reference Allplex™ Respiratory Panel 1 assay, were found positive by AMPLI-

QUICK1 Respiratory Triplex. There was 5 cases of influenza A and RSV co-infections,

similarly detected by the reference Allplex™ Respiratory Panel 1 assay and by the AMPLI-

QUICK1 Respiratory Triplex. Finally, all 100 samples collected before the SARS-CoV-2
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epidemic in France and negative for influenza A/B and RSV by reference Allplex™ assay were

found negative by AMPLIQUICK1 Respiratory Triplex.

Agreement between AMPLIQUICK1 Respiratory Triplex and comparator

assays

For the detection of SARS-CoV-2 RNA, the AMPLIQUICK1 Respiratory Triplex showed

high sensitivity, specificity, PPV and NPV of 97.6%, 100.0%, 100.0% and 99.5%, respectively,

Table 1. Analytical performances of the AMPLIQUICK1 Respiratory Triplex (BioSynex SA) for the simultaneous detection of SARS-CoV-2, influenza A, influenza

B and RSV by comparison to the results from the Allplex™ Respiratory Panel 1 and Allplex™ 2019-nCoV assays (Seegene) used as reference tests.

AMPLIQUICK1 Respiratory Triplex

N Positive Negative Sensitivity

(% [95%
CI])μ

Specificity

(% [95%
CI])

Agreementa

(% [95%
CI])

Concordanceb

(% [95% CI])
Youden’

J indexc

(% [95%

CI])

PPVd

(% [95%
CI])

NPVd

(% [95%
CI])

Reference

assays

SARS-CoV-

2

Positive All

Ct
$

values

83 81 2 97.6

[95.7–98.7]

100

[99.1–

99.9]

99.5

[98.3–99.9]

98.4

[96.7–99.2]

97.6

[95.7–

98.7]

100

[99.1–

100]

99.5

[98.3–

99.9]

� 33 47 47 0 100

[99.1–100]

100

[99.1–100]

100

[99.1–100]

100

[99.1–100]

100

[99.1–

100]

100

[99.1–

100]

100

[99.1–

100]

> 33 36 34 2 94.4

[91.7–96.3]

100

[99.0–100]

99.5

[98.1–99.9]

97.0

[94.8–98.3]

94.4

[91.7–

96.3]

100

[99.0–

100]

98.9

[97.3–

99.5]

Negative 359 0 359 - - - - - - -

Influenza A Positive 145 142 3 97.9

[95.2–99.1]

100

[98.4–100]

98.8

[96.5–99.6]

97.4

[94.5–98.8]

97.9

[95.2–

99.1]

100

[98.4–

100]

98.7

[96.3–

99.5]
Negative 100 0 100

Influenza B Positive 19 17 2 89.5

[82.7–93.8]

100

[96.9–100]

98.3

[94.0–99.5]

93.3

[87.3–96.6]

89.5

[82.7–

93.8]

100

[96.9–

100]

93.5

[87.6–

96.7]
Negative 100 0 100

Influenza

A/B

Positive 164 159 5 96.9

[94.0–98.4]

100

[98.6–100]

98.1

[95.6–99.2]

96.0

[92.9–97.8]

96.9

[94.0–

98.4]

100

[98.6–

100]

98.1

[95.6–

99.2]
Negative 100 0 100

RSV Positive 95 95 0 100

[98.1–100]

100

[98.1–100]

100

[98.1–100]

100

[98.1–100]

100

[98.1–

100]

100

[98.1–

100]

100

[98.1–

100]
Negative 100 0 100

a Agreement = TP + TN / TP+FP+TN+FN, expressed in percentage
b The Cohen’s κ coefficient calculation was used to estimate the concordance [28] and interpreted according the Landis and Koch scale [29], as follows: < 0 as indicating

no agreement, 0–0.20 as slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial, and 0.81–1 as almost perfect concordance
c The accuracy of the AMPLIQUICK1 Respiratory Triplex platform to correctly diagnose SARS-CoV-2 infection was estimated by Youden’s J index (J = sensitivity

+ specificity − 1) [30]
d PPV and NPV were calculated according to the Bayes’s formulae, by taking into account the official reported prevalence of SARS-CoV-2-RNA positivity in COVID-

19-suspected patients in Paris’s area, France, of 16.2% on 17th November 2020 [Santé publique France 2020; https://www.santepubliquefrance.fr/], as well the observed

prevalences of influenza (38.0%) and RSV (3.7%) infections in adults admitted to hospital in France with influenza-like illness during the 2012–2015 influenza-seasons

in France [31]
μ 95% confidence intervals in brackets were calculated by using the Wilson score bounds
$ The Ct values of RdRP gene detection by the rtRT-PCR Allplex™ 2019-nCoV assay (Seegene) were used to classify nasopharyngeal samples according to their level of

SARS-CoV-2 RNA excretion; Ct < 33 was taken as threshold of high SARS-CoV-2 RNA excretion, as previously stated [16, 36, 37].

CI: Confidence interval; Ct: Cycle threshold; NPV: Negative predictive value; PPV: Positive predictive value; rRT-PCR: real-time reverse transcription-polymerase chain

reaction; RSV: Respiratory syncytial virus.

https://doi.org/10.1371/journal.pone.0262258.t001
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high or almost perfect agreement (99.5%), reliability assessed by Cohen’s κ coefficient (0.98),

and accuracy assessed by Youden’s J index (87.6%) to detect SARS-CoV-2 RNA.

The analytical performances of the AMPLIQUICK1 Respiratory Triplex were also strati-

fied according to the Ct values of the N gene detected by reference Allplex™ 2019-nCoV assay,

considering Ct-related criteria of high (Ct�33) SARS-CoV-2 RNA excretion [16, 36, 37]. In

case of high viral excretion, the analytical performances of the AMPLIQUICK1 Respiratory

Triplex remained excellent. In the event of moderate or very low viral excretion (Ct>33), the

sensitivity, concordance and accuracy of the AMPLIQUICK1 Respiratory Triplex dropped

slightly, while the specificity, PPV and NPV remained constant.

For influenza A and B infection as well as RSV infection, the AMPLIQUICK1 Respiratory

Triplex showed similarly high sensitivity, specificity, PPV, NPV, agreement, reliability and

accuracy, with an overall agreement for influenza A, influenza B, and RSV at 98.8%, 98.3% and

100.0%, respectively, and high κ values ranging from 0.93 to 1.00, indicating an almost perfect

agreement between assays.

Association of Ct values between AMPLIQUICK1 Respiratory Triplex and

comparator assays

The non-parametric Passing-Bablok regression analyses between the Ct values of samples posi-

tive for SARS-CoV-2, influenza A, influenza B or RSV obtained by both the AMPLIQUICK1

Respiratory Triplex and the Allplex™ comparator assays are shown in Fig 1. There was a

remarkably high correlation between Ct values of positive samples by the two assays for

SARS-CoV-2 (r2 = 0.911 for E gene and r2 = 0.908 for RdRP gene), influenza A (r2 = 0.951)

and influenza B (r2 = 0.978), while RSV showed moderate correlation with r2 = 0.772

(P<0.001 for all correlations). The slopes for all viruses were around 1, and their intercepts

were also close to 1, ranging from -0.176 to 1.544.

Mean absolute bias and their limits of agreement measured by Bland-Altman analyses

between Ct values obtained by AMPLIQUICK1 Respiratory Triplex and reference Allplex™
assays are depicted in Fig 1 for each target genes of SARS-CoV-2, influenza A/B and RSV.

Finally, the mean absolute bias over the entire range of rtRT-PCR results for all viruses or tar-

get genes, was +0.665 Ct arbitrary unit (a.u.) (95% CI: 0.483–0.844) with limits of agreement

from −5.311 to 3.981 Ct a.u.

Discussion

In the present study, the novel multiplex rtRT-PCR assay AMPLIQUICK1 Respiratory Tri-

plex for the simultaneous detection of SARS-CoV-2, influenza A, influenza B, and RSV showed

high level of sensitivity, specificity, agreement, reliability and accuracy with reference compar-

ator assays for the qualitative detection and differentiation of SARS-CoV-2, influenza A, influ-

enza B, and RSV across a wide range of tested Ct values of the four viruses. Furthermore, high

correlations of Ct values were observed for positive samples of the four viruses between the

AMPLIQUICK1 Respiratory Triplex and reference comparator assays, with an overall high

agreement between Ct values assessed by Bland-Altman analyses. This 96-well microplate rt

RT-PCR associated with high-capacity automatic extractor provides a significant throughput

in clinical biology. Overall, our observations indicate that the AMPLIQUICK1 Respiratory

Triplex assay is a reliable test for detecting SARS-CoV-2, influenza A, influenza B and RSV in

respiratory samples. The analytical performance of this test appears to be of the same order as

that of similar molecular methods currently used for the detection of these viruses in clinical

samples. The ability to detect four respiratory viruses of interest in a single reaction makes it
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possible to rationalize and optimize the laboratory work and the management of patients suf-

fering from respiratory manifestations in the context of influenza seasons.

There were only seven discordant samples for SARS-CoV-2, influenza A and influenza B,

and these were resolved by third alternative assays. The discordant samples had high Ct values

by the reference tests, which indicates that they probably had a low viral load or that the

freeze-thaw steps could have damaged the nucleic acids in these samples, which resulted in

negative impact on the detection of viral RNAs [38]. Furthermore, negative sample results can-

not exclude inadequate sampling, or inadequate sample integrity of targets [39]. The introduc-

tion of the human RNase P gene as internal control in the AMPLIQUICK1 Respiratory

Triplex allowed however confirming in part adequate sample specimens and appropriate test-

ing conditions.

Fig 1. Passing-Bablok and Bland-Altman analyses of Ct values obtained by AMPLIQUICK1 Respiratory Triplex rtRT-PCR (BioSynex SA) and

comparator assays. Passing-Bablok nonparametric linear regression curves between the Ct values obtained by the AMPLIQUICK1 Respiratory Triplex

rtRT-PCR (BioSynex SA) and the Allplex™ Respiratory Panel 1 and Allplex™ 2019-nCoV assays (Seegene), used as reference comparator assays, and Bland-

Altman analyses on the relative differences between the Ct values obtained by the AMPLIQUICK1 Respiratory Triplex and the reference Allplex™ assays,

calculated from Ct values results of paired detection of SARS-CoV-2 E gene (A.), SARS-CoV-2 RdRP gene (B.), influenza A and B RNA (C.) and RSV RNA (D.)

in archived predetermined clinical respiratory samples. For Passing-Bablok nonparametric linear regression curves, the diagonal dotted line depicts the ideal line

(i.e. no bias), whereas the full line indicates the regression line of the distribution. For the Bland-Altman analyses, the full line depicts the mean relative

difference, the dotted lines indicate the superior and inferior limits of agreement, and the arrow is the x abscise axis. Quantitative results are Ct values for each

virus or target genes detected. Only results from samples positive by both AMPLIQUICK1 Respiratory Triplex and reference Allplex™ assays were used for

analyses. Ct: Cycle threshold.

https://doi.org/10.1371/journal.pone.0262258.g001
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Even if patients infected with SARS-CoV-2, influenza A, influenza B or even RSV often

present similar clinical pictures, their therapeutic management is quite different and specific

for each respiratory viral infection. Molecular diagnostic tests quickly providing a reliable

result constitute an important element in controlling these respiratory infections properly, and

in adopting the best therapeutic choices. The SARS-CoV-2 pandemic has impacted algorithms

for influenza-like-illness testing. During influenza seasons, molecular influenza diagnosis is

recommended, especially if the patient is at risk of hospitalization or if the test result may

impact patient management. [40]. From now on, the laboratory diagnosis of influenza during

the flu winter season is become essential due to the circulation of SARS-CoV-2, overlapping

clinical presentations of both influenza and COVID-19, as well as distinct infection control

and public health ramifications of the two viruses in the setting of the global COVID-19 pan-

demic. Testing all patients presenting with influenza-like illness or COVID-19-like illness for

relevant circulating respiratory viruses will be critical to the diagnosis and appropriate care of

the patient, to identify co-infections, and to initiate appropriate public health surveillance and

response to the on-going pandemic and collect accurate surveillance data. Otherwise, RSV

detection is particularly valuable due to the seasonal overlap with influenza and similar symp-

toms in some patient populations including elderly and immunocompromised patients [41].

In addition, the periods of influenza-seasons aggravate the pressure on diagnostic laborato-

ries, already acing unprecedented demand for molecular diagnostics due to the ongoing

SARS-CoV-2 pandemic. Just like COVID-19, influenza is a major concern for infection con-

trol within healthcare facilities and symptoms are largely indistinguishable, particularly in the

early phase of disease [42]. Consequently, SARS-CoV-2 and influenza viruses need to be con-

currently tested for before contact precaution measures can be lifted for symptomatic patients.

Finally, in light of the continuing worldwide shortage of supplies for nucleic acid extraction

and PCR diagnostics, it appears desirable to be able to screen for all four viruses (SARS-CoV-

2, influenza A, influenza B and RSV) within the same reaction.

Currently, multiple molecular diagnosis assays for SARS-CoV-2 RNA detection from rapid

turnaround time to fully automated testing have been developed [43]. The association of the

detection of SARS-CoV-2 with most other respiratory viruses quickly emerged from a syndro-

mic diagnostic perspective. By this time, commercial providers have proposed multiplex

molecular assays for numerous respiratory viruses, including SARS-CoV-2, such as single-use

cassette with dedicated equipment [18, 19, 22] or multiplex rtRT-PCR assays usable on open

system. However, the single-use cassette is high cost, with the requirement of dedicated instru-

ment, and a low yield. Further, multiplex assays have been associated with higher reagent costs

and lower sample processing capacity per day. Finally, the improvement of diagnostic testing

was accomplished in practice by only diagnosing the four viruses of clinical interest. Thus, lim-

ited diagnosis strategy has been developed for simultaneous detecting SARS-CoV-2, influenza

A, influenza B, and RSV, including in-house assays [44] as well as commercial assays, such as

point-of-care rapid testing [20, 21] and high-throughput testing with open analyzers [23, 24].

Other options were the detection limited to SARS-CoV-2 and influenza viruses [45, 46]. The

AMPLIQUICK1 Respiratory Triplex constitutes a solution adapted to the molecular diagnosis

of the 4 viruses of interest, implantable on any open molecular biology platform, with manual

or automatic extraction, at lower cost of reagents, with the possibility of series going up to 96

points in 3h30. As a result, implementing the multiplex AMPLIQUICK1 Respiratory Triplex

is projected to have a positive impact during the winter seasons associated with the upfront

simultaneous testing of SARS-CoV-2, influenza A and B, and RSV, in a context of rapid turn-

around time. Using in routine the AMPLIQUICK1 Respiratory Triplex that targets all rele-

vant respiratory viruses in the same well would allow for the detection of other viral infections

in patients suspected of having COVID-19, that could expand the number of laboratories able
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to test for SARS-CoV-2 without ignoring coinfecting pathogens as alternative diagnoses for

the decided treatment regimen.

Limitations of the study include the relatively small sample size for some viruses (influenza

B and RSV). This was due to the small number of positive samples in the previous influenza-

seasons in Paris and during the first and second waves of the COVID-19 epidemic in France.

Second, this is a single-center study in which the AMPLIQUICK1 Respiratory Triplex assay

needs to be further evaluated in other testing sites. Third, the study was retrospective and was

conducted on frozen samples, which can lead to selection and sample quality bias.

Conclusion

The overall performance of the AMPLIQUICK1 Respiratory Triplex was highly comparable

to that of reference multiplex rtRT-PCR for the qualitative detection and differentiation of

SARS CoV-2, influenza A, influenza B, and RSV in respiratory specimens. This novel assay

may prove useful for streamlining diagnostics during the upcoming winter influenza-seasons.
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