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Abstract: Dengue is a serious mosquito-transmitted disease caused by the dengue virus (DENV).
Rapid and reliable diagnosis of DENV infection is urgently needed in dengue-endemic regions.
We describe here the performance evaluation of the CE-marked VIDAS® dengue immunoassays
developed for the automated detection of DENV NSI antigen and anti-DENV IgM and IgG antibodies.
A multicenter concordance study was conducted in 1296 patients from dengue-endemic regions in
Asia, Latin America, and Africa. VIDAS® dengue results were compared to those of competitor
enzyme-linked immunosorbent assays (ELISA). The VIDAS® dengue assays showed high precision
(CV £10.7%) and limited cross-reactivity (<15.4%) with other infections. VIDAS® DENGUE NS1 Ag
showed high positive and negative percent agreement (92.8% PPA and 91.7% NPA) in acute patients
within 0-5 days of symptom onset. VIDAS® Anti-DENGUE IgM and IgG showed a moderate-to-high
concordance with ELISA (74.8% to 90.6%) in post-acute and recovery patients. PPA was further
improved in combined VIDAS® NS1/IgM (96.4% in 0-5 days acute patients) and IgM/IgG (91.9% in
post-acute patients) tests. Altogether, the VIDAS® dengue NS1, IgM, and IgG assays performed well,
either alone or in combination, and should be suitable for the accurate diagnosis of DENV infection
in dengue-endemic regions.

Keywords: dengue diagnosis; DENV; NS1 antigen; IgM and IgG antibodies; ELISA; VIDAS®

1. Introduction

Dengue is a mosquito-transmitted disease caused by one of the four dengue viruses
(DENV) serotypes (DENV-1 to DENV-4) [1,2]. With an estimated 96 million annual symp-
tomatic infections, spreading mainly in Asia (70%), Africa (16%), and the Americas (14%),
dengue disease is a major public health concern [2-5]. The course of the disease ranges
from mild to severe, with an early febrile (acute) phase lasting 2-7 days followed by a
critical phase that may either worsen, evolving to a life-threatening course (severe dengue),
or improve to full recovery usually within 1-2 weeks [1,2,5]. In the absence of specific
antiviral therapy, supportive care can effectively control severe dengue progression [1,2,5].
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The administration of supportive care and other management protocols highly depend
on an early and reliable dengue diagnosis. Early dengue diagnosis based on clinical man-
ifestations is challenging, as early symptoms do not differentiate between dengue and
other febrile diseases [1,2,5,6]. Apart from individual patient management, reliable and
rapid DENYV infection diagnosis is crucial to monitor and control dengue outbreaks in
dengue-endemic regions [1,2,5,6]. Therefore, there is an urgent need for easy-to-use, rapid,
and accurate DENV-specific diagnostic assays.

Current guidelines recommend detecting circulating DENV RNA by reverse-transcription
PCR (RT-PCR) and/or the secreted viral non-structural protein 1 (NS1) antigen by im-
munoassay within the first 5-7 days of illness (acute phase) to confirm DENV infec-
tion [5,7,8]. Following the acute phase, the detection of anti-DENV immunoglobulin
M (IgM) and/or G (IgG) using an immunoassay, such as an enzyme-linked immunosorbent
assay (ELISA) or an immuno-chromatographic rapid diagnostic test (RDT), is highly sugges-
tive of a prior (primary or secondary) DENV infection [5,7,8]. As a result of the kinetics of
response of these different markers (DENV RNA, DENV NS1 antigen, and anti-DENV IgM
and IgG), their combined testing can increase the sensitivity of the diagnosis by extending
the DENV diagnostic window [1,2,5,7-16].

RDT has been widely implemented in field settings. They are easy to use and
rapid (about 20 min for interpretation). Their visual interpretation is however operator-
dependent [17], and they lack in sensitivity [9,12,16,18-23]. ELISA is more sensitive than
RDT [9,12,16,18-23], but its manual execution limits its routine implementation in field
settings, notably at times of dengue outbreaks. We recently described the performance of
three VIDAS® dengue prototype assays developed for the detection of DENV NS1 antigen
and anti-DENV IgM and IgG antibodies [24]. VIDAS® dengue are fully automated im-
munoassays intended as an aid in the diagnosis of DENV infection in symptomatic patients.
The three VIDAS® dengue assays can be tested in parallel or independently. They are
rapid (40-60 min to result), easy to use, and easy to interpret (positive or negative) with no
equivocal zone. Prototype performance was evaluated in 91 Lao patients with acute DENV
infection. We showed that VIDAS® dengue prototypes performed well in comparison to
manual competitor ELISA, both in adults and children, and that they outperformed RDT in
the diagnosis of acute DENV infection [24].

The aim of this international, multicenter study was to evaluate the clinical perfor-
mance of the three CE-marked VIDAS® dengue immunoassays: VIDAS® DENGUE NS1 Ag
(DEAG), VIDAS® Anti-DENGUE IgM (DENM), and VIDAS® Anti-DENGUE IgG (DENG)
in the main dengue-endemic regions of the world (Asia, Latin America, and Africa). A total
of 1296 samples from patients with suspected DENV infection were tested with the VIDAS®
dengue assays and compared to manual competitor ELISA. The results were interpreted
using a stage-based algorithm considering the outcomes of the three dengue NS1, IgM,
and IgG assays and defining different stages of DENV infection (acute, post-acute, and
recovery) as well as a naive status (i.e., patients with other febrile illnesses). Furthermore,
we evaluated the analytical performance (precision, cross-reactivity) of the three VIDAS®
dengue immunoassays. Altogether, this multicenter study demonstrated that the VIDAS®
dengue NS1, IgM, and IgG assays performed well compared to the competitor ELISA,
either alone or in combination, and therefore that they should be suitable for the accurate
diagnosis of DENV infection in febrile patients from dengue-endemic regions.

2. Materials and Methods
2.1. Patients and Samples

A total of 1636 sera were collected between September 2015 and October 2020 from
patients with a suspected DENV infection who presented at the hospital with one or more
of the following symptoms: fever, headache, diarrhea, myalgia, arthralgia, retro-orbital
pain, thrombocytopenia, edema, rash, and nausea (Figure 1). Samples were collected
prospectively or retrospectively in several dengue-endemic regions, including Asia (India,
Vietnam, and the Philippines), Latin America (Brazil, Peru, Honduras, and the Dominican
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Republic), and Africa (Burkina Faso), and tested in central laboratories at three distinct
sites, as described in Table 1.

Collected samples of suspected cases
of dengue virus (DENV) infection
(n=1636)

Excluded from analysis (17 = 340)

= Not meeting inclusion criteria (1 = 18)
* Not tested with all assays (1 = 319)

= Database ID error (1= 3)

Analysed samples (1 = 1296)
= Acute JA] (n = 281)
= Post-acute [P] (n =123)
* Recovery [R] {n = 626)
* Naive [N] (n =175)
= Unclassified (1 = 91)

Excluded (n = 91)
| = Unclassified DENV
infection
Clobal concordance analysis Concordance analysis per DENV infection
(n=1296) stage (n =1205)
Dengue Anti- Anti- Dengue Anti- Anti-
NS1 dengue IgM dengue IgG NS1 dengue IgM dengue IgG
Excluded Excluded Excluded Excluded Excluded
L, (m=1 .| (n=154) L, (r=3) L, (=1 L, @=67)
= Equivocal = Equivocal = Equivocal = Equivocal = Equivocal
competitor competitor competitor competitor competitor
ELISA ELISA ELISA ELISA ELISA
(n=2) (n=1)
= Discordant = Discordant
competitor competitor
ELISAT1 &2 ELISA1&2
(n=152) {1 = 66)

Analysed Analysed Analysed Analysed Analysed Analysed
dengue NSI dengue IgM dengue IgG dengue NSI1 dengue IgM dengue IgC
(n=1295) (n=1142) (n=1293) (n=1204) (n=1138) (n=1205)
« A (11 = 280) « A (1 =214) « A (n=281)
- P (n=123) P (n=123) =P (n=123)
R (1 = 626) «R (1 = 626) « R (11 = 626)
*N (n=175) =N (n=175) =N n=175)

Figure 1. Study Flow diagram. A total of 1636 samples of suspected DENV infection were collected,
of which 1296 eligible samples tested with all assays (competitor ELISA, VIDAS® and PCR) were
included in the analysis. Concordance analyses were conducted in the total population (n = 1296)
and according to the DENV infection stages defined in Section 2.2. (n = 1205). An additional analysis
on samples common to all immunoassays (n = 1138) is shown in Figure S2 and Table S5.

All collected sera (>1.5 mL) were aliquoted to allow testing with the different assays
on the same freeze/thaw cycle. Aliquots were frozen at the collection site, transported
frozen under controlled conditions, and stored frozen at —20 °C until testing. This study
was conducted in adherence to the guidelines of the Declaration of Helsinki and approved
by the respective institutional review board at each institution (Comité d’Ethique pour la
Recherche en Santé [CERS], Ministere de la Santé, Ministere de I’Enseignement Supérieur,
de la Recherche Scientifique et de I'Innovation, Burkina Faso, No. 2020-4-076, dated 8 April
2020; Ethics Committee for Research on Human Beings of the Faculty of Medicine of Sao
José do Rio Preto, FAMERP, Brazil, No. 4.032.814, dated 18 May 2020 for the prospective
collection and No. 02078812.8.0000.5415, dated 27 May 2019 for the retrospective collection).
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Purchased samples were collected and approved for use for research purposes by the
respective commercial providers (Boca Biolistics, Discovery Life Sciences, and Atreide
Biosamples). All participants, or a parent or legal guardian in the case of children, gave
informed consent before the start of the study.

Table 1. Study samples.

Site Collection Site Samples Collection Time Testing Site
Hopital Sainte
Camille & Centre de Institut de
Recherche Prospective Recherche
. ) . June .
1 Biomoléculaire cohort 2020—October en Sciences de la
Pietro Annigoni Adults and 2020 Santé (IRSS),
(CERBA), children Ouagadougou,
Ouagadougou, Burkina Faso

Burkina Faso

Laboratorio de

Centro Integrado de ~ Retrospective & Pesquisas em

Pesquisa, Hospital prospective February Virologia, FAMERP,
2 ~ . 1 2019-August ~ p .
de Base, Sao José do cohorts 2020 Sao José do Rio
Rio Preto, Brazil Adults Preto,
Brazil
India, Vietnam, The Retrospective Clinical Affairs
e 2 September Laboratory,
Philippines, Peru, cohort o
3 2015-September bioMérieux,
Honduras, and Adults and PR
. . . 2020 Marcy I'Etoile,
Dominican Republic children France

! Due to the COVID-19 pandemic, only two samples were collected prospectively; most samples were from a
retrospective cohort collected during the 2019 dengue epidemic outbreak in Brazil. 2 Samples purchased from
Boca Biolistics (Pompano Beach, FL, USA), Discovery Life Sciences (Huntsville, AL, USA) and Atreide Biosamples
(Hannover, Germany).

Precision experiments were conducted using characterized negative and positive
samples (the bioMérieux collection). Cross-reactivity experiments were performed using
samples collected from patients with other potentially interfering infections (bioMérieux
collection) or from contrived samples generated from characterized negative samples.
Negative samples were provided by the French blood bank (Etablissement Francais du
Sang [EFS], La Plaine Saint-Denis, France). Each volunteer blood donor signed a written
informed consent for the use of blood for research purposes. EFS obtained from the French
ministry of research the authorization to collect and transfer samples to partners (Ministere
de I'Enseignement Supérieur, de la Recherche et de I'Innovation, reference AC-2017-2958).

2.2. Study Design and Definitions

This multicenter study aimed to evaluate the diagnostic performance of VIDAS®
dengue assays (bioMérieux SA, Marcy-1'Etoile, France) detecting DENV NS1 antigen
(VIDAS® DENGUE NS1 Ag) and anti-DENV IgM and IgG antibodies (VIDAS® Anti-
DENGUE IgM and VIDAS® Anti-DENGUE IgG, respectively), in terms of positive percent
agreement (PPA) and negative percent agreement (NPA) with competitor ELISA used as a
comparative method (Table 2).
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Table 2. Competitor ELISA used for the concordance analysis with the VIDAS® Dengue assays.

Competitor ELISA Name of Assay Provider
Dengue NS1 Antigen DxSelect™ Focus Diagnostics, DiaSorin
Molecular LLC,
(EL1510; IfU Rev. C)
NS1 ! Cypress, CA, USA
DENV Detect™ NS1 ELISA InBios International, Inc., Seattle,
(DNS1-1; IfU No. 900109-02) Washington, DC, USA
Panbio Dengue IgM Capture Abbott Laboratories, Abbott Park,
ELISA (01PE20) IL, USA
2
IgM DENYV Detect IgM Capture ELISA  InBios International, Inc., Seattle,
(DDMS-1) Washington, DC, USA
1oG Panbio Dengue IgG Indirect Abbott Laboratories, Abbott Park,
8 ELISA (01PE30) IL, USA

1 Both NS1 ELISA were considered as equivalent based on respective instructions for use (IfU) and thus used
interchangeably. 2 The results of both IgM ELISA were used to interpret the competitor [gM ELISA results
(considered positive when both were positive, negative when both were negative, and undetermined when at
least one was discordant or equivocal).

Quantitative RT-PCR and serotyping assays detecting all four DENV serotypes’ RNA
were performed using the CE-marked VIASURE Dengue Virus Real Time PCR Detection
Kit (CerTest Biotec, Zaragoza, Spain; site 1), the CDC DENV TagMan® RT-qPCR assay
(Center for Disease Control and Prevention, Atlanta, GA, USA; site 2; [25,26]), and the
CE-marked RealStar Dengue RT-PCR (altona diagnostics GmbH, Hamburg, Germany;
samples of site 3, outsourced to BIOMEX GmbH, Heidelberg, Germany).

Patient samples were split as per the algorithm, based on competitor ELISA and RT-
PCR results. The dengue NS1, IgM, and IgG competitor ELISA test results, together with
DENV RNA measurement by RT-PCR, were used to define the stage of DENV infection
(Table 3). Samples positive for DENV RNA and/or NS1 antigen were defined as having an
acute DENV infection, regardless of the IgM and/or IgG ELISA results. Samples negative
for both DENV RNA and NS1 antigen and positive for both IgM and IgG ELISA were
defined as post-acute DENV infection. Samples that were negative for DENV RNA, NS1
antigen, and IgM ELISA but positive for IgG ELISA were defined as in the recovery stage.
Samples negative for all assays (RT-PCR and competitor ELISA) were defined as naive for
DENV (i.e., from patients with other febrile illnesses). Samples that did not meet these
criteria or yielded undetermined test results were labeled as unclassified (Table 3).

Table 3. Definition of DENV infection stages according to the competitor ELISA and RT-PCR
test results.

Stage of DENV Infection Conl}g;fitcoll{' EII:%(X Iljesslult 1 Competitor iiil}dSA Results 2 CompetitorIEinSA Result 3
Naive Negative 4 Negative Negative
Acute Positive Positive or negative Positive or negative
Post-Acute Negative 4 Positive Positive
Recovery Negative 4 Negative Positive
Unclassified Negative  or Undetermined ° Positive or Undetermined 7 Negative or Undetermined ©

1 NS1 ELISA as described in Table 2. 2 IgM ELISA as described in Table 2; both assays must be concordant
(negative or positive); discordant competitor IgM ELISA results were excluded from the analysis (see Figure 1).
3 IgG ELISA as described in Table 2. # Negative for both RT-PCR and NS1 ELISA. ® Positive for RT-PCR and/or NS1
ELISA. ® Undetermined defined as equivocal ELISA (according to the manufacturer’s definition). 7 Undetermined
defined as either equivocal or discordant IgM ELISA (Panbio® Dengue IgM Capture ELISA and InBios DENV
Detect IgM Capture ELISA). 8 Defines patients enrolled with a suspected DENV infection but were negative in all
dengue-specific assays (RT-PCR and competitor ELISA) and are thus likely to suffer from another febrile illness.



Diagnostics 2023, 13, 1137

6 of 19

Unclassified samples were excluded from analyses considering the stage of infection
but were included in analyses based on the global population (Figure 1). Samples tested
with all assays (VIDAS® dengue assays, competitor ELISA, and RT-PCR) were included in
the final analysis (Figure 1).

2.3. VIDAS® Assays

The VIDAS® DENGUE NS1 Ag (DEAG; 423077), VIDAS® Anti-DENGUE IgM (DENM;
#423078), and VIDAS® Anti-DENGUE IgG (DENG; #423079) assays (bioMérieux SA, Marcy-
I'Etoile, France) are automated qualitative two-step immunoassays developed for VIDAS®
instruments [24]. The VIDAS® DENGUE NS1 Ag assay detects the dengue NS1 antigen
of the four DENV serotypes. The VIDAS® Anti-DENGUE IgM and IgG assays detect
IgM and IgG antibodies, respectively, recognizing antigens of the four DENV serotypes,
owing to the use of a recombinant tetravalent EDIIIT2 protein composed of the antigenic
DENV-specific envelope domain IIT of the four DENV serotypes [24,27]. The three VIDAS®
dengue assays were performed and interpreted according to the instructions for use, as
previously described [24]. A test was interpreted as negative when the index value (i) was
<1.0 and positive when i was >1.0. VIDAS® assays do not have equivocal test results.

2.4. Competitor Assays

Competitor ELISAs, (Table 2) were conducted and interpreted according to the manu-
facturers’ recommendations. NS1 ELISA (FOCUS, InBios), IgM ELISA (Panbio), and IgG
ELISA (Panbio) were interpreted as negative for result values (index or immune status
ratio [ISR]) <0.9, positive for values >1.1 and equivocal for 0.9-1.1 result values. IgM
ELISA (InBios) was interpreted as negative for ISR < 1.65, positive for ISR > 2.84, and
equivocal for 1.65-2.84 ISR values. While one NS1 ELISA (either FOCUS EL1510, Rev. C, or
InBios DNS1-1, version 900228-01, both considered equivalent according to their respective
package inserts) and one IgG ELISA (Panbio) were used as references for the comparative
analysis, both IgM ELISAs (Panbio and InBios) were performed and considered for the
competitor test evaluation. Thus, the competitor IgM ELISA was interpreted as negative
when both IgM ELISAs (Panbio and InBios) were negative, positive when both IgM ELISAs
were positive, and undetermined when the Panbio and InBios IgM ELISAs were discordant
or equivocal (Table 3). Samples with undetermined and equivocal competitor ELISA test
results for a particular marker were excluded from the concordance analysis for that marker
(Figure 1).

2.5. Precision Experiments

Assay precision was evaluated according to the Clinical and Laboratory Standards
Institute (CLSI) EP05-A3 guideline [28], using characterized negative and positive (na-
tive or contrived) human sera that were aliquoted and had undergone one freeze-thaw
cycle. Precision experiments were conducted at the Clinical Affairs Laboratory, bioMérieux
(Marcy I'Etoile, France). Within-run precision (repeatability) and within-laboratory preci-
sion (between-lot reproducibility) of the VIDAS® Dengue NS1 Ag, Anti-IgM, and Anti-IgG
assays were determined using three samples each: one highly negative and two (low and
moderately positive). Samples were run in duplicate on one VIDAS® instrument, twice a
day over 10 days (with an instrument calibration every second day), using two assay lots,
thus generating 80 measurement values per sample (240 measurement values per VIDAS®
Dengue assay). A visual data integrity check was performed to identify possible outliers.
Visually discordant results were confirmed to be statistical outliers using the generalized
extreme studentized deviation (ESD) test with a 1% « risk. In cases of confirmed outliers,
the test was repeated, and the valid result was used for precision calculation only if a
definite root cause was identified. Variance was expressed as standard deviation (SD) and
coefficient of variation (CV).
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2.6. Cross-Reactivity Experiments

Cross-reactivity experiments were performed in adherence to the CLSI EP07-Ed3
guideline [29] at the Clinical Affairs Laboratory, bioMérieux (Marcy 1’Etoile, France), using
either contrived samples or native samples from patients with other potentially interfering
infections that tested positive either for the respective pathogen or for the respective
pathogen-specific antigen, RNA, IgM, IgG, or total antibodies.

Contrived samples were generated for evaluating cross-reactivity with the VIDAS®
Dengue NS1 Ag assay by spiking defined amounts (10, 25, and 50 ng/ mL final concen-
tration) of commercially available recombinant or inactivated native antigens (The Native
Antigen Company, Oxford, UK; Meridian Bioscience, Cincinnati, OH, USA) into samples
that tested negative with the competitor NS1 ELISA (InBios DENV Detect™ NS1 ELISA
or FOCUS DENGUE NS1 Antigen DxSelect™). PCR- or antigen-positive HBV, HCV, and
SARS-CoV-2 samples were used to test the cross-reactivity with the VIDAS® Dengue NS1
Ag assay.

Samples used for evaluating the cross-reactivity with VIDAS® Anti-Dengue IgM were
positive for pathogen-specific IgM, except for IAV/IBV and HIV, which were positive for
pathogen-specific total antibodies; HCV samples, which were positive for either anti-HCV
IgG or anti-HCV total antibodies; ZIKV samples, which were positive for either anti-ZIKV
IgM or anti-ZIKV IgG antibodies; and Plasmodium falciparum samples, which were positive
for the pathogen itself.

Samples used for evaluating the cross-reactivity with VIDAS® Anti-Dengue IgG were
positive for pathogen-specific IgG, except for IAV/IBV, HBV, and HIV, which were positive
for pathogen-specific total antibodies; HCV samples, which were positive for either anti-
HCV IgG or anti-HCV total antibodies; ZIKV samples, which were positive for either
anti-ZIKV IgM or anti-ZIKV IgG antibodies, Yellow Fever samples, which were defined by
the detection of neutralising antibodies, and Plasmodium falciparum samples, which were
positive for the pathogen itself.

The dengue-negative status of all samples was determined using the respective com-
petitor ELISAs: NS1 ELISA for cross-reactivity with VIDAS® Dengue NS1 Ag, Panbio
Dengue IgM ELISA for cross-reactivity with VIDAS® Anti-Dengue IgM, and Panbio Dengue
IgG ELISA for cross-reactivity with VIDAS® Anti-Dengue IgG.

Cross-reactivities were tested in triplicate using three lots each of the VIDAS® Dengue
NS1 Ag, Anti-Dengue IgM, and Anti-Dengue IgG assays on three instruments of the
VIDAS® family. In case of a positive test result, the assay was repeated in duplicate on one
VIDAS® instrument. A total of 68, 259, and 167 samples with other potentially interfering
infections were tested on the VIDAS® Dengue NS1 Ag, VIDAS® Anti-Dengue IgM, and
VIDAS® Anti-Dengue IgG assays, respectively.

2.7. Statistical Analyses

Assay precision was assessed in adherence to the CLSI EP05-A3 guideline [28] by a
component-of-variance analysis for nested designs (restricted maximum likelihood) using
the SAS Enterprise Guide 7.12 software.

Concordance analyses were conducted between the VIDAS® assays and the com-
petitor ELISA used as the comparative method. Accordingly, the terms “positive percent
agreement” (PPA) and “negative percent agreement” (NPA) were used instead of “sensitiv-
ity” and “specificity”, respectively. Concordance analyses (PPA, NPA, and overall percent
agreement) were performed in adherence to the CLSI EP12-A2 guideline [30]. The 95%
confidence intervals (95% CI) were computed, either as a Wilson score confidence interval
if the percentage agreement was in the range 5%, 95%| or as an exact binomial confidence
interval otherwise, using the SAS Enterprise Guide 7.12 software.

Positive agreement between the dengue NS1 assays (whether VIDAS® or competitor
ELISA) and RT-PCR, corresponding to assay sensitivity relative to RT-PCR set as the
gold standard, was also evaluated, and the respective 95% CI were computed as above.
The sensitivity of both DENV NS1 assays was compared by calculating the Cohen’s kappa
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coefficient (k); a k = 0.81-0.99 was interpreted as near-perfect agreement between the two NS1
assays, indicating that the difference in sensitivity to RI-PCR is not statistically significant.

VIDAS® dengue index values were displayed as Tukey box plots, in the global popu-
lation and according to the DENV infection stage defined by our algorithm (Table 3), using
GraphPad Prism 5.04 (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Patients’ Characteristics

Out of 1636 patients with suspected DENV infection recruited at multiple dengue-
endemic regions worldwide, 1296 were eligible, tested with all assays (VIDAS® assays,
competitor ELISA, and RT-PCR), and included in the analysis (Figure 1). 1205/1296 (93.0%)
samples were assigned a DENV infection stage (Table 4) based on the test results of RT-PCR
and the competitor ELISA (Table 3) and were included in the analysis per DENV infection
stage (Figure 1).

Table 4. Patients’ characteristics.

Study Population, N (%) 1296 (100.0%)
Study population according to the testing site, N (%)
Site 1 (Burkina Faso; sample collection and testing) 480 (37.0%)
Site 2 (Brazil; sample collection and testing) 392 (30.3%)
Site 3 (France; externally acquired sample testing) 424 (32.7%)
Age in years, median (range) 32.0 (5-88)
Sex, N (%)
Female 741 (57.2%)
Male 555 (42.8%)
RT-PCR-positive samples, N (%) 154 (11.9%)
Serotype distribution among RT-PCR-positive samples, N (%)
DENV-1 74/154 (48.0%)
DENV-2 72/154 (46.8%)
DENV-3 6/154 (3.9%)
DENV-4 2/154 (1.3%)
Sample distribution according to time from symptom onset, N (%)
0-3 days 477 (36.8%)
4-5 days 228 (17.6%)
6-8 days 456 (35.2%)
9-15 days 78 (6.0%)
16 days—1 month 34 (2.6%)
>1 month 16 (1.2%)
Unknown 7 (0.6%)
DENYV infection stage 1 N (%)
Acute 281 (21.7%)
Post-Acute 123 (9.5%)
Recovery 626 (48.3%)
Naive 175 (13.5%)
Unclassified 91 (7.0%)

! According to the RT-PCR- and competitor ELISA-based algorithm (Table 3).

Between 392 and 480 samples were tested at each of the three testing sites (Table 4).
Included patients were mainly adults (1258/1296 [97.1%] > 18 years-old), with a median
age of 32 years, and 57.2% were female (Table 4). Among the 154 patients with a positive
dengue-specific RT-PCR test result, most were of the DENV-1 (74/154 [48.0%]) and DENV-2
(72/154 [46.8%]) serotypes (Table 4). The distribution of patients according to the time
post symptom onset at inclusion is shown for the global population (Table 4) and for
each DENV infection stage (Table S1). As expected, most (258/281 [91.8%]) acute samples
(NS1 ELISA- and/or RT-PCR-positive) had a documented time from symptom onset of
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0-8 days and most (101/123 [82.1%]) post-acute samples (NS1 ELISA- and RT-PCR-negative,
IgM and IgG ELISA-positive) of 6-8 days (Table S1). The observation that most (546/626
[87.2%]) recovery samples (NS1 ELISA- and RT-PCR-negative, IgM ELISA-negative, and
IgG ELISA-positive) and most (160/175 [91.4%]) naive samples (negative for RT-PCR and
all three dengue ELISAs) according to our algorithm, were documented with an early time
from symptom onset (0-8 days; Table S1), indicate that these patients suffer from a febrile
illness other than DENV.

3.2. VIDAS® Dengue Test Result Description

The index distribution of the VIDAS® Dengue NS1 Ag, Anti-dengue IgM, and Anti-
dengue IgG assays is shown in Figure S1, and the respective index medians and interquartile
ranges are presented in Table S2. In line with the algorithm-based classification (Table 3),
higher VIDAS® Dengue NS1 Ag index values were observed in acute samples (Figure S1).
The VIDAS® Dengue NS1 Ag index values were also higher when considering the samples
collected within the first five days post symptom onset (D0-5) compared to the whole acute
category. Similarly, VIDAS® Anti-dengue IgM index values were highest in acute and
post-acute samples, and VIDAS® Anti-dengue IgG index values were highest in acute,
post-acute, and recovery samples (Figure S1).

In agreement with these index value results, evaluation of the qualitative VIDAS®
Dengue test results showed a high proportion (80.4%) of positive VIDAS® Dengue NS1 Ag
tests in acute samples within the first five days after symptom onset (D0-5) and a moderate
to high proportion of positive VIDAS® Anti-dengue IgM and Anti-dengue IgG tests in
post-acute samples (74.8% and 80.5%, respectively) (Table S3). Interestingly, the proportion
of positive VIDAS® NS1 and/or IgM combined tests (NS1/IgM) raised to 86.5% in D0-5
acute samples, and that of positive VIDAS® IgM and/or IgG combined tests (IgM/IgG)
raised to 91.9% in post-acute samples (Table S3).

3.3. Analytical Performance of the VIDAS® Dengue Assays
3.3.1. Assay Precision

The assay precision of the three VIDAS® Dengue NS1 Ag, Anti-dengue IgM, and
Anti-dengue IgG assays was evaluated on negative and positive samples. The coefficient of
variation (CV) did not exceed 7.5% for repeatability (within-run precision) and 10.7% for
within-laboratory (between-lot) precision across the three VIDAS® assays (Table 5).

Table 5. Precision of the VIDAS® Dengue NS1, IgM and IgG assays.

VIDAS® Repeatability Within-Laboratory
Dengue Sample Total Number of ~ Mean (within-Run Precision) Precision 2
Assay Measurements Index SD CV (%) SD CV (%)
A (negative, high) 791 0.62 0.05 7.5 0.05 8.2
NS1 B (positive, low) 80 1.26 0.06 51 0.07 54
C (positive, moderate) 80 1.71 0.07 4.1 0.08 49
A (negative, high) 80 0.82 0.02 3.0 0.09 10.7
IgM B (positive, low) 80 1.16 0.03 27 0.09 8.1
C (positive, moderate) 80 1.56 0.03 1.8 0.11 7.2
A (negative, high) 80 0.73 0.03 44 0.04 5.8
IgG B (positive, low) 80 1.28 0.05 4.1 0.07 5.7
C (positive, moderate) 80 1.44 0.07 45 0.09 6.4

1 An outlier was confirmed by a Generalized Extreme Studentized Deviate (ESD) test (ot = 1%) and excluded from
the precision calculation; 2 Between-lot reproducibility. Abbreviations: SD, standard deviation; CV, coefficient
of variation.
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3.3.2. Assay Cross-Reactivity
Analytical specificity of the three VIDAS® Dengue assays was evaluated using samples
from patients with other proven infections and confirmed negative with the respective

dengue ELISA reference tests. Cross-reactivity was measured as the proportion of positive
VIDAS® Dengue NS1, IgM, and IgG assays (Table 6).

Table 6. Cross-reactivity with the VIDAS® dengue NS1, IgM, and IgG assays using either contrived or
native samples from patients with other potentially interfering infections (all samples tested negative
by the respective competitor ELISA).

Proportion of Cross-Reactions with VIDAS®

Potentially Interfering Infections Dengue Assays

NS1 IgM IgG
Herpes simplex virus (HSV1/2) 0/61 2/13 3/14
Varicella zoster virus (VZV) 0/31 4/15 0/10
Cytomegalovirus (CMV) 0/31 4/17 0/10
Epstein-Barr virus (EBV) 0/31 3/14 2/15
Influenza virus (IAV/IBV) Nd 2/11 2/10

Borrelia burgdorferi Nd 2/14 nd
Plasmodium falciparum 0/31 3/10 0/10

Leptospira Nd 3/12 nd
Chikungunya virus (CHIKV) 0/31 0/13 0/7
West Nile virus (WNV) 0/31 1/18 2/9
Yellow fever virus (YFV) 0/31 2/21 0/14
Zika virus (ZIKV) 0/31 1/14 0/8

Hepatitis A virus (HAV) Nd 1/15 nd
Hepatitis B virus (HBV) 0/10 2/14 0/7
Hepatitis C Virus (HCV) 1/9 3/14 1/14
Parvovirus B19 Nd 4/14 0/10

Human immunodeficiency virus (HIV) Nd 1/14 2/9

HIV P24 antigen 0/9 nd nd
Severe acute respiratory syndrome 0/10 2/16 1/20

coronavirus 2 (SARS-CoV-2)
Total (%) 1/68 (1.5%) 40/259 (15.4%) 13/167 (7.8%)

1 Contrived samples generated using volunteer donor samples tested negative with the competitor NS1 ELISA and
spiked-in with 10, 25 or 50 ng/mL recombinant or inactivated native antigens. Abbreviation: nd, not determined.

Overall, cross-reactivity with the VIDAS® Dengue NS1 Ag assay was very low (1/68
[1.5%]), with one reactivity with a native sample positive for hepatitis C virus (HCV) and
none with samples of patients infected with severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) or with other flaviviruses such as West Nile virus, yellow fever
virus, and Zika virus (Table 6). Cross-reactivity with the VIDAS® Anti-dengue IgG assay
was higher (13/167 [7.8%]) and involved mainly samples from patients positive for IgG or
total antibodies directed against other viruses (HSV, EBV, influenza, HCV, HIV), including
the flavivirus West Nile virus (2/9) and the coronavirus SARS-CoV-2 (1/20) (Table 6).
Cross-reactivity with the VIDAS® anti-dengue IgM assay was the highest (40/259 [15.4%]).
It involved samples of patients positive for antibodies against other viruses (VZV, CMV,
EBV, HCV, parvovirus B19), bacteria (Leptospira), parasites (Plasmodium falciparum), and to
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some extent against the flaviviruses West Nile virus (1/18), yellow fever virus (2/21) and
Zika virus (1/14) as well as the coronavirus SARS-CoV-2 (2/16) (Table 6).

3.4. Clinical Performance of the VIDAS® Dengue Assays
3.4.1. Clinical Sensitivity

Quantitative RT-PCR is often used as the gold standard for the detection of acute
DENYV infection [20,24,31]. To evaluate the sensitivity of the VIDAS® Dengue NS1 Ag
assay, its positive agreement with DENV-specific RT-PCR set as the gold standard was
evaluated in acute samples and compared to that of the competitor NS1 ELISA (Table 7).
No statistically significant differences were observed between the clinical sensitivity of
the VIDAS® DENGUE NS1 Ag assay and that of the NS1 ELISA, on all acute samples
(Cohen’s kappa coefficient k = 0.885, p < 0.0001) and on acute samples collected within
the first five days post onset of symptoms (D0-5) (Cohen’s kappa coefficient k = 0.867,
p < 0.0001). The sensitivity of the VIDAS® Dengue NS1 Ag assay was higher in the D0-5
acute samples (81/106 [76.4%]) compared to all acute samples (98/153 [64.1%]) (Table 7).

Table 7. Positive agreement of the VIDAS® and competitor ELISA NS1 antigen assays with RT-PCR.

Reference . VIDAS® NS1 NS1 ELISA 2
Population

Test nIN1 % [95% CII n/N 1 % [95% CI]
All acute samples 98/153  64.1% [56.2-71.2] 102/153  66.7% [58.9-73.6]

DO0-5 acute samples 81/106  76.4% [67.5-83.5] 82/106  77.4% [68.5-84.3]

1 11/N is the ratio of the number of samples positive for the respective immunoassays (VIDAS® NS1, NS1 ELISA)
to the number of RT-PCR-positive samples. To calculate sensitivity on the same cohort, one sample equivocal
with the NS1 ELISA was excluded from the analysis. > InBios DENV Detect™ NS1 ELISA or FOCUS DENGUE
NS1 Antigen DxSelect™. VIDAS® DENGUE NS1 Ag assay and NS1 ELISA showed a near-perfect agreement in
their sensitivity to RT-PCR, with Cohen’s kappa coefficients k = 0.885 (all acute samples) and « = 0.867 (D0-5 acute
samples) (p < 0.0001 in both cases). Abbreviations: CI, confidence interval; D0-5, 0-5 days post symptom onset.

RT-PCR

3.4.2. Clinical Specificity

In order to estimate the true-negative rate (specificity) of the three VIDAS® Dengue
assays, their negative agreement with the respective competitor ELISA was calculated in
a population of naive patients. Naive patients are defined as subjects presenting clinical
symptoms consistent with a DENV infection (i.e., the intended population of the VIDAS®
Dengue assays) but testing negative by RT-PCR and for the three markers (NS1, IgM, and
IgG) by the competitor ELISA (Table 3). The negative agreement of the VIDAS® Dengue
assays with the competitor ELISA was high in the population naive for DENV, with 152/175
(86.9%) for VIDAS® Anti-dengue IgM, 156/175 (89.1%) for VIDAS® Anti-dengue IgG, and
175/175 (100.0%) for VIDAS® Dengue NS1 Ag (Table 8).

Table 8. Negative agreement of the VIDAS® Dengue assays with the competitor ELISA tested on
study samples defined as naive.

VIDAS® NS1 VIDAS® IgM VIDAS® IgG
Population o o o,
1 ° 1 0 1 A
N [95% CI] N [95% CI] nN [95% CI]
100.0% 86.9% 89.1%
- 2
Naive samples 175/175 [97.9-100.0] 152/175 [81.1-91.1] 156/175 [83.7-92.9]

L 1/N is the ratio of the number of samples negative for the respective VIDAS® immunoassays (NS1, IgM, IgG) to
the number of naive samples. 2 Tested negative by the dengue NS1, IgM and IgG ELISA and by RT-PCR, hence
corresponding to patients with other febrile illnesses. Abbreviation: CI, confidence interval.

3.4.3. Concordance of DENYV Infection Classification

Overall agreement of the DENV infection classification by the VIDAS® Dengue assays
with that by the competitor ELISA (as defined using the algorithm presented in Table 3) is
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shown in Table 9. The acute classification by the VIDAS® Dengue test results were in strong
agreement with the classification by the competitor ELISA, with up to 156/163 (95.7%)
concordant classifications for the early (D0-5) acute stage (Table 9). The classification of
naive samples was also highly concordant between VIDAS® and its competitor ELISA
(142/175 [81.1%]) (Table 9). The concordance of post-acute (78/123 [63.4%]) and recovery
(430/626 [68.7%)]) classifications by VIDAS® and competitor ELISA was moderate (Table 9).
Since these stages are defined by IgM and/or IgG test positivity, partial concordance
suggests differences in IgM and /or IgG test results between VIDAS® and competitor ELISA.
This is supported by the observation that discordant post-acute and recovery classifications
were mainly classified in the respective category (i.e., most discordant post-acute were
classified as recovery and vice versa by VIDAS®) (Table S4). Concordance of unclassified
samples was very low (2/91 [2.2%]; Table 9). This was expected given that equivocal and
undetermined test interpretations by the competitor ELISA do not occur with the VIDAS®
assays (which are interpreted as either positive or negative).

Table 9. Concordance of the infection stage classification by the VIDAS®-based vs. the competitor
ELISA-based algorithm.

Stage of DENV Infection 2 Agreement
n/N1 % [95% CII

Acute (all) 249/281 88.6% [84.4-91.8]
Acute (D0-5) 156/163 95.7% [91.4-98.3]
Post-Acute 78/123 63.4% [54.6-71.4]
Recovery 430/626 68.7% [65.0-72.2]
Naive 142 /175 81.1% [74.7-86.2]

Unclassified 2/91 2.2% [0.3-7.7]

1 1/N is the ratio of the number of samples whose classification using the defined rules (Table 3) by the VIDAS®
assays is concordant with that by the competitor ELISA, to the number of samples classified by the competitor
ELISA. 2 According to the RT-PCR- and competitor ELISA-based algorithm (Table 3). Abbreviations: CI, confidence
interval; D0-5, 0-5 days post symptom onset.

3.4.4. Assay Concordance in the Total Study Population and per DENV Infection Stage

We next evaluated the positive (PPA) and negative (NPA) percent agreement of the
three VIDAS® dengue assays with the respective competitor ELISA (Table 10).

The PPA (95% CI) of the VIDAS® Dengue NS1 Ag assay was 83.4% (78.0-87.7) in all
acute samples, reaching 92.8% (87.2-96.0) in the DO-5 acute population (Table 10). The
respective NPA (95% CI) was 99.2% (98.5-99.7) in the total population, ranging from
91.7% (74.2-97.7) in D0-5 acute samples to 100.0% (97.0-100.0) in post-acute samples
(Table 10).

The PPA and NPA of the VIDAS® Anti-dengue IgM assay were overall moderate, with
a PPA (95% CI) of 80.1% (74.9-84.4) and a NPA (95% CI) of 78.7% (75.8-81.2) in the total
population (Table 10).

The PPA (95% CI) of the VIDAS® Anti-dengue IgG assay was 85.8% (83.6-87.7) in the
total population, ranging from 73.9% (68.2-78.8) in acute to 90.6% (88.0-92.6) in recovery
samples. Its NPA (95% CI) was 86.3% (80.8-90.4) in the total population, with a minimum
of 40.0% (16.8-68.7) in D0-5 acute samples (Table 10).
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Table 10. Concordance of the VIDAS® dengue assays with the respective competitor ELISA, in the
global population and per stage of DENV infection.

VIDAS® . Positive Agreement Negative Agreement Overall Agreement
Dengue Assay ' PUlation N1 % [95% CI] nIN 1 % [95% CI] nIN 1 % [95% CI]
n

Total 191/229 83.4% [78.0-87.7] 1058/1066 99.2% [98.5-99.7] 1249/1295 96.4% [95.3-97 4]

Acute (all) 191/229 83.4% [78.0-87.7] 49/51 96.1% [86.5-99.5] 240/280 85.7% [81.1-89.3]

NS1 Acute (D0-5) 128/138 92.8% [87.2-96.0] 22/24 91.7% [74.2-97.7] 150/162 92.6% [87.5-95.7]
Post-Acute N/A - 123/123 100.0% [97.0-100.0] N/A -
Recovery N/A - 621/626 99.2% [98.1-99.7] N/A -

Total 213/266 80.1% [74.9-84.4] 689/876 78.7% [75.8-81.2] 902/1142 79.0% [76.5-81.2]

Acute (all) 120/142 84.5% [77.7-89.5] 57/72 79.2% [68.4-86.9] 177/214 82.7% [77.1-87.2]

IgM Acute (D0-5) 65/74 87.8% [78.5-93.5] 34/45 75.6% [61.3-85.8] 99/119 83.2% [75.5-88.8]
Post-Acute 92/123 74.8% [66.5-81.6] N/A - N/A -
Recovery N/A - 477/626 76.2% [72.7-79.4] N/A -

Total 940/1096 85.8% [83.6-87.7] 170/197 86.3% [80.8-90.4] 1110/1293 85.8% [83.8-87.6]

Acute (all) 195/264 73.9% [68.2-78.8] 10/17 58.8% [36.0-78.4] 205/281 73.0% [67.5-77.8]

IgG Acute (D0-5) 129/153 84.3% [77.7-89.2] 4/10 40.0% [16.8-68.7] 133/163 81.6% [74.9-86.8]
Post-Acute 99/123 80.5% [72.6-86.5] N/A - N/A -
Recovery 567/626 90.6% [88.0-92.6] N/A - N/A -

1 1/N is the ratio of the number of samples for which VIDAS® assays are in agreement (positive, negative and
overall) with the competitor ELISA (reference test) to the number of samples tested either positive or negative (and
overall) with the competitor ELISA. Abbreviations: CI, confidence interval; D0-5, 0-5 days post symptom-onset;
N/A, not applicable.

Concordance analyses based on the cohort common to the three VIDAS® dengue
assays (Figure S2) yielded comparable results (Table S5). Moreover, concordance analy-
ses according to time post symptom onset (instead of infection stage, as defined by our
algorithm) revealed comparable results (Table S6). Notably, the PPA of the NS1 assay was
highest (>90%) in the 0-5 days post symptom onset and decreased afterward, as expected
for this acute-phase marker and in line with current guidelines [5,7,8].

3.4.5. Positive Agreement of Combined NS1/IgM and IgM/IgG Tests

Combining NS1 and IgM and IgG test results is known to improve both the sensitivity
and specificity of DENV infection diagnosis, especially when patients present at different
time points after symptom onset [5,7-10,13,14,22,24]. Thus, we evaluated the positive
agreement of combined VIDAS® NS1/IgM and IgM/IgG test results in the total population
and at relevant infection stages, i.e., acute stage for NS1/IgM and post-acute stage for
IgM/IgG (Table 11).

PPA (95% CI) of combined NS1/IgM in the total population was 87.3% (83.5-90.3)
(Table 11) vs. 83.4% (78.0-87.7) for NS1 and 80.1% (74.9-84.4) for IgM (Table 10). PPA
(95% CI) of combined NS1/IgM in acute samples was 93.7% (89.9-96.1), reaching 96.4%
(91.8-98.8) in D0-5 acute samples (Table 11) (vs. 92.8% [87.2-96.0] for NS1 and 87.8%
[78.5-93.5] for IgM; Table 10).

PPA (95% CI) of combined IgM/IgG in the total population was 91.9% (90.1-93.4)
(Table 11) vs. 80.1% (74.9-84.4) for IgM and 85.8% (83.6-87.7) for IgG (Table 10). The PPA
(95% CI) of combined IgM/IgG in post-acute samples was 91.9% (85.7-95.5) (Table 11) vs.
74.8% (66.5-81.6) for IgM and 80.5% (72.6-86.5) for IgG (Table 10).
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Table 11. Positive agreement of combined NS1/IgM and IgM/IgG VIDAS® dengue assays with
the respective competitor ELISA, in the total, acute (NS1/IgM) and post-acute (IgM/IgG) stage of
DENYV infection.

VIDAS® Dengue Positive Agreement
Population
Assay n/N 1 % [95% CI]
Total 316/362 87.3% [83.5-90.3]
) Total (D0-5) 145/152 95.4% [90.7-98.1]
NS1/IgM
Acute (all) 223/238 93.7% [89.9-96.1]
Acute (D0-5) 134/139 96.4% [91.8-98.8]
Total 1011/1100 91.9% [90.1-93.4]
IgM/IgG 3
Post-Acute 113/123 91.9% [85.7-95.5]

1 /N is the ratio of the number of samples positive for the indicated combined VIDAS® Dengue assays (NS1-
and/or IgM-positive; IgM- and / or IgG-positive) to the number of samples positive for the combined competitor
ELISA. 2 PPA of VIDAS® NS1 and/or IgM vs. competitor NS1 and/or IgM ELISA; * PPA of VIDAS® IgM
and/or IgG vs. competitor IgM and/or IgG ELISA. Abbreviations: CI, confidence interval; D0-5, 0-5 days
post symptom-onset.

4. Discussion

This multicenter study evaluated the diagnostic performance of three VIDAS® dengue
immunoassays for detecting DENV NS1 antigen and anti-DENV IgM and IgG antibod-
ies in comparison with a commercial competitor ELISA. This study is a follow-up of the
recent performance evaluation study conducted in 91 Lao patients with acute dengue
infection, using the respective VIDAS® dengue prototype assays [24]. A major strength
of this study is the inclusion of a large number of samples (n = 1296), covering most
dengue-endemic regions around the world, including Asia (India, Vietnam, and the Philip-
pines), Latin America (Brazil, Peru, Honduras, and the Dominican Republic), and Africa
(Burkina Faso) [2,3].

The three VIDAS® dengue assays demonstrated high within-run and within-laboratory
precision (CV < 11.0%). The VIDAS® DENGUE NS1 Ag assay showed very low cross-
reactivity (1.5%), with samples positive for other infection-specific antigens. The VIDAS®
Anti-DENGUE IgM and IgG assays presented higher cross-reactivity (15.4% and 7.8%,
respectively) with samples positive for IgM or IgG directed against other pathogen-
specific antigens, as previously described for immunoassays [5,6,16,18,22,32-36]. These
included cross-reactions with antibodies directed against other flaviviruses (4/53 [7.5%]
for IgM and 2/31 [6.5%] for IgG). These cross-reactivity rates were however in range
with or lower than those reported for other flavivirus IgM and IgG assays [34], including
some of the competitor ELISAs used in this study. Notably, the cross-reactivity of the
VIDAS® Anti-DENGUE IgM and IgG assays with West Nile Virus (WNV)-positive sam-
ples was lower than that reported by the competitor IgM and IgG ELISA manufacturers
(1/18 [5.6%] for VIDAS® Anti-DENGUE IgM vs. 2/10 [20.0%] and 12/24 [50.0%] for IgM
ELISA; 2/9 [22.2%] for VIDAS® Anti-DENGUE IgG vs. 2/5 [40.0%)] for IgG ELISA). Cross-
reactivity with samples from SARS-CoV-2-infected patients (2/16 [12.5%] for IgM and 1/20
[5.0%] for IgG) was also observed. Such cross-reactions were expected, in line with the
recent demonstration of shared antigenic similarity between DENV and SARS-CoV-2, re-
sulting in cross-reactivity of the antibody response to both viruses [37—44]. Cross-reactivity
of antibodies against DENV and SARS-CoV-2 was shown to be especially high using rapid
diagnostic tests (RDT), as opposed to ELISA [37,39-44], in line with the relatively low
cross-reactivity rates with SARS-CoV-2 samples observed in this study using the VIDAS®
Anti-DENV IgM and IgG assays.

Additionally, such antigenic similarity and cross-reactivity of immune responses
between DENV and SARS-CoV-2 raise new diagnostic challenges in DENV-endemic regions
in this time of COVID-19 pandemics [38,42,45-47]. Indeed, the impact of antibody cross-
reactivity and/or co-infection with DENV and SARS-CoV-2 not only on misdiagnosis but
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also on the immune response of patients and consequently on the outcome of immunoassays
remains unexplored. Given the partial overlap of sample collection with the COVID-19
pandemics in our study and the lack of documented information on possible co-infections
with SARS-CoV-2, the results presented here should be interpreted with caution, as a
possible impact of the COVID-19 pandemics cannot be excluded. Future studies should
specifically explore this question.

Clinical performance of the VIDAS® Dengue assays was assessed by measuring the
sensitivity of the VIDAS® DENGUE NS1 Ag assay (positive agreement with RT-PCR set as
the gold standard) and by evaluating assay concordance (positive and negative agreement
with competitor ELISA). The sensitivity of the VIDAS® DENGUE NS1 Ag assay in the
D0-5 acute population (76.4%) was similar to that observed in the adult Lao population
(79.5%) at a comparable time from symptom onset (a median time of 4.5 days) [24]. The
specificity of the three VIDAS® Dengue assays (negative agreement with the respective
competitor ELISA) in the intended population (i.e., patients with suspected DENV infection
but classified as naive for DENV) was also comparable to that measured in an adult healthy
population using the three VIDAS® Dengue prototypes (86.9-100.0% vs. 96.1-100.0%,
respectively) [24].

Overall, concordance analyses revealed a good agreement between the VIDAS®
Dengue assays and competitor ELISA. As to DENV infection classification, the strong
agreement (95.7%) of D0-5 acute stage classification by VIDAS® Dengue assays using
our staging algorithm is in line with the high PPA of the VIDAS® DENGUE NS1 Ag as-
say in the D0-5 acute population (92.8%) and the comparable sensitivity of the VIDAS®
DENGUE NS1 Ag and competitor NS1 ELISA (76.4% vs. 77.4%) toward RT-PCR. The NPA
of the VIDAS® DENGUE NS1 Ag assay was also very high at all DENV infection stages
(91.7%-100.0%). Of note, in the adult acute Lao population, the PPA of the VIDAS®
DENGUE NS1 Ag prototype was slightly higher (98.0%) and the NPA slightly lower (87.5%)
than in the current multicenter study [24]. This might be in part due to the difference in
sample size between the two studies.

On the other hand, the moderate agreement of post-acute (63.4%) and recovery (68.7%)
stage classification by VIDAS® Dengue assays is in line with the partial concordance with
competitor ELISA of the VIDAS® Anti-DENGUE IgM assay (PPA of 74.8% in post-acute
samples, NPA of 76.2% in recovery samples) and to some extent of the VIDAS® Anti-
DENGUE IgG assay (PPA of 80.5% in post-acute samples). These results indicate a higher
discordance of IgM and/or IgG test results between VIDAS® and competitor ELISA.

Assay concordance was improved in combined NS1/IgM test results at early (D0-5)
acute stages of DENV infection (96.4% PPA) and in combined IgM/IgG test results post-
acute (91.9% PPA), demonstrating the benefit of combining marker immunodetection using
the VIDAS® Dengue assays to improve the sensitivity of the diagnosis of DENV infection,
as previously reported for other assays [5,9,10,13,24].

This study presents several limitations. First, despite the large number of collected
samples (392 to 480 per site), heterogeneity between testing sites was observed, notably
in the distribution of infection stage, time post-symptom onset, and serotype distribution.
This precluded subgroup analyses per site. Second, 146/154 (94.8%) samples were of
DENV-1 and DENV-2 serotypes. While DENV-1 and DENV-2 serotypes are predominant in
most dengue-endemic regions worldwide [4], it is possible that our performance evaluation
study is not representative of DENV-3 and DENV-4 serotypes. Given that all four DENV
serotypes are known to co-circulate in a spatial and /or temporal manner [48], and that assay
performance might be serotype-dependent [6], additional studies should be conducted to
confirm assay performance in patients infected with the DENV-3 and DENV-4 serotypes.
Third, the choice of considering two competitor IgM ELISAs as comparators to the VIDAS®
Anti-DENGUE IgM assay led to the exclusion of 152 samples from the IgM analysis
(because of discordance between the two competitor IgM ELISAs), which might have
introduced a bias in the analysis. Since the concordance analysis conducted on the common
samples showed comparable performance results, such bias is, however, unlikely. Fourth,
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as mentioned above, we cannot exclude an effect of the COVID-19 pandemics (via cross-
reactivity and/or co-infection interferences) on the VIDAS® Dengue assay performance
evaluation, although the impact might be limited in the context of a concordance analysis
(assuming a similar impact on both compared assays). Finally, the use of distinct and
non-standardized RT-PCR and serotyping methods at the three testing sites might have
introduced a bias in the acute infection stage definition according to our algorithm, although
this is unlikely given the high sensitivity and specificity (90-100%) of commercial RT-PCR
assays [1,5,8,9,13].

5. Conclusions

Altogether, this multicenter study conducted on a large number of samples representa-
tive of several dengue-endemic regions demonstrated a strong performance of the VIDAS®
DENGUE NS1 Ag assay, either alone or in combination with the VIDAS® Anti-DENGUE
IgM assay, notably at the early stage of DENV infection (first five days post symptom
onset), and a strong performance of the VIDAS® Anti-DENGUE IgG assay at later stages of
infection, either alone or in combination with the VIDAS® Anti-DENGUE IgM assay. These
results therefore further support the use of the three VIDAS® Dengue immunoassays as a
complete solution for the rapid, automated, and reliable diagnosis of DENV infection in
dengue-endemic regions.
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