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Abstract: Chikungunya (CHIK) is a debilitating mosquito-borne disease with an epidemiology and
early clinical symptoms similar to those of other arboviruses-triggered diseases such as dengue or
Zika. Accurate and rapid diagnosis of CHIK virus (CHIKV) infection is therefore challenging. This
international study evaluated the performance of the automated VIDAS® anti-CHIKV IgM and IgG
assays compared to that of manual competitor IgM and IgG ELISA for the detection of anti-CHIKV
IgM and IgG antibodies in 660 patients with suspected CHIKV infection. Positive and negative
agreements of the VIDAS® CHIKV assays with ELISA ranged from 97.5% to 100.0%. The sensitivity
of the VIDAS® CHIKV assays evaluated in patients with a proven CHIKV infection confirmed
reported kinetics of anti-CHIKV IgM and IgG response, with a positive detection of 88.2–100.0% for
IgM ≥ 5 days post symptom onset and of 100.0% for IgG ≥ 11 days post symptom onset. Our study
also demonstrated the superiority of ELISA and VIDAS® assays over rapid diagnostic IgM/IgG
tests. The analytical performance of VIDAS® anti-CHIKV IgM and IgG assays was excellent, with a
high precision (coefficients of variation ≤ 7.4%) and high specificity (cross-reactivity rate ≤ 2.9%).
This study demonstrates the suitability of the automated VIDAS® anti-CHIKV IgM and IgG assays
to diagnose CHIKV infections and supports its applicability for epidemiological surveillance and
differential diagnosis in regions endemic for CHIKV.

Keywords: chikungunya virus; CHIKV; VIDAS; enzyme-linked immunosorbent assay; ELISA; IgM;
IgG; capture immunoassay; enzyme-linked fluorescent assay; ELFA
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1. Introduction

Chikungunya (CHIK) is a debilitating disease caused by the chikungunya virus
(CHIKV) and transmitted to humans by Aedes spp. mosquitoes [1]. CHIKV was first
identified in 1952 in Tanzania [2] and has now spread to over 100 countries across Africa,
Asia, Europe, and the Americas, with multiple outbreaks affecting millions of people [1,3–6].
This alarming increase in CHIKV spread is likely of multifactorial origin, including virus
and vector adaptation to changes in the environment and human behaviour, and enhanced
global dissemination due to increased urbanisation and international travel [1,7]. Phyloge-
netic studies identified four main CHIKV genotypes, namely the (i) ‘East Central South
African’ (ECSA), (ii) ‘West African’ (WA), (iii) ‘Asian’, and (iv) the recently emerged, ECSA-
diverged ‘India Ocean’ lineage (IOL) [1,3,5,6]. Although studies directly comparing the
virulence of these geographic genotypes are scarce, a few investigations have suggested that
CHIKV lineages present differences in their transmission cycles and that some genotypes
might be preferentially associated with a higher prevalence of self-reported long-term
chronic CHIKV symptoms [1,3,6].

Like dengue virus (DENV) and Zika virus (ZIKV), CHIKV is a single-stranded RNA ar-
bovirus with similar epidemiology and transmission cycles [8]. Accordingly, co-circulation
of these arboviruses in overlapping endemic regions and co-infection cases have been
described [7–11]. Moreover, following infection by these arboviruses, clinical symptoms
at disease onset are often similar and clinically non-specific, including fever, headache,
myalgia, arthralgia, and maculopapular rash [7,8,12,13]. This raises the challenge of CHIKV
diagnosis and emphasises the need for efficient strategies of epidemiological surveillance
and differential diagnosis [7,8,10,11,13,14].

Following CHIKV infection, the incubation period ranges from 1 to 12 days. The
early acute phase of infection is usually characterised by a sudden onset of high fever
(in 85% of patients), correlating with the presence of elevated CHIK viral load in the
blood. The onset of fever is followed by intense polyarthralgia, which can last two to three
weeks, and a rash (in 40–75% of patients). In the post-acute phase (>3 weeks to 3 months),
clinical manifestations, notably joint pain, persist in more than half of the patients. When
symptoms have not subsided after 3 months, the patient enters the chronic phase of the
disease (>3 months to several years, affecting 40–80% of patients). The chronic disease
can progress to (i) cure without sequelae, upon treatment or spontaneously, (ii) further
persistence of joint and/or other symptoms, or (iii) aggravation because of exacerbation of
inflammatory and/or degenerative processes [1,5,6,15,16].

In addition to these typical clinical manifestations, atypical features and complications
might occur, such as neurologic disorders, notably in infected individuals with comor-
bidities, and according to age (the elderly and infants) [1,7,12]. Altogether, despite a low
mortality rate, the morbidity associated with CHIKV infection is high, and CHIK illness
can be severe and durably debilitating [1].

No specific antiviral therapy exists for acute CHIKV infection, and patient manage-
ment relies mainly on supportive care to treat pain and inflammatory symptoms [1,7,12,16,17].
Despite sharing similar clinical manifestations at illness onset, which is associated with a
risk of misdiagnosis, the course of disease following infection by distinct arboviruses such
as CHIKV, DENV, and ZIKV varies greatly. Therefore, a reliable and accurate early diag-
nosis is essential to ensure proper patient management, while adopting timely preventive
measures and implementing suitable epidemiologic surveillance [7,8,10,11,13,14].

Current recommendations [13,15,17,18] for the confirmation of CHIKV infection in a
suspected case (i.e., with the characteristic triad of fever, rash, and joint manifestations)
are based on the kinetics of CHIKV viremia and of the host immune response, with the
detection of CHIKV RNA by means of real-time reverse transcription-polymerase chain
reaction (rRT-PCR) within the first week (≤7 days) of symptom onset, and detection of
anti-CHIKV immunoglobulin M (IgM) and/or IgG thereafter (>7 days). rRT-PCR alone is
usually recommended between day 0 and 5 post symptom onset, rRT-PCR and anti-CHIKV
IgM serology between day 5 and 7, and serology only after day 7. A positive rRT-PCR
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is confirmatory of an acute CHIKV infection, while a positive anti-CHIKV IgM test is
presumptive of a CHIKV infection. Seroconversion or a 4-fold rise in anti-CHIKV IgG
measured in paired serum samples collected in the acute and post-acute (convalescent)
phases (two to three weeks apart) also indicates an active CHIKV infection. Given that
CHIKV-specific IgG can be detected several years after the initial infection, seroconver-
sion/antibody rise also allows us to rule out a past infection. In the chronic phase, as
for the post-acute phase, CHIKV serology should confirm the diagnosis together with a
biological evaluation of inflammatory rheumatism. Finally, in the case of negative rRT-PCR
and serology in acute samples, serology should be repeated on convalescent-phase samples
to definitively rule out CHIKV diagnosis [1,5–7,13,15,17–20].

rRT-PCR assays, both as singleplex (CHIKV RNA) or multiplex (e.g., differential
screening of CHIKV, DENV, and ZIKV RNAs), have proven to be highly sensitive and spe-
cific, although no molecular gold standard exists to date [5,10,14,19]. rRT-PCR tests present,
however, the potential caveat that not all existing assays detect all known CHIKV geno-
types [6,19], an issue not shared by existing anti-CHIKV antibody detection tests due to the
demonstrated cross-reactivity against heterogenous CHIKV genotypes [6,21]. Numerous
serological tests detecting CHIKV-specific IgM and IgG antibodies have been developed
and commercialised [5,6,10,11,19,20,22–24]. Enzyme-linked immunosorbent assays (ELISA)
have demonstrated acceptable performance for the detection of anti-CHIKV IgM and IgG.
In comparison, rapid diagnostic tests (RDT) showed very low sensitivity and specificity for
the detection of CHIKV-specific IgM and IgG antibodies [5,6,10–12,19,20,22–24]. Despite
demonstrating good performance, ELISAs are manual and time-consuming (about 1.5–2 h
per test) methods, which might represent a burden for testing laboratories at times of
epidemic outbreaks. The implementation of an automated system allowing rapid execution
and interpretation of results would be of clear benefit.

VIDAS® anti-CHIKV IgM and IgG assays are fully automated CE-marked enzyme-
linked fluorescence assays (ELFA) intended as an aid in the diagnosis of patients with
clinical symptoms consistent with CHIKV infection. VIDAS® anti-CHIKV IgM and IgG
assays are qualitative immunocapture assays detecting CHIKV-specific IgM and IgG an-
tibodies, respectively. They can be tested in parallel or independently, are rapid (40 min
to result), easy to use, and easy to interpret (positive or negative) with no equivocal zone.
The performance of these automated assays has not yet been directly compared to that
of conventional manual assays. The aim of this international study was to evaluate for
the first time the clinical performance of the VIDAS® anti-CHIKV IgM and IgG assays in
samples from patients with a suspected CHIKV infection, enrolled from multiple CHIK-
endemic regions of the world (Asia, Latin America). The clinical performance of the
VIDAS® anti-CHIKV assays was compared to that of existing manual competitor ELISA
and RDT assays.

2. Materials and Methods
2.1. Patients and Samples

A total of 660 sera were collected at three sites in patients with a suspected CHIKV
infection and from several CHIKV-endemic regions, including Asia (India) and Latin
America (Brazil, Colombia, Dominican Republic, Honduras, Peru) (Table 1). Retrospective
and prospective cohorts of samples collected between January 2016 and September 2021
were used for this study. For retrospective biobanked samples, a suspicion of CHIKV
infection was established based on the documented presence of one or more of the following
symptoms at the time of sampling: fever, joint pain or arthritis, tenosynovitis, bursitis,
headache, back pain, rash, myalgia, cutaneous pruritus, polyadenopathy, oedema of the face
and extremities. For prospective samples, a suspicion of CHIKV infection was established
during a routine medical procedure based on the presence of fever and joint pain or arthritis
within 3 months of sampling, associated with one or more of the following symptoms:
headache, back pain, rash, myalgia, cutaneous pruritus, polyadenopathy, oedema of the
face and extremities.
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Table 1. Study samples.

Site Collection Site Samples Collection Time Testing Site

1
National Institute of Infectious

Diseases-Fiocruz, Rio de
Janeiro, Brazil

Retrospective,
follow-up cohort

18 April 2019–1
November 2019

Tropical Medicine Institute,
Faculty of Medicine of the

University of São Paulo, Brazil

2
Biospecimen Solutions Pvt

Ltd., Sampigehalli, Bangalore,
Karnataka, India

Prospective
cohort

24 July 2021–
20 September 2021

Clinical Affairs
Laboratory, bioMérieux,
Marcy l’Etoile, France

3 Colombia, Dominican
Republic, Honduras, and Peru

Retrospective
cohort 1

28 January 2016–8
September 2020

Clinical Affairs
Laboratory, bioMérieux,
Marcy l’Etoile, France

1 Samples purchased from Boca Biolistics (Pompano Beach, FL, USA), Trans-Hit Bio/Azenta Life Sciences
(Chelmsford, MA, USA), and ABO Pharmaceuticals (San Diego, CA, USA).

All collected sera (≥1.0 to 1.5 mL) were aliquoted to allow testing with the different
assays on the same freeze/thaw cycle. Aliquots were stored frozen at −80 ◦C until testing.
When applicable (collection sites 2 and 3), frozen samples or aliquots were transported to
the testing site under controlled conditions.

Samples were tested at two central laboratories: the Tropical Medicine Institute of the
University of São Paulo, Brazil for retrospective longitudinal samples collected in Brazil
(site 1; Table 1), and the Clinical Affairs Laboratory of bioMérieux, Marcy l’Etoile, France
for samples collected prospectively in India (site 2; Table 1) and for retrospective biobanked
samples collected in Latin America and purchased from commercial providers (site 3;
Table 1).

This study was conducted in adherence to the Declaration of Helsinki and approved
by the institutional ethics committee (CEP) of the Faculty of Medicine of the University of
São Paulo, Brazil (approval number 4.692.542, dated 5 May 2021), and by the independent
ethics committee Namaste Integrated Services, Lanka, Varanasi, India (approval number BS-
IND-001, dated 7 August 2021). Purchased samples were collected and approved for use for
research purposes by the respective commercial providers (Boca Biolistics, Pompano Beach,
FL, USA; Trans-Hit Bio/Azenta Life Sciences, Burlington, MA, USA; ABO Pharmaceuticals,
San Diego, CA, USA). All participants, or a parent or legal guardian in the case of children,
provided informed consent before the start of the study.

Precision experiments were conducted using characterised negative and positive
samples (bioMérieux collection). Negative samples were provided by the French blood bank
(Etablissement Français du Sang [EFS], La Plaine Saint-Denis, France). Each volunteer donor
signed a written informed consent form for the use of blood for research purposes. EFS
obtained authorisation from the French Ministry of Research to collect and transfer samples
to partners (Ministère de l’Enseignement Supérieur, de la Recherche et de l’Innovation,
reference AC-2017-2958).

Cross-reactivity experiments were performed using native samples collected from
patients with other potentially interfering infections who tested positive for antibodies
against the respective pathogens (bioMérieux collection).

2.2. Study Design and Definitions

The aim of this performance evaluation study was to compare the performance of
the automated VIDAS® anti-CHIKV IgM and IgG assays with that of manual competitor
ELISA for the detection of anti-CHIKV IgM and IgG antibodies in patients with a suspected
CHIKV infection.

Three distinct analyses were performed. First, an agreement analysis was conducted
on the whole cohort, comparing the results of the VIDAS® CHIKV IgM and IgG assays
to those of competitor ELISA, which was used as a comparative method (Table 2). To
consolidate the detection of anti-CHIKV IgM antibodies, two competitor IgM ELISA meth-
ods were used (Table 2). This choice was motivated by the acknowledged non-negligible
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rate of false-positive and false-negative results of IgM serology assays in general [25,26],
and of CHIKV IgM serology assays in particular [23,27]. To limit the bias that could be
introduced in the agreement analysis by false-positive and/or false-negative results of
the comparative method, the results of two well-validated commercial IgM ELISAs were
taken into consideration. An IgM result by the competitor ELISA was defined as positive
when both IgM ELISA tests were positive, and negative when both IgM ELISA tests were
negative (Table 3). Discordant results were excluded from the analysis (Figure 1).

Table 2. Competitor ELISA used for the agreement analysis with the VIDAS® CHIKV IgM and
IgG assays.

Competitor ELISA Name of Assay Manufacturer

IgM 1

CHIKjj DetectTM IgM ELISA
(CHKM-R)

InBios International,
Seattle, WA, USA

NovaLisa Chikungunya Virus IgM µ-capture,
ELISA Kit (NOVCHIM0590)

NovaTec Immundiagnostica,
Dietzenbach, Germany

IgG Chikungunya virus (CHIKV)
(EI 293a-9601 G)

Euroimmun,
Lübeck, Germany

1 The results of both IgM ELISAs were used to interpret the competitor IgM ELISA results (considered positive
when both were positive, negative when both were negative, and undetermined when at least one was discordant).
Sensitivity and specificity of the respective competitor ELISA, as reported in the package insert by the respective
manufacturers, were: 100% sensitivity and specificity for both IgM ELISA, >96.8% sensitivity and 98.0% specificity
for the IgG ELISA.

Table 3. Definitions of samples used for agreement analysis (PPA, NPA) according to results of
competitor ELISA.

Sample
Definition

IgM Competitor ELISA Results 1 IgG Competitor
ELISA Result 2 CHIKV IgM

Agreement Study
CHIKV IgG

Agreement Study
InBios NovaTec Euroimmun

IgM+/IgG− positive positive negative PPA N/A

IgM+/IgG+ positive positive positive PPA PPA

IgM−/IgG+ negative negative positive N/A PPA

IgM−/IgG− negative negative negative NPA 3 NPA 3

1 Anti-CHIKV IgM competitor ELISA, as described in Table 2; both IgM assays must be concordant (negative or
positive); samples with discordant competitor IgM ELISA results were excluded from the analysis (see Figure 1).
2 Anti-CHIKV IgG competitor ELISA, as described in Table 2. 3 Only samples negative for both IgM and IgG were
included in the NPA analyses. Abbreviations: N/A, not applicable (samples excluded from the respective NPA
analyses); NPA, negative percent agreement; PPA, positive percent agreement.

Positive percent agreement (PPA) analyses for anti-CHIKV IgM assays were conducted
on samples positive with the competitor IgM ELISA (regardless of the IgG status). Similarly,
PPA analyses for anti-CHIKV IgG assays were conducted on samples positive with the
competitor IgG ELISA (regardless of the IgM status) (Table 3). For a more robust negative
agreement (NPA) analysis, only samples negative for both IgM and IgG (with competitor
ELISA) were included in the test comparison (Table 3). Only one sample per patient was
included in the agreement analysis. In the case of multiple samples per patient, the first
sample available chronologically was analysed.

This agreement analysis on the whole population was completed by an agreement
analysis on the same samples but according to the time from symptom onset. The five peri-
ods investigated were defined according to the documented time intervals post symptom
onset: 0–6 days, 7–10 days, 11–21 days, 22 days–3 months, and >3 months.
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Figure 1. Study flow diagram. Three analyses were conducted: (I) an agreement analysis assessed
the performance of the VIDAS® CHIKV IgM and IgG assays in comparison to commercial competitor
ELISA; (II) the sensitivity of the VIDAS® CHIKV IgM and IgG assays was evaluated in patients with
a confirmed CHIKV infection (defined as an rRT-PCR-positive within 7 days of symptom onset);
(III) the agreements of VIDAS® CHIKV IgM and IgG assays or of RDT IgM/IgG with competitor
ELISA were evaluated on a common set of samples and compared to each other.

A second analysis was conducted on the follow-up retrospective samples collected at
site 1 (Brazil; Table 1) to evaluate the sensitivity of the VIDAS® anti-CHIKV IgM and IgG
assays at different time points following a confirmed CHIKV infection. A CHIKV infection
was defined as confirmed when positive for CHIKV RNA by rRT-PCR, set as the gold
standard. Patients with a positive rRT-PCR at ≤7 days post symptom onset and at least
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one follow-up sample were included in this analysis (Figure 1). Five periods following
symptom onset were investigated according to the documented days post symptom onset:
0–4 days, 5–10 days, 11–21 days (acute phase of CHIKV infection), 22–89 days (post-acute
phase of CHIKV infection), and >89 days (chronic phase of CHIKV infection). Only one
sample per patient per period was included in the analysis. In the case of multiple samples
per patient per period, the first sample collected chronologically was used. The sensitivity
of the VIDAS® IgM and IgG assays was defined as the percentage of positive test results in
patients confirmed positive for CHIKV infection.

A third analysis was conducted on backup samples from sites 2 and 3 (Table 1) to
evaluate the performance of VIDAS® anti-CHIKV IgM and IgG assays vs. that of an RDT
(Standard Q Chikungunya IgM/IgG, SD Biosensor, Gurugram, Haryana, India). To that aim,
the concordance of the VIDAS® anti-CHIKV IgM and IgG assays to competitor ELISA was
compared to the concordance of the RDT to the same competitor ELISA (as a comparative
method). This agreement sub-analysis was conducted following the same rules as those of
the agreement analysis applied to the whole cohort (see above and Tables 2 and 3). One
sample per patient was included in the analysis (Figure 1). Clinical agreement (PPA, NPA)
of each method (VIDAS® or RDT) with competitor ELISA was assessed independently and
compared with a statistical method.

2.3. VIDAS® Assays

VIDAS® Anti-CHIKUNGUNYA IgM (CHKM; 423229) and VIDAS® Anti-CHIKUNGUNYA
IgG (CHKG; 423230) (bioMérieux SA, Marcy-l’Étoile, France) are automated qualitative
two-step immunocapture assays combined with enzyme-linked fluorescent assay (ELFA)
detection, developed for the VIDAS® family of instruments. They are intended as an aid
in the diagnosis of patients with clinical symptoms consistent with CHIKV infection. The
Solid Phase Receptacle (SPR®) serves as the solid phase as well as the pipetting device.
Reagents for the assay are ready-to-use and pre-dispensed in the sealed reagent strip. All
steps are performed automatically by the instrument and completed within approximately
40 min. The reagents used for assay development and for this performance evaluation
study are identical to those included in the commercialised CE-marked assays.

For the VIDAS® Anti-CHIKUNGUNYA IgM assay (hereafter referred to as the VIDAS®

anti-CHIKV IgM assay), total IgM is captured by a monoclonal antibody specific for
human IgM coated on the interior of the SPR. In the second step, anti-CHIKV IgM is
specifically detected by a CHIKV-specific antigen and anti-CHIKV antibodies conjugated
to alkaline phosphatase.

For the VIDAS® Anti-CHIKUNGUNYA IgG assay (hereafter referred to as the VIDAS®

anti-CHIKV IgG assay), anti-CHIKV IgG is captured by the CHIKV-specific antigen coated
on the interior of the SPR. In the second step, the captured anti-CHIKV IgG is detected by
an antibody specific for human IgG conjugated to alkaline phosphatase.

The CHIKV-specific antigen used in both VIDAS® anti-CHIKV assays is a virus-
like particle (VLP) produced by transient transfection of HEK293 cells with a eukaryotic
expression plasmid encoding the CHIKV capsid and envelope structural polyproteins
C-E3-E2-6K-E1 (from strain 37997 of the West African lineage) [28,29]. CHIKV VLPs are
composed of 240 copies of capsid proteins surrounded by the host cell plasma membrane
and an outermost layer of 240 heterodimers of the immunogenic envelope proteins E1-E2,
assembled into 80 glycoprotein spikes [28,29]. CHIKV-specific VLPs secreted in the culture
medium were purified by ion exchange chromatography and on a multimodal resin using
proprietary protocols.

During the final detection step of both VIDAS® anti-CHIKV immunoassays, the
substrate (4-Methyl-umbelliferyl phosphate) is cycled in and out of the SPR. The conjugate
enzyme catalyzes the hydrolysis of the substrate into a fluorescent product (4-Methyl-
umbelliferone). Fluorescence is measured at 450 nm and a relative fluorescence value
(RFV) is generated (background reading subtracted from the final fluorescence reading).
The results are automatically calculated by the instrument, according to a standard (S1),
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and an index value (i) is obtained (where i = RFVsample/RFVS1). The test is interpreted
as negative when i < 1.0 and positive when i ≥ 1.0. The positivity cut-off values for
the VIDAS® CHIKM and CHKG assays were determined based on the area under the
receiver operating characteristic (ROC) curve and Youden index analyses, using clinically
characterised positive and negative human samples.

For the study, VIDAS® anti-CHIKV IgM and IgG assays were performed and in-
terpreted according to the instructions for use (056847-01 and 055960-01, respectively).
VIDAS® assays were repeated in the event of invalid calibration, established human error,
or absence of results delivered by the device. Only valid repeated results were taken into
account for data analysis. Two lots of VIDAS® anti-CHIKV IgM and IgG assays were used,
and the same lots were used at both testing sites (Brazil and France; Table 1). At the testing
site in Brazil (Table 1), samples were evaluated on one VIDAS® instrument and in parallel
by ELISA on a Mustikan FC reader (ThermoFisher Scientific, Waltham, MA, USA) between
4 October 2021, and 18 October 2021. At the testing site in France (Table 1), two VIDAS
instruments were employed, one for the VIDAS® anti-CHIKV IgM assays and one for the
VIDAS® anti-CHIKV IgG assays. Samples were evaluated in parallel on VIDAS® and by
ELISA on an ELISA reader BioTek 800TS (Agilent, Santa Clara, CA, USA) between 26 July
2021, and 7 October 2021.

2.4. Competitor Enzyme-Linked Immunosorbent Assays (ELISAs)

Competitor ELISAs (Table 2) were conducted and interpreted according to the man-
ufacturers’ recommendations. Competitor ELISA tests were repeated in the event of
established human error or in the absence of results delivered by the ELISA reader. Only
valid repeated results were taken into account for data analysis.

IgM ELISA (InBios) was interpreted as negative for result values (Immune Status
Ratio [ISR]) < 0.9, positive for ISR > 1.1, and equivocal for ISR of 0.9–1.1. IgM ELISA
(NovaTec) was interpreted as negative for result values (NovaTec Units [NTU]) < 9, positive
for NTU > 11, and equivocal for NTU of 9–11. Equivocal IgM assays were repeated in
duplicate (inBios) or singlicate (NovaTec). The repeated result (mean of duplicate for InBios,
singlicate value for NovaTec) was interpreted as either negative (<1.0 for InBios, ≤11 for
NovaTec) or positive (≥1.0 for InBios, >11 for NovaTec). Thus, the final interpretation of
IgM competitor ELISA was either negative or positive. Discordant IgM ELISA test results
were excluded from the analysis (Figure 1).

IgG ELISA (Euroimmun) was interpreted as negative for result values (Ratio) < 0.8,
positive for a ratio ≥ 1.1, and equivocal for a ratio of 0.8 to <1.1. Equivocal IgG ELISA test
results were excluded from the analysis (Figure 1).

2.5. Rapid Diagnostic Test (RDT)

The Standard Q Chikungunya IgM/IgG Rapid Kit (SD Biosensor, Gurugram, Haryana,
India) was applied to backup samples of sites 2 and 3 (Table 1). The test was performed and
interpreted according to the manufacturer’s instructions. In case of an invalid RDT result,
the test was repeated. In the event of a repeated invalid test result, the test was confirmed
as invalid and excluded from the analysis. Only valid repeated results were taken into
account for data analysis.

2.6. Real-Time RT-PCR Assays

At the collection and testing site in Brazil (Table 1), rRT-PCR was performed on
samples with a time from symptom onset ≤ 7 days using the ZDC kit (Zika, dengue,
and chikungunya) from Bio-Manguinhos, a unit of Fiocruz (Institute of Technology in
Immunobiologicals) approved by the National Agency for Health Surveillance ANVISA
(register number 80142170032). Samples with a positive rRT-PCR result and with at least
one follow-up sample were included in the sensitivity analysis.

At the testing site in France for samples collected at sites 2 and 3 (Table 1), rRT-PCR
was performed on samples with a time from symptom onset ≤ 14 days for information
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purposes only, using the CE-approved RealStar Chikungunya RT-PCR Kit 2.0 (Altona
diagnostics GmbH, Hamburg, Germany). The testing was outsourced to BIOMEX GmbH
(Heidelberg, Germany).

2.7. Precision Experiments

Precision experiments were conducted at bioMérieux (Marcy l’Etoile, France). Assay
precision was evaluated according to the CLSI EP05-A3 guideline [30] using characterised
high negative, low positive, and moderate positive human serum samples, as determined
by VIDAS® anti-CHIKV IgM and IgG assays. Samples were prepared from negative native
EFS samples spiked with a high positive native sample to obtain the expected index value
levels. Samples were stored at −20 ◦C/−30 ◦C until use.

Within-run precision (repeatability) and within-laboratory precision (between-lot
reproducibility) of the VIDAS® anti-CHIKV IgM and IgG assays were determined on
samples run in triplicate twice a day for 10 days (equivalent to a 20-day precision), using
two lots of VIDAS® assays on one VIDAS® instrument calibrated every second day, thus
generating 120 measurements per sample. 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 Deviate (ESD) test with a 1% α risk. In
case of confirmed outliers, data analysis was performed on both the full dataset and on the
dataset without statistical outliers. Only statistical outliers with an impact on the precision
estimates were considered outliers. Variance was expressed as standard deviation (SD) and
coefficient of variation (CV).

2.8. Cross-Reactivity Experiments

The analytical specificity of the VIDAS® anti-CHIKV IgM and IgG assays was evalu-
ated at bioMérieux (Marcy l’Etoile, France) on samples containing potentially interfering
antibodies directed against other pathogens. Cross-reactivity experiments were performed
using native samples collected from patients who tested positive for antibodies against
related or unrelated pathogens, as follows. Samples used for evaluating the cross-reactivity
with VIDAS® anti-CHIKV IgM were positive for pathogen-specific IgM, except for HAV,
HBV, HCV, HIV, IAV/IBV, and Plasmodium falciparum samples, which were positive for
pathogen-specific total antibodies. Samples used for evaluating the cross-reactivity with
anti-CHIKV IgG were positive for pathogen-specific IgG, except for HAV, HBV, HCV, HIV,
IAV/IBV, YFV, and Plasmodium falciparum samples, which were positive for pathogen-
specific total antibodies.

In addition, samples tested with VIDAS® anti-CHIKV IgM were previously char-
acterized as negative using a competitor anti-CHIKV IgM ELISA (Euroimmun Anti-
Chikungunya Virus ELISA (IgM), Inbios CHIKjj Detect™ IgM ELISA or NovaLisa® Chikun-
gunya Virus IgM µ-capture). Samples tested with VIDAS® anti-CHIKV IgG were previously
characterized as negative using the Euroimmun Anti-Chikungunya Virus ELISA (IgG).

All samples were stored at −80 ◦C until use, except for samples of SARS-CoV-2-
infected patients, which were stored at −30 ◦C. Samples were tested in singlicate, using one
kit lot each (IgM, IgG) on either five VIDAS® instruments (IgM) or two VIDAS® instruments
(IgG). A total of 210 and 205 samples with other potentially interfering infections were
tested on the VIDAS® anti-CHIKV IgM and IgG assays, respectively.

2.9. Statistical Analyses

Agreement analyses were conducted between the VIDAS® assays and competitor
ELISA used as a comparative method. Agreement analyses (PPA, NPA, and overall percent
agreement) were performed in adherence to the CLSI EP12-A2 guideline [31]. The 95%
confidence intervals (95% CI) were computed, either as Wilson Score Confidence Interval
if the percentage agreement was in the range ]5%, 95%[ or as Exact Binomial Confidence
Interval otherwise, using the SAS Enterprise Guide 7.12 software.



Diagnostics 2023, 13, 2306 10 of 19

The sensitivity of the VIDAS® IgM and IgG assays was evaluated by determining the
percentage of positive VIDAS® results on follow-up samples of patients with a CHIKV rRT-
PCR-positive status established between day 0 and 7 post symptom onset. The respective
95% CIs were computed as above. The sensitivity of the competitor IgM and IgG ELISA was
evaluated in parallel and compared to that of the VIDAS® assays in a pairwise comparison
using a McNemar’s test with Bonferroni correction (correction for three tests for IgM assays,
and for two tests for IgG assays).

Agreement of the VIDAS® and RDT assays with competitor ELISA was compared
according to the CLSI EP12-A2 guidelines [31], using the 95% CI of the differences of these
two concordance values; if 0 belonged to the 95% CI then both concordance values were not
considered significantly different, while if 0 was outside the 95% CI then both concordance
values were considered significantly different.

The assay precision was assessed in adherence to the CLSI EP05-A3 guideline [30]
by a component-of-variance analysis for nested design (Restricted Maximum Likelihood)
using the SAS Enterprise Guide 7.12 software.

VIDAS® CHIK IgM and IgG index values of longitudinal study samples used for the
sensitivity analysis (i.e., in patients with a confirmed CHIKV infection) were displayed as
Tukey box plots according to the time post symptom onset, using GraphPad Prism 5.04
(GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Patients’ Characteristics

A total of 660 serum samples were collected, of which 656 were analysed (Figure 1).
The 656 included samples were from 490 patients with suspected CHIKV infection, as
described in Table 4. The whole study population was composed of 340 (69.4%) females
and presented a median (range) age of 37 (15–92) years (Table 4). Out of the 490 included
patients, 184 (37.5%) were from Brazil, 165 (33.7%) from Colombia, 72 (14.7%) from Peru, 47
(9.6%) from India, 16 (3.3%) from the Dominican Republic, and 6 (1.2%) from Honduras
(Table 4).

Table 4. Patients’ and samples’ characteristics.

Characteristics Total Site 1 Site 2 Site 3

Centre - Brazil India France

Study population, N (%) 490 (100.0%) 184 (37.5%) 47 (9.6%) 259 (52.9%) 1

Age in years, median (range) 37.0 (15–92) 41.0 (19–83) 43.0 (20–83) 33.0 (15–92)

Sex, N (%)
Female 340 (69.4%) 124 (67.4%) 19 (40.4%) 197 (76.1%)
Male 150 (30.6%) 60 (32.6%) 28 (59.6%) 62 (23.9%)

Study samples, N (%) 656 (100.0%) 350 (53.3%) 47 (7.2%) 259 (39.5%)
1 Out of the 259 purchased samples, 165 (63.7%) were from Colombia, 72 (27.8%) from Peru, 16 (6.2%) from the
Dominican Republic, and 6 (2.3%) from Honduras.

A total of 490 samples were included in the agreement analysis comparing the VIDAS®

anti-CHIKV IgM and IgG assays to competitor ELISA (Figure 1, analysis I), 265 follow-up
samples of patients confirmed positive for CHIKV infection were included in the sensitivity
analysis (Table S1 and Figure 1, analysis II), and 306 samples were part of the agreement
sub-analysis comparing VIDAS® assays to ELISA vs. RDT to ELISA (Figure 1, analysis III).

3.2. Clinical Performance of the VIDAS® Anti-CHIKV IgM and IgG Assays
3.2.1. Clinical Sensitivity

The sensitivity of the VIDAS® assays was evaluated in patients confirmed positive for
CHIKV infection (as determined by a positive CHIKV rRT-PCR at ≤7 days post symptom
onset; Table S1). Clinical sensitivity was defined as the percentage of positive test results
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and was evaluated at different time intervals following the onset of symptoms. Sensitivity
of the competitor ELISA was evaluated in parallel (Table 5 and Figure S1).

Table 5. Percentage of positive test results with VIDAS® assays and competitor ELISA in patients
confirmed positive for CHIKV infection according to the time post symptom onset (n = 265 samples
from 101 patients; see Figure 1 and Table 4).

Assay

Time from Symptom Onset

Acute Phase Post-Acute Phase Chronic Phase

0–4 Days
(n = 75)

5–10 Days
(n = 34)

11–21 Days
(n = 69)

22–89 Days
(n = 31)

>89 Days
(n = 56)

VIDAS®

CHIKV IgM
n/N 1 (%) 11/75 (14.7%) 30/34 (88.2%) 69/69 (100.0%) 30/31 (96.8%) 53/56 (94.6%)
[95% CI] [8.4–24.4] [73.4–95.3] [94.8–100.0] [83.3–99.9] [85.4–98.2]

InBios
ELISA IgM

n/N 1 (%) 12/75 (16.0%) 31/34 (91.2%) 69/69 (100.0%) 29/31 (93.5%) 55/56 (98.2%)
[95% CI] [9.4–25.9] [77.0–97.0] [94.8–100.0] [79.3–98.2] [90.4–100.0]

NovaTec
ELISA IgM

n/N 1 (%) 18/75 (24.0%) 31/34 (91.2%) 69/69 (100.0%) 31/31 (100.0%) 56/56 (100.0%)
[95% CI] [15.8–34.8] [77.0–97.0] [94.8–100.0] [88.8–100.0] [93.6–100.0]

VIDAS®

CHIKV IgG
n/N 1 (%) 2/75 (2.7%) 9/34 (26.5%) 69/69 (100.0%) 31/31 (100.0%) 56/56 (100.0%)
[95% CI] [0.3–9.3] [14.6–43.1] [94.8–100.0] [88.8–100.0] [93.6–100.0]

Euroimmun
ELISA IgG

n/N 1 (%) 1/75 (1.3%) 6/33 (18.2%) 2 69/69 (100.0%) 31/31 (100.0%) 56/56 (100.0%)
[95% CI] [0.0–7.2] [8.6–34.4] [94.8–100.0] [88.8–100.0] [93.6–100.0]

1 n/N is the ratio of the number of samples positive for the respective immunoassays to the number of rRT-PCR-
positive samples. 2 One sample with an equivocal result with the Euroimmun IgG ELISA assay was excluded from
the calculation. An exact McNemar’s test with Bonferroni correction showed a significant difference in sensitivity
between the VIDAS® CHIK IgM and the NovaTec ELISA IgM assays for the 0–4 days samples (p = 0.047). All other
pairwise comparisons of the 0–4 days (IgM, IgG) and 5–10 days (IgG) samples were not statistically significant.
The percentage of positive test results according to the time post symptom onset shown in this Table are depicted
in Figure S1. Abbreviations: CHIK, chikungunya; CI, confidence interval.

All evaluated anti-CHIKV IgM assays demonstrated high sensitivity (88.2–100.0%)
from day 5 post symptom onset, while all anti-CHIKV IgG assays showed 100.0% sensitivity
from day 11 post symptom onset (Table 5 and Figure S1). Anti-CHIKV IgM and IgG assays
presented a lower sensitivity at earlier time points after the onset of symptoms (≤24.0% for
CHIKV IgM assays at 0–4 days, and ≤26.5% for CHIKV IgG assays at 0–10 days; Table 5
and Figure S1), as predicted from the reported kinetics of antibody response following a
CHIKV infection [5,6,19,20].

Altogether, over the whole evaluated period, few differences in sensitivity were
observed between the compared assays, with differences of 1.9% (5/265) between VIDAS®

CHIKV IgM and inBios IgM ELISA, 4.5% (12/265) between VIDAS® CHIKV IgM and
NovaTec IGM ELISA, and 1.5% (4/265) between VIDAS® CHIKV IgG and Euroimmun
IgG ELISA (Table 5). Pairwise differences in sensitivity were evaluated in case of apparent
differences in proportions at earlier time points (0–4 days for IgM assays, 0–4 days and
5–10 days for IgG assays; Table 5) using an exact McNemar’s test with Bonferroni correction.
All pairwise differences in sensitivity were not statistically significant (p = 1.000 for VIDAS®

CHIKV IgM vs. InBios IgM ELISA at 0–4 days, p = 0.094 for NovaTec IgM ELISA vs. InBios
IgM ELISA at 0–4 days, p = 1.000 for VIDAS® CHIKV IgG vs. Euroimmun IgG ELISA at
both 0–4 and 5–10 days), except for the comparison of VIDAS® CHIKV IgM vs. NovaTec
IgM ELISA at 0–4 days (p = 0.047). However, a closer evaluation of the result values of
the 12 apparent discordant VIDAS® CHIKV IgM test results vs. NovaTec IgM ELISA
(corresponding to samples negative for VIDAS® and positive for NovaTec ELISA; Table 5)
revealed low positive test results for the NovaTec IgM ELISA (with a median [IQR] of 14.4
[13.6–14.9], close to the positivity cutoff of 11.0), indicating no major discordance between
test results, and thus no great differences in sensitivity.

In agreement with these qualitative test results, index values of the VIDAS® CHIKV
IgM and IgG assays showed the expected kinetics of the antibody response [5,6,19,20], with
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significant detection of anti-CHIKV IgM from day 5 after onset of symptoms, peaking at
11–21 days, subsiding afterward (Figure 2a and Table S2), while anti-CHIKV IgG strongly
increased from day 11 after onset of symptoms and remained high over the evaluated
period (Figure 2b and Table S2).
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Figure 2. Distribution of VIDAS® CHIKV IgM (a) and IgG (b) index values in patients confirmed
positive for CHIKV infection according to the time post symptom onset. VIDAS® CHIKV IgM and
IgG index values of 265 samples from 101 CHIKV-positive patients (as determined by rRT-PCR within
7 days of symptom onset) are displayed as Tukey box plots according to the time from symptom
onset. No more than one patient’s sample is included per period. The dashed horizontal line shows
the positivity cut-off of both assays (i = 1.0). The median and interquartile range of the respective
index values are shown in Table S2.

3.2.2. Concordance of the VIDAS® CHIKV IgM and IgG Assays with Competitor ELISA in
the Total Study Population

Agreement analysis comparing the performance of the VIDAS® CHIKV IgM and
IgG assays to that of the competitor ELISA demonstrated very high positive and negative
percent agreements (PPA and NPA between 97.5% and 100.0%; Table 6). The PPA (95% CI)
of the comparison of anti-CHIKV IgM assays was the lowest, with 97.5% (93.8–99.3%).

Table 6. Concordance of the VIDAS® CHIKV assays with the respective competitor ELISA (n = 355
for anti-IgM assays, n = 398 for anti-IgG assays; see Figure 1).

VIDAS® CHIKV Assay
Positive Percent

Agreement (PPA)
Negative Percent
Agreement (NPA)

Overall Percent
Agreement (OPA)

IgM n/N 1 (%) 157/161 (97.5%) 194/194 (100.0%) 351/355 (98.9%)
[95% CI] [93.8–99.3] [98.1–100.0] [97.1–99.7]

IgG n/N 1 (%) 203/204 (99.5%) 193/194 (99.5%) 396/398 (99.5%)
[95% CI] [97.3–100.0] [97.2–100.0] [98.2–99.9]

1 n/N is the ratio of the number of samples for which VIDAS® assays are in agreement (positive, negative, and
overall) with the competitor ELISA (comparative method) to the number of samples that tested either positive or
negative (and overall) with the competitor ELISA. Positive and negative agreement with competitor ELISA was
calculated according to the rules described in Table 3. Abbreviations: CI, confidence interval.

Altogether, very few test results were discordant between the VIDAS® CHIKV assays
and the comparative methods, with 4/355 (1.1%) discordant anti-CHIKV IgM assays and
2/398 (0.5%) anti-CHIKV IgG assays (Table 6). For IgM assays, evaluation of the four discor-
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dant samples (negative for VIDAS® CHIKV IgM and positive for the competitor IgM ELISA;
Table 6) revealed inBios IgM test results close to the positivity cutoff of 1.0 and NovaTec
IgM test results that were moderately positive (median [IQR] of 17.95 [14.96–21.81]). These
four discordant samples were collected early after symptom onset (0–6 days; Table S3).
For IgG assays, the two discordant samples (one in the PPA analysis and one in the NPA
analysis; Table 6) revealed test results close to the respective positivity cutoff, thus not
strongly discordant. As for IgM assays, the one discordant PPA result (negative for VIDAS®

CHIKV IgG and positive for the competitor IgG ELISA) was from a sample collected within
0–6 days of symptom onset (Table S3), when the antibody response starts to mount (see
Figure 2). The one discordant NPA result in the anti-CHIKV IgG assay comparison (positive
for VIDAS® CHIKV IgG and negative for the competitor IgG ELISA) was collected in the
post-acute phase (22 days–3 months post symptom onset; Table S3).

3.2.3. Comparison of Assay Concordance of the VIDAS® CHIKV Assays and RDT with
Competitor ELISA

An agreement sub-analysis was conducted aiming to compare on common samples
the agreement of VIDAS® assays with the competitor ELISA to that of lateral flow RDT
with the same competitor ELISA (Figure 1). In this sub-cohort, VIDAS® CHIKV IgM and
IgG assays showed PPA and NPA with the competitor ELISA close to 100.0% (ranging from
99.2% to 100.0%; Table 7). By contrast, the PPA of RDT IgM/IgG with the competitor ELISA
was moderate (68.4% and 67.4% for IgM and IgG, respectively), together with an NPA of
100.0% (Table 7).

Table 7. Concordance of the VIDAS® CHIKV assays and of the RDT IgM/IgG assay with competitor
ELISA (n = 176 for IgM, n = 286 for IgG; see Figure 1).

Assay Positive Percent
Agreement (PPA)

Negative Percent
Agreement (NPA)

Overall Percent
Agreement (OPA)

VIDAS®

CHIKVIgM
n/N 1 (%) 19/19 (100.0%) 157/157 (100.0%) 176/176 (100.0%)
[95% CI] [82.4–100.0] [97.7–100.0] [97.9–100.0]

RDT
IgM/IgG 2

n/N 1 (%) 13/19 (68.4%) 157/157 (100.0%) 170/176 (96.6%)
[95% CI] [46.0–84.6] [97.7–100.0] [92.7–98.7]

VIDAS®

CHIKVIgG
n/N 1 (%) 128/129 (99.2%) 156/157 (99.4%) 284/286 (99.3%)
[95% CI] [95.8–100.0] [96.5–100.0] [97.5–100.0]

RDT
IgM/IgG 2

n/N 1 (%) 87/129 (67.4%) 157/157 (100.0%) 244/286 (85.3%)
[95% CI] [59.0–74.9] [97.7–100.0] [80.7–88.9]

1 n/N is the ratio of the number of samples for which VIDAS® or RDT assays are in agreement (positive, negative,
and overall) with the competitor ELISA (reference test) to the number of samples that tested either positive or
negative (and overall) with the competitor ELISA. 2 Standard Q Chikungunya IgM/IgG (SD Biosensor). Positive
and negative agreement with competitor ELISA was calculated according to the rules described in Table 3.
Abbreviations: CI, confidence interval; RDT, rapid diagnostic test.

Differences in agreement to ELISA of the VIDAS® and RDT assays were tested using
the 95% CI of the differences of both concordance values, as described in the Materials
and Methods (Section 2.9). For anti-CHIKV IgM assays, the NPA of VIDAS® and RDT
assays were both in perfect concordance with the comparative method (100.0%; Table 7).
By contrast, the difference (95% CI) of the PPA of the VIDAS® and RDT assays was 31.6%
(7.61–53.99), indicating that the PPA of VIDAS® CHIKV IgM to ELISA was significantly
higher than that of the RDT IgM. Similarly, for anti-CHIKV IgG assays, the difference (95%
CI) of the NPA of the VIDAS® and RDT assays was −0.6% (−3.50–1.77), inferring that the
NPA of VIDAS® CHIKV IgG to ELISA was not significantly different from that of RDT IgG.
As for IgM assays, the PPA of VIDAS® CHIKV IgG (99.2%) was significantly higher than
that of the RDT IgG (67.4%), with a difference (95% CI) in the PPA of VIDAS® and RDT
assays of 31.8% (23.54–40.31). Therefore, while the NPA of the VIDAS® anti-CHIKV IgM
and IgG assays were comparable to that of the rapid test STANDARDTM Q IgM/IgG (both
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close to 100.0%), the PPA of VIDAS® anti-CHIKV IgM and IgG assays were significantly
higher than that of the RDT.

A closer evaluation of the discordant RDT test results in the PPA analysis (i.e., negative
for RDT and positive for the competitor ELISA) showed that the 6/19 (31.6%) samples
with negative RDT IgM results (Table 7) were moderately positive with the NovaTec IgM
ELISA (median NTU of 24.6), the inBios IgM ELISA (median ISR of 7.7), and the VIDAS®

CHIKV IgM (median index of 14.3). Similarly, 42/129 (32.6%) samples with negative RDT
IgG results (Table 7) were moderately positive with the Euroimmun IgG ELISA (median
ratio of 4.28), and 41/42 of those were moderately positive with the VIDAS® CHIKV IgG
(median index of 14.2). Altogether, these results demonstrate that the RDT IgM/IgG assay
is less sensitive than ELISA, but also less sensitive than the VIDAS® CHIKV assays.

3.3. Analytical Performance of the VIDAS® CHIKV IgM and IgG Assays
3.3.1. Assay Precision

The assay precision of the VIDAS® anti-CHIKV IgM and IgG assays was evaluated on
high negative, low positive, and moderate positive samples. No outliers were identified
and a total of 120 measurements were included in the precision calculation. The coefficient
of variation (CV) across both assays did not exceed 5.0% for repeatability (within-run
precision) and 7.4% for within-laboratory (between-lot) precision (Table 8).

Table 8. Precision of the VIDAS® CHIKV IgM and IgG assays.

VIDAS®

CHIKV
Assay

Sample Measurements
(N)

Mean
Index

Repeatability
(Within-Run Precision)

Within-Laboratory
Precision 1

SD CV (%) SD CV (%)

IgM
High negative 120 0.84 0.02 2.2 0.04 5.1
Low positive 120 1.39 0.03 2.5 0.06 4.6

Moderate positive 120 3.68 0.07 1.9 0.11 3.0

IgG
High negative 120 0.92 0.05 5.0 0.07 7.4
Low positive 120 1.32 0.06 4.6 0.07 5.6

Moderate positive 120 5.82 0.22 3.7 0.34 5.9
1 Between-lot reproducibility. Abbreviations: SD, standard deviation; CV, coefficient of variation.

3.3.2. Assay Cross-Reactivity

The analytical specificity of the VIDAS® anti-CHIKV IgM and IgG assays was evalu-
ated using samples from patients with other proven infections and who had tested positive
for the respective pathogen-specific IgM, IgG, or total antibodies, and tested negative with
the respective competitor ELISA. The potentially interfering pathogens evaluated were
those responsible for febrile infections that could be misdiagnosed as CHIKV, such as
other alphaviruses (Barmah Forest virus, Ross River virus), flaviviruses (dengue virus,
West Nile virus, yellow fever virus, Zika virus, Japanese encephalitis virus), or other
pathogens (Plasmodium falciparum, leptospira, severe acute respiratory syndrome coron-
avirus 2 [SARS-CoV-2], . . . ). Cross-reactivity was measured as the proportion of positive
VIDAS® anti-CHIKV IgM and IgG test results among these samples (Table 9).

Overall cross-reactivity with the VIDAS® anti-CHIKV IgM and IgG assays was very
low (1/210 [0.5%] for VIDAS® anti-CHIKV IgM and 6/205 [2.9%] for VIDAS® anti-CHIKV
IgG; Table 9). The VIDAS® anti-CHIKV IgM assay showed one cross-reactivity with a native
sample positive for Toxoplasma gondii-specific IgM. The VIDAS® anti-CHIKV IgG assay
was cross-reactive with one native sample positive for herpes simplex virus (HSV)-specific
IgG, and with five samples positive for IgG against mosquito-borne viruses, including
West Nile virus (two cross-reactive samples out of ten tested) and Ross River virus (three
cross-reactive samples out of ten tested). No VIDAS® anti-CHIKV IgG cross-reactivity
was observed with IgG-positive samples of patients infected with other flaviviruses such
as dengue, yellow fever, and Zika viruses. Similarly, the VIDAS® anti-CHIKV IgM assay
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showed no cross-reactivity with samples of patients who tested IgM-positive for any of
the investigated alphaviruses (Barmah Forest virus, Ross River virus) and flaviviruses
(dengue virus, West Nile virus, yellow fever virus, Zika virus, Japanese encephalitis virus).
Moreover, VIDAS® anti-CHIKV IgM and IgG assays demonstrated no cross-reactivity with
samples positive for SARS-CoV-2 IgM and IgG antibodies, respectively (Table 9).

Table 9. Cross-reactivity of human native samples from patients with other infections potentially
interfering with the VIDAS® CHIKV IgM and IgG assays.

Potentially Interfering Infections
Proportion of Cross-Reactions with VIDAS® CHIKV Assays

IgM IgG

Herpes simplex virus (HSV1/2) 0/10 1/10

Varicella zoster virus (VZV) 0/10 0/10

Cytomegalovirus (CMV) 0/11 0/10

Epstein-Barr virus (EBV) 0/9 0/10

Influenza virus (IAV/IBV) 0/12 0/12

Hepatitis A virus (HAV) 0/10 0/10

Hepatitis B virus (HBV) 0/10 0/10

Hepatitis C Virus (HCV) 0/10 0/10

Parvovirus B19 0/6 0/10

Human immunodeficiency virus (HIV) 0/10 0/10

Borrelia burgdorferi 0/10 0/10

Plasmodium falciparum 0/10 0/10

Toxoplasma gondii 1/12 0/10

Leptospira 0/11 0/10

Dengue virus (DENV) 0/10 0/10

West Nile virus (WNV) 0/10 2/10

Yellow fever virus (YFV) 0/10 0/10

Zika virus (ZIKV) 0/11 0/10

Japanese encephalitis virus (JEV) 0/5 n.d.

Barmah Forest virus (BFV) 0/2 0/3

Ross River virus (RRV) 0/10 3/10

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 0/11 0/10

Total, n/N (%) 1/210 (0.48%) 6/205 (2.93%)

Abbreviation: n.d., not determined.

4. Discussion

This international study assessed the clinical performance of the automated VIDAS®

anti-CHIKV IgM and IgG assays in comparison to a manual competitor ELISA used
as a comparative method and evaluated assay sensitivity in patients with a confirmed
CHIKV infection.

In this first performance evaluation study, VIDAS® anti-CHIKV IgM and IgG re-
sults were comparable to those of competitor IgM and IgG ELISAs, with positive and
negative agreements between 97.5% and 100.0%. Given that existing commercial anti-
CHIKV IgM and IgG ELISA are recognised for their ability to accurately detect anti-
CHIKV antibodies [5,6,10,11,19,20,22–24], our study, therefore, demonstrates the good
clinical performance of the VIDAS® anti-CHIKV IgM and IgG assays. Our study also
confirmed the superior performance of ELISA over RDT, in accordance with the existing
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literature [5,6,10,11,19,20,22–24]. Moreover, the significant difference between the PPA of
VIDAS® and RDT assays (each compared to competitor ELISA) demonstrates for the first
time the superior performance of VIDAS® anti-CHIKV assays over that of RDT. On the
other hand, both VIDAS® and RDT assays showed NPA near or equal to 100.0%, suggesting
a clinical specificity comparable to that of ELISA.

Sensitivity of the VIDAS® anti-CHIKV IgM and IgG assays, assessed as the percentage
of positive test results in patients with a proven CHIKV infection, confirmed reports
from the literature as to the kinetics of the anti-CHIKV antibody response [5,6,19,20],
with >88% IgM detection at ≥5 days and 100% IgG detection at ≥11 days after symptom
onset. Our results, therefore, support the current guidelines for CHIKV infection diagnosis,
recommending the detection of CHIKV RNA by real-time RT-PCR within the first week of
symptom onset, and detection of anti-CHIKV IgM and/or IgG thereafter [13,15,17,18].

In addition to their strong clinical performance, VIDAS® anti-CHIKV IgM and IgG
assays demonstrated excellent analytical performance with high precision (CV < 8%) and
analytical specificity (cross-reactivities < 3%). Few cross-reactivities were identified using
samples of patients with related or unrelated infections. Nonetheless, five samples that
were positive for IgG against mosquito-borne arboviruses (2/10 West Nile virus and 3/10
Ross River virus), but negative with the competitor IgG ELISA, were positive with the
VIDAS® anti-CHIKV IgG assay. Cross-reactivity with samples of patients with a past
alphavirus infection, such as Ross River virus, was expected given the close homology of
alphaviruses [32–34] and previous reports of immune cross-reactivities between sera of
patients infected with CHIKV and other alphaviruses, including O’nyong-nyong, Mayaro,
and Ross River viruses [27,34–37]. These potentially cross-reactive viruses, together with
CHIKV, are endemic in partly overlapping regions and are responsible for diseases present-
ing similar symptoms [1,38,39]. This emphasizes the potential risk of misdiagnosis, even
with good-performing assays, and the importance of conducting differential diagnosis and
combining rRT-PCR, IgM, and/or IgG testing, depending on the time after symptom onset,
to confirm a CHIKV infection, as recommended [13,15,17,18].

The major strengths of this study include the enrolment of a large number of samples
(n = 660) covering multiple endemic regions of the world, including Asia (India) and Latin
America (Brazil, Colombia, Peru, Dominican Republic, Honduras), the large number of
samples included in the cross-reactivity analysis, the parallel evaluation of samples with
VIDAS® and competitor assays, and the use of a unique rRT-PCR test in one central lab for
the confirmation of a CHIKV infection for the sensitivity analysis.

Our study presents, nevertheless, a few limitations. First, the choice of considering two
competitor IgM ELISAs as comparators to the VIDAS® anti-CHIKV IgM assay led to the
exclusion of 35 samples (out of 490 [7.1%]) from the IgM analysis (because of discordance
between the two competitor IgM ELISAs), which might have introduced a bias in the
analysis. In the absence of a gold standard anti-CHIKV IgM assay, this strategy, however,
allowed a more robust agreement analysis of the VIDAS® anti-CHIKV IgM assay. A
second possible limitation is the selection of samples negative for both IgM and IgG (with
competitor ELISAs) for NPA analyses, which led to the exclusion of 187 ‘mismatched’
IgM/IgG samples and might have introduced a bias in the analysis. This is, however,
unlikely, since an analysis including all samples yielded comparable results. Third, given
the heterogeneity in the number of recruited samples per site (ranging from 47 to 350;
Table 4), no analysis per site was conducted. However, a preliminary analysis indicated
comparable performance of the VIDAS® anti-CHIKV assays per site and in the pooled
cohort. A future multicentre study enrolling sufficient participants per site should fill this
gap. Finally, although we tested the potential cross-reactivity of the VIDAS® anti-CHIKV
assays with some alphaviruses (Ross River virus, Barmah Forest virus), the difficulty to
acquire alphavirus-specific sera prevented us from testing further cross-reactivities with
other related alphaviruses, notably O’nyong-nyong and Mayaro viruses, known to cross-
react in competitor ELISA assays [27,34–37]. Additional investigations will be needed to
address this question.
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5. Conclusions

This international performance evaluation study, conducted on a large number of sam-
ples representative of several chikungunya-endemic regions, demonstrated the excellent
analytical and clinical performances of the VIDAS® anti-CHIKV assays for the detection of
CHIKV-specific IgM and IgG following CHIKV infection. The VIDAS® anti-CHIKV assays,
therefore, fulfil the requirements of the current guidelines for the diagnosis of a CHIKV
infection. Furthermore, they present the advantage over conventional ELISA to be executed
and interpreted automatically within 40 min, which is a clear clinical and epidemiological
benefit in CHIKV endemic regions and at the time of outbreaks. They also offer more
testing flexibility over ELISA (single testing vs. batch testing), and are as easy to perform
as RDT, while offering a higher clinical performance than these rapid tests.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/diagnostics13132306/s1, Table S1: Description of the follow-up samples of
patients confirmed positive for CHIKV infection and included in the sensitivity analysis (Figure 1,
analysis II); Table S2: Median and interquartile range (IQR) of VIDAS®CHIK IgM and IgG results
depicted in Figure 2, according to the time from symptom onset (n = 265); Table S3: Concordance
of the VIDAS®CHIKV assays with the respective competitor ELISA according to the time from
symptom onset (n = 355 samples for anti-IgM assays, n = 398 samples for anti-IgG assays [Figure 1];
see Table 6 for the concordance in the whole study population); Figure S1: Sensitivity of the VIDAS
and competitor ELISA CHIK IgM (a) and IgG (b) assays.

Author Contributions: Conceptualization, L.C., A.L.-T., C.d.S.L., G.P.-B., A.B. and E.C.S.; methodol-
ogy, L.C., A.L.-T., C.T. and A.B.; software, L.D.; validation, G.M.P., E.R.M., L.C., C.T. and A.B.; formal
analysis, A.L.-T.; investigation, G.M.P., M.F.C., C.T., P.B., A.M.B.d.F. and A.B.; resources, G.M.P.,
E.R.M., F.R., C.d.S.L., P.B., A.M.B.d.F., G.P.-B. and E.C.S.; data curation, G.M.P., M.S.R., L.D., C.T. and
A.B.; writing—review and editing, G.M.P., E.R.M., L.C., M.F.C., M.S.R., L.D., A.L.-T., F.R., C.T., A.B.
and E.C.S.; visualization, A.L.-T.; supervision, L.C., C.T., A.B. and E.C.S.; project administration, L.C.,
C.T., A.B. and E.R.M. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by bioMérieux and received no external funding. The APC was
funded by bioMérieux.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by institutional ethics committee (CEP) of the Faculty of Medicine of
the University of São Paulo, Brazil (approval number 4.692.542, dated 5 May 2021), and by the
independent ethics committee Namaste Integrated Services, Lanka, Varanasi, India (approval number
BS-IND-001, dated 7 August 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available within the article and
Supplementary Material.

Acknowledgments: Development of the VIDAS® Anti-CHIKUNGUNYA IgM and VIDAS® Anti-
CHIKUNGUNYA IgG assays was made possible through the contribution of technology and methods
developed at the Vaccine Research Center (VRC), National Institute of Allergy and Infectious Diseases
(NIAID), and National Institute of Health (NIH) (Maryland, USA). The authors are grateful to
the collaborators at bioMérieux (Marcy L’Etoile, France) for their contribution to VLP culture and
purification development (Guillaume Gerez), VLP characterization (Jérôme Martinez, Guillaume
Gerez), VIDAS® Anti-CHIKV IgM and IgG assay development, optimisation and production (Evelyne
Blein, Aude Lantz, Solenne Farcy, Lisa Prophète, Brigitte Riou), selection and provision of samples
(Mathilde Sanvert, Marie-Paule Troubat), VIDAS® Anti-CHIKV IgM and IgG assay performance
(Florence Sénot), VIDAS® Anti-CHIKV IgM and IgG assay analytical validation (Adeline Faussurier,
Mathilde Fumagalli), statistical analysis (Ludovic Brossault), and publication coordination and
discussions (Irena Iankova, Nadège Goutagny, Fanette Ravel, Françoise Gay-Andrieu). The authors
thank Biospecimen Solutions Pvt Ltd. (Sampigehalli, Bangalore, Karnataka, India) for the prospective
collection and transfer of human sera to bioMérieux (Marcy L’Etoile, France). The authors also thank
Anne Rascle of AR Medical Writing (Regensburg, Germany) for providing medical writing support,

https://www.mdpi.com/article/10.3390/diagnostics13132306/s1
https://www.mdpi.com/article/10.3390/diagnostics13132306/s1


Diagnostics 2023, 13, 2306 18 of 19

which was funded by bioMérieux (Marcy L’Etoile, France) in accordance with Good Publication
Practice (GPP3) guidelines (http://www.ismpp.org/gpp3; accessed on 20 March 2023).

Conflicts of Interest: L.C., L.D., A.L.-T., F.R., C.T., G.P.-B. and A.B. are or were employees of
bioMérieux. This study was funded by bioMérieux. The funder was involved in the design and
execution of the study, in the data analysis and interpretation, in the decision to publish the results,
and in the writing of the manuscript.

References
1. Vairo, F.; Haider, N.; Kock, R.; Ntoumi, F.; Ippolito, G.; Zumla, A. Chikungunya: Epidemiology, Pathogenesis, Clinical Features,

Management, and Prevention. Infect. Dis. Clin. N. Am. 2019, 33, 1003–1025. [CrossRef]
2. Robinson, M.C. An Epidemic of Virus Disease in Southern Province, Tanganyika Territory, in 1952–1953—I: Clinical Features.

Trans R. Soc. Trop. Med. Hyg. 1955, 49, 28–32. [CrossRef]
3. Deeba, F.; Haider, M.S.H.; Ahmed, A.; Tazeen, A.; Faizan, M.I.; Salam, N.; Hussain, T.; Alamery, S.F.; Parveen, S. Global

Transmission and Evolutionary Dynamics of the Chikungunya Virus. Epidemiol. Infect. 2020, 148, e63. [CrossRef] [PubMed]
4. Leparc-Goffart, I.; Nougairede, A.; Cassadou, S.; Prat, C.; de Lamballerie, X. Chikungunya in the Americas. Lancet 2014, 383, 514.

[CrossRef] [PubMed]
5. Natrajan, M.S.; Rojas, A.; Waggoner, J.J. Beyond Fever and Pain: Diagnostic Methods for Chikungunya Virus. J. Clin. Microbiol.

2019, 57, e00350-19. [CrossRef]
6. Álvarez-Argüelles, M.E.; Alba, S.R.; Pérez, M.R.; Riveiro, J.A.B.; García, S.M.; Álvarez-Argüelles, M.E.; Alba, S.R.; Pérez, M.R.;

Riveiro, J.A.B.; García, S.M. Diagnosis and Molecular Characterization of Chikungunya Virus Infections; IntechOpen: London, UK,
2019; ISBN 978-1-78923-890-7.

7. Silva, J.V.J.; Ludwig-Begall, L.F.; Oliveira-Filho, E.F.; de Oliveira, R.A.S.; Durães-Carvalho, R.; Lopes, T.R.R.; Silva, D.E.A.;
Gil, L.H.V.G. A Scoping Review of Chikungunya Virus Infection: Epidemiology, Clinical Characteristics, Viral Co-Circulation
Complications, and Control. Acta Trop. 2018, 188, 213–224. [CrossRef]

8. Paixão, E.S.; Teixeira, M.G.; Rodrigues, L.C. Zika, Chikungunya and Dengue: The Causes and Threats of New and Re-Emerging
Arboviral Diseases. BMJ Glob. Health 2018, 3, e000530. [CrossRef]

9. Furuya-Kanamori, L.; Liang, S.; Milinovich, G.; Soares Magalhaes, R.J.; Clements, A.C.A.; Hu, W.; Brasil, P.; Frentiu, F.D.; Dunning,
R.; Yakob, L. Co-Distribution and Co-Infection of Chikungunya and Dengue Viruses. BMC Infect. Dis. 2016, 16, 84. [CrossRef]

10. Mota, M.L.; Dos Santos Souza Marinho, R.; Duro, R.L.S.; Hunter, J.; de Menezes, I.R.A.; de Lima Silva, J.M.F.; Pereira, G.L.T.;
Sabino, E.C.; Grumach, A.; Diaz, R.S.; et al. Serological and Molecular Epidemiology of the Dengue, Zika and Chikungunya
Viruses in a Risk Area in Brazil. BMC Infect. Dis. 2021, 21, 704. [CrossRef] [PubMed]

11. Ohst, C.; Saschenbrecker, S.; Stiba, K.; Steinhagen, K.; Probst, C.; Radzimski, C.; Lattwein, E.; Komorowski, L.; Stöcker, W.;
Schlumberger, W. Reliable Serological Testing for the Diagnosis of Emerging Infectious Diseases. Adv. Exp. Med. Biol. 2018, 1062,
19–43. [CrossRef]

12. Vu, D.M.; Jungkind, D.; LaBeaud, A.D. Chikungunya Virus. Clin. Lab. Med. 2017, 37, 371–382. [CrossRef] [PubMed]
13. Pan American Health Organization. Tool for the Diagnosis and Care of Patients with Suspected Arboviral Diseases. Available

online: https://iris.paho.org/bitstream/handle/10665.2/33895/9789275119365_eng.pdf?sequence=1&isAllowed=y (accessed
on 15 October 2022).

14. Ribeiro, M.O.; Godoy, D.T.; Fontana-Maurell, M.; Costa, E.M.; Andrade, E.F.; Rocha, D.R.; Ferreira, A.G.P.; Brindeiro, R.; Tanuri,
A.; Alvarez, P. Analytical and Clinical Performance of Molecular Assay Used by the Brazilian Public Laboratory Network to
Detect and Discriminate Zika, Dengue and Chikungunya Viruses in Blood. Braz. J. Infect. Dis. 2021, 25, 101542. [CrossRef]

15. Simon, F.; Javelle, E.; Cabie, A.; Bouquillard, E.; Troisgros, O.; Gentile, G.; Leparc-Goffart, I.; Hoen, B.; Gandjbakhch, F.; Rene-
Corail, P.; et al. French Guidelines for the Management of Chikungunya (Acute and Persistent Presentations). November 2014.
Med. Mal. Infect. 2015, 45, 243–263. [CrossRef] [PubMed]

16. Cunha, R.V.; da Trinta, K.S. Chikungunya Virus: Clinical Aspects and Treatment—A Review. Mem. Inst. Oswaldo Cruz 2017, 112,
523–531. [CrossRef]

17. World Health Organization. Guidelines on Clinical Management of Chikungunya Fever. Available online: https://www.who.
int/publications-detail-redirect/guidelines-on-clinical-management-of-chikungunya-fever (accessed on 12 October 2022).

18. Centers for Disease Control and Prevention. Diagnostic Testing|Chikungunya Virus|CDC. Available online: https://www.cdc.
gov/chikungunya/hc/diagnostic.html (accessed on 13 October 2022).

19. Johnson, B.W.; Russell, B.J.; Goodman, C.H. Laboratory Diagnosis of Chikungunya Virus Infections and Commercial Sources for
Diagnostic Assays. J. Infect. Dis. 2016, 214, S471–S474. [CrossRef] [PubMed]

20. Andrew, A.; Navien, T.N.; Yeoh, T.S.; Citartan, M.; Mangantig, E.; Sum, M.S.H.; Ch’ng, E.S.; Tang, T.-H. Diagnostic Accuracy of
Serological Tests for the Diagnosis of Chikungunya Virus Infection: A Systematic Review and Meta-Analysis. PLoS Negl. Trop.
Dis. 2022, 16, e0010152. [CrossRef]

21. Chua, C.-L.; Sam, I.-C.; Merits, A.; Chan, Y.-F. Antigenic Variation of East/Central/South African and Asian Chikungunya Virus
Genotypes in Neutralization by Immune Sera. PLoS Negl. Trop. Dis. 2016, 10, e0004960. [CrossRef]

http://www.ismpp.org/gpp3
https://doi.org/10.1016/j.idc.2019.08.006
https://doi.org/10.1016/0035-9203(55)90080-8
https://doi.org/10.1017/S0950268820000497
https://www.ncbi.nlm.nih.gov/pubmed/32070451
https://doi.org/10.1016/S0140-6736(14)60185-9
https://www.ncbi.nlm.nih.gov/pubmed/24506907
https://doi.org/10.1128/JCM.00350-19
https://doi.org/10.1016/j.actatropica.2018.09.003
https://doi.org/10.1136/bmjgh-2017-000530
https://doi.org/10.1186/s12879-016-1417-2
https://doi.org/10.1186/s12879-021-06401-3
https://www.ncbi.nlm.nih.gov/pubmed/34303348
https://doi.org/10.1007/978-981-10-8727-1_3
https://doi.org/10.1016/j.cll.2017.01.008
https://www.ncbi.nlm.nih.gov/pubmed/28457355
https://iris.paho.org/bitstream/handle/10665.2/33895/9789275119365_eng.pdf?sequence=1&isAllowed=y
https://doi.org/10.1016/j.bjid.2021.101542
https://doi.org/10.1016/j.medmal.2015.05.007
https://www.ncbi.nlm.nih.gov/pubmed/26119684
https://doi.org/10.1590/0074-02760170044
https://www.who.int/publications-detail-redirect/guidelines-on-clinical-management-of-chikungunya-fever
https://www.who.int/publications-detail-redirect/guidelines-on-clinical-management-of-chikungunya-fever
https://www.cdc.gov/chikungunya/hc/diagnostic.html
https://www.cdc.gov/chikungunya/hc/diagnostic.html
https://doi.org/10.1093/infdis/jiw274
https://www.ncbi.nlm.nih.gov/pubmed/27920176
https://doi.org/10.1371/journal.pntd.0010152
https://doi.org/10.1371/journal.pntd.0004960


Diagnostics 2023, 13, 2306 19 of 19

22. Mascarenhas, M.; Garasia, S.; Berthiaume, P.; Corrin, T.; Greig, J.; Ng, V.; Young, I.; Waddell, L. A Scoping Review of Published
Literature on Chikungunya Virus. PLoS ONE 2018, 13, e0207554. [CrossRef]

23. Johnson, B.W.; Goodman, C.H.; Holloway, K.; de Salazar, P.M.; Valadere, A.M.; Drebot, M.A. Evaluation of Commercially
Available Chikungunya Virus Immunoglobulin M Detection Assays. Am. J. Trop. Med. Hyg. 2016, 95, 182–192. [CrossRef]

24. Kikuti, M.; Tauro, L.B.; Moreira, P.S.S.; Nascimento, L.C.J.; Portilho, M.M.; Soares, G.C.; Weaver, S.C.; Reis, M.G.; Kitron, U.;
Ribeiro, G.S. Evaluation of Two Commercially Available Chikungunya Virus IgM Enzyme-Linked Immunoassays (ELISA) in a
Setting of Concomitant Transmission of Chikungunya, Dengue and Zika Viruses. Int. J. Infect. Dis. 2020, 91, 38–43. [CrossRef]

25. Woods, C.R. False-Positive Results for Immunoglobulin M Serologic Results: Explanations and Examples. J. Pediatr. Infect. Dis.
Soc. 2013, 2, 87–90. [CrossRef]

26. Landry, M.L. Immunoglobulin M for Acute Infection: True or False? Clin. Vaccine Immunol. 2016, 23, 540–545. [CrossRef]
27. Prat, C.M.; Flusin, O.; Panella, A.; Tenebray, B.; Lanciotti, R.; Leparc-Goffart, I. Evaluation of Commercially Available Serologic

Diagnostic Tests for Chikungunya Virus. Emerg. Infect. Dis. 2014, 20, 2129–2132. [CrossRef]
28. Akahata, W.; Yang, Z.-Y.; Andersen, H.; Sun, S.; Holdaway, H.A.; Kong, W.-P.; Lewis, M.G.; Higgs, S.; Rossmann, M.G.; Rao, S.;

et al. A Virus-like Particle Vaccine for Epidemic Chikungunya Virus Protects Nonhuman Primates against Infection. Nat. Med.
2010, 16, 334–338. [CrossRef] [PubMed]

29. Yap, M.L.; Klose, T.; Urakami, A.; Hasan, S.S.; Akahata, W.; Rossmann, M.G. Structural Studies of Chikungunya Virus Maturation.
Proc. Natl. Acad. Sci. USA 2017, 114, 13703–13707. [CrossRef]

30. Clinical & Laboratory Standards Institute. EP05-A3: Evaluating Quantitative Measurement Precision, 3rd ed.; Clinical and Labora-
tory Standards Institute: Wayne, PA, USA, 2014. Available online: https://clsi.org/standards/products/method-evaluation/
documents/ep05/ (accessed on 27 October 2021).

31. Clinical & Laboratory Standards Institute. EP12-A2: User Protocol for Evaluation of Qualitative Test Performance, 2nd ed.; Clinical
and Laboratory Standards Institute: Wayne, PA, USA, 2008. Available online: https://clsi.org/standards/products/method-
evaluation/documents/ep12/ (accessed on 12 October 2022).

32. Khan, A.H.; Morita, K.; Parquet, M.D.C.; Hasebe, F.; Mathenge, E.G.M.; Igarashi, A. Complete Nucleotide Sequence of Chikun-
gunya Virus and Evidence for an Internal Polyadenylation Site. J. Gen. Virol. 2002, 83, 3075–3084. [CrossRef]

33. Lwande, O.W.; Obanda, V.; Bucht, G.; Mosomtai, G.; Otieno, V.; Ahlm, C.; Evander, M. Global Emergence of Alphaviruses That
Cause Arthritis in Humans. Infect. Ecol. Epidemiol. 2015, 5, 29853. [CrossRef] [PubMed]

34. Henss, L.; Yue, C.; Kandler, J.; Faddy, H.M.; Simmons, G.; Panning, M.; Lewis-Ximenez, L.L.; Baylis, S.A.; Schnierle, B.S.
Establishment of an Alphavirus-Specific Neutralization Assay to Distinguish Infections with Different Members of the Semliki
Forest Complex. Viruses 2019, 11, 82. [CrossRef]

35. Smith, J.L.; Pugh, C.L.; Cisney, E.D.; Keasey, S.L.; Guevara, C.; Ampuero, J.S.; Comach, G.; Gomez, D.; Ochoa-Diaz, M.; Hontz,
R.D.; et al. Human Antibody Responses to Emerging Mayaro Virus and Cocirculating Alphavirus Infections Examined by Using
Structural Proteins from Nine New and Old World Lineages. mSphere 2018, 3, e00003-18. [CrossRef] [PubMed]

36. Partidos, C.D.; Paykel, J.; Weger, J.; Borland, E.M.; Powers, A.M.; Seymour, R.; Weaver, S.C.; Stinchcomb, D.T.; Osorio, J.E.
Cross-Protective Immunity against o’nyong-Nyong Virus Afforded by a Novel Recombinant Chikungunya Vaccine. Vaccine 2012,
30, 4638–4643. [CrossRef]

37. Kam, Y.-W.; Pok, K.-Y.; Eng, K.E.; Tan, L.-K.; Kaur, S.; Lee, W.W.L.; Leo, Y.-S.; Ng, L.-C.; Ng, L.F.P. Sero-Prevalence and Cross-
Reactivity of Chikungunya Virus Specific Anti-E2EP3 Antibodies in Arbovirus-Infected Patients. PLoS Negl. Trop. Dis. 2015,
9, e3445. [CrossRef] [PubMed]

38. Flies, E.J.; Lau, C.L.; Carver, S.; Weinstein, P. Another Emerging Mosquito-Borne Disease? Endemic Ross River Virus Transmission
in the Absence of Marsupial Reservoirs. BioScience 2018, 68, 288–293. [CrossRef]

39. Paz, S. Climate Change Impacts on West Nile Virus Transmission in a Global Context. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2015,
370, 20130561. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1371/journal.pone.0207554
https://doi.org/10.4269/ajtmh.16-0013
https://doi.org/10.1016/j.ijid.2019.11.001
https://doi.org/10.1093/jpids/pis133
https://doi.org/10.1128/CVI.00211-16
https://doi.org/10.3201/eid2012.141269
https://doi.org/10.1038/nm.2105
https://www.ncbi.nlm.nih.gov/pubmed/20111039
https://doi.org/10.1073/pnas.1713166114
https://clsi.org/standards/products/method-evaluation/documents/ep05/
https://clsi.org/standards/products/method-evaluation/documents/ep05/
https://clsi.org/standards/products/method-evaluation/documents/ep12/
https://clsi.org/standards/products/method-evaluation/documents/ep12/
https://doi.org/10.1099/0022-1317-83-12-3075
https://doi.org/10.3402/iee.v5.29853
https://www.ncbi.nlm.nih.gov/pubmed/26689654
https://doi.org/10.3390/v11010082
https://doi.org/10.1128/mSphere.00003-18
https://www.ncbi.nlm.nih.gov/pubmed/29577083
https://doi.org/10.1016/j.vaccine.2012.04.099
https://doi.org/10.1371/journal.pntd.0003445
https://www.ncbi.nlm.nih.gov/pubmed/25568956
https://doi.org/10.1093/biosci/biy011
https://doi.org/10.1098/rstb.2013.0561
https://www.ncbi.nlm.nih.gov/pubmed/25688020

	Introduction 
	Materials and Methods 
	Patients and Samples 
	Study Design and Definitions 
	VIDAS® Assays 
	Competitor Enzyme-Linked Immunosorbent Assays (ELISAs) 
	Rapid Diagnostic Test (RDT) 
	Real-Time RT-PCR Assays 
	Precision Experiments 
	Cross-Reactivity Experiments 
	Statistical Analyses 

	Results 
	Patients’ Characteristics 
	Clinical Performance of the VIDAS® Anti-CHIKV IgM and IgG Assays 
	Clinical Sensitivity 
	Concordance of the VIDAS® CHIKV IgM and IgG assays with Competitor ELISA in the Total Study Population 
	Comparison of Assay Concordance of the VIDAS® CHIKV Assays and RDT with Competitor ELISA 

	Analytical Performance of the VIDAS® CHIKV IgM and IgG Assays 
	Assay Precision 
	Assay Cross-Reactivity 


	Discussion 
	Conclusions 
	References

