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f Medicine, University of British Columbia, Vancouver, British Columbia, Canada   

A R T I C L E  I N F O   

Keywords: 
SARS-CoV-2 
COVID-19 
Immunoassays 
Multiplex serology 
Human coronavirus 

A B S T R A C T   

Background: Multiplex immunoassays capture a comprehensive profile of the humoral response against SARS- 
CoV-2 and human endemic coronaviruses. We validated a multiplex panel (V-PLEX Panel 2) from Meso Scale 
Diagnostics targeting antibodies against nine coronavirus antigens. Performance was compared against alter-
native single- and multi-antigen immunoassays. 
Methods: Sera collected for clinical or public health testing from 2018 to 2020 (n = 135) were used to compare all 
tested platforms, and inter-test agreement was assessed by Cohen’s kappa coefficient. Sample category (positive/ 
negative) was assigned based on collection date relative to the index case in Canada, and SARS-CoV-2 PCR and 
serology results. 117 out of the 135 samples (31 positive, 86 negative) were assigned a category and were used to 
calculate sensitivity and specificity, with MSD’s test results based upon manufacturer-set cut-offs. 
Results: We observed SARS-CoV-2 target sensitivities of 100% and specificities >94% for all antigens (RBD, 
Nucleocapsid, Spike) in V-PLEX Panel 2. When targets were combined, we found a SARS-CoV-2 sensitivity of 
100% and specificity of 98.8% with no difference in performance compared to clinical assays, and Cohen’s kappa 
ranging from 0.798 to 0.945 compared to surface plasmon resonance imaging (SPRi). Quantitative measurements 
of antibodies against the Spike protein of endemic human coronaviruses were concordant with SPRi. 
Conclusion: Meso Scale Diagnostics’ V-PLEX Coronavirus Panel 2 allows for highly sensitive and specific detection 
of anti-coronavirus IgG, and is concordant with other serological assays for detection of antibodies against SARS- 
CoV-2 and the endemic human coronaviruses, making it a good tool for humoral response characterization after 
both infection and vaccination.   

1. Introduction 

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is 
the causative agent of COVID-19 and is part of the Betacoronavirus 
(Beta-CoV) genus that also includes two common cold endemic human 
coronaviruses (HCoVs), HCoV-HKU1 and HCoV-OC43. Interestingly, 
several studies have demonstrated elevated anti-Beta-HCoV IgG in 
COVID-19, particularly in those with severe disease, presenting it as a 

potential prognostic marker for disease severity [1–4]. 
Serosurveys are crucial in informing public health practice and 

guidelines, providing information on disease incidence and prevalence, 
and humoral responses to vaccination. Serological assays, such as 
chemiluminescent immunoassays that measure immunoglobulins, can 
identify immune responses generated in response to both infection and 
vaccination by measurements of IgG. Immunoassays currently autho-
rized by Health Canada (HC) for clinical use detect antibodies against 
one protein target per test. However, multiple targets must be evaluated 
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to better understand the immune response against SARS-CoV-2 in nat-
ural infection and vaccination. Thus, multiplex immunoassays capable 
of simultaneously detecting multiple targets present an easily imple-
mentable solution for further investigations into the complex humoral 
immune responses against SARS-CoV-2. 

Here, we have evaluated the performance of a novel pan-coronavirus 
(pan-CoV) immunoassay on residual sera collected for routine clinical 
testing at the British Columbia Centre for Disease Control (BCCDC) 
Public Health Laboratory (PHL) in Canada. The V-PLEX Coronavirus 
Panel 2 assay is a multiplex coronavirus immunoassay from Meso Scale 
Diagnostics (MSD, Rockville, USA) that utilizes electro-
chemiluminescence for detection of six coronaviruses. We compared the 
performance of this assay against surface plasmon resonance imaging 
(SPRi), another pan-CoV assay using changes in the refractive indices 
upon ligand binding for label-free, real-time detection of serum anti-
bodies [5]. We have also compared the MSD assay’s COVID-19 diag-
nostic performance against three HC-approved single-antigen 
serological tests. Together, we found that MSD’s V-PLEX Coronavirus 
Panel 2 produced reliable quantification across SARS-CoV-2 and HCoV 
antibodies. 

2. Material and methods 

2.1. Serum samples 

A total of 135 residual patient sera previously submitted to the 
BCCDC PHL for clinical and public health testing from 2018 to 2020 
were used for validation studies. Of the 135, 117 well-defined samples 
were classified as either “COVID-19 negative” or “COVID-19 positive” 
for use in determining assay performance for detection of anti-SARS- 
CoV-2 antibodies. Presumptive negative samples (n = 86) were 
collected prior to the first index case of COVID-19 in Canada (January 
23rd, 2020), and were additionally confirmed to be SARS-CoV-2- 
negative by PCR and HC-approved immunoassays in a clinical testing 
algorithm (Supplementary Figure 1). Presumptive positive samples (n =
31) were collected >14 days post-symptom onset from PCR-confirmed 
COVID-19 patients diagnosed after January 23rd, 2020, and tested 
positive for anti-SARS-CoV-2 antibodies by HC-approved serology. The 
remaining eighteen samples were all included to assess inter-assay 
agreement, but not to evaluate diagnostic performance. No category 
was assigned to these samples as the criteria above were not met. Ten 
samples were negative by both PCR and serology but were collected 
following the index case in Canada; four were PCR positive but negative 
by clinical serology; and four were PCR indeterminate and serology 
positive. 

Testing and analyses were conducted under a public health labora-
tory mandate under the Public Health Act and were therefore exempt 
from research ethics board review. 

2.2. Health Canada-approved single-antigen chemiluminescent 
immunoassays 

ADVIA Centaur XP SARS-CoV-2 Total Antibody anti-Receptor Bind-
ing Domain (Siemens T; Siemens, USA), ARCHITECT SARS-CoV-2 IgG 
anti-Nucleocapsid (Abbott IgG; Abbott, USA), and VITROS Anti-SARS- 
CoV-2 Total Antibody anti-Spike (Ortho T; Ortho Clinical Diagnostics, 
USA) were used to benchmark the multi-antigen assays and were per-
formed as per manufacturer recommendations. 

2.3. Meso ScaleDdiagnostics V-PLEX Coronavirus Panel 2 for IgG 

Reactivity against HCoVs, SARS-CoV-1 and SARS-CoV-2 was tested 
on the MSD’s V-PLEX Coronavirus Panel 2 for IgG (K15369U). Each well 
on the 96-well plate contains multiple coronavirus-related targets 
spotted at the bottom of the well and include Spike (S) of Alpha-HCoVs 
HCoV-229E and HCoV-NL63; Spike of Beta-HCoVs HCoV-OC43 and 
HCoV-HKU1; Spike of SARS-CoV-1; and Spike, nucleocapsid (NC), and 
S1 receptor binding domain (RBD) of SARS-CoV-2. The assay was per-
formed per manufacturer’s instructions as described below . 

Samples diluted 1:5000 were added to the plate, and bound anti-
bodies were then labelled with SULFO-TAG™ Anti-human IgG Anti-
body. Plates were read using MSD QuickPlex SQ120. Raw data was 
processed using MSD’s Discovery Workbench version 4.0 and imported 
into R to interpret signal cut-off values. Quantification was reported in 
Arbitrary Units/mL (AU/mL). As per manufacturer guidelines, cut-off 
values were: Spike, 1960 AU/mL; NC, 5000 AU/mL; and S1 RBD, 538 
AU/mL. To be considered serologically positive for SARS-CoV-2 via 
natural infection using this assay’s interpretive algorithm, samples must 
be positive for targets as described in Fig. 1. 

Three serology controls (SC 1.1, SC 1.2, and SC 1.3) provided by the 
manufacturer containing known concentrations of human IgG against 
the targets in the panel (Supplementary Table 1) were run in duplicate 
on each plate. To assess assay precision and inter-assay variability, 
readings from 15 independent runs were used to calculate the coefficient 
of variation (CV). To further assess the precision around the 
manufacturer-recommended cut-offs, we re-analyzed three serum 
specimens previously found to be close to the cut-off from our validation 
panel. We first identified potential candidate sera lying within a pre- 
determined range (Spike: 1300–2300 AU/mL, RBD: 500–600 AU/mL, 
NC: 4500–5500 AU/mL), and then anonymized the container identifiers 
before randomly selecting three to assay. To note, ranges were expanded 
in increments of 100 AU/mL to ensure a minimum of six candidates per 
target. Readings from four independent runs were used to calculate CVs 
(Supplementary Table 2). 

2.4. Surface plasmon resonance imaging 

The SARS CoV-2 SPRi immunoassay uses a Molecular Affinity 
Screening System (MASS-2) (Bruker Daltonics, Billerica, MA) that em-
ploys high intensity laser light and high-speed optical scanning to 
monitor real time binding of antibodies against SARS-CoV-2 RBD and 
Spike of Beta-HCoVs from patient serum. Polyhistidine-tagged SARS- 
CoV-2 RBD and Spike of Beta-HCoVs OC43 and HKU1 were captured and 
immobilized onto a sensor chip, and sera diluted 1:10 in dilution buffer 
(3 mM HEPES buffered saline with EDTA, 0,05% P-20, 0.2 mg/mL BSA) 
was sequentially injected over the sensor surface, with binding events 
recorded as a function of time to generate a “sensorgram”. Mass changes 
on the surface of the chip due to antibody binding were translated into 
response units (RUs), with 1 RU equivalent to 1 pg/mL of bound anti-
body. Antibody responses were compared to a positivity cut-off defined 
as the mean value plus 3 standard deviations of five pre-pandemic 
healthy control sera run on each assay, and S1 RBD values above 10 
RU were considered positive. 

Abbreviations 

HC Health Canada 
BCCDC PHL British Columbia Centre for Disease Control Public 

Health Laboratory 
MSD Meso Scale Diagnostics 
PCR Polymerase chain reaction 
SPRi Surface plasmon resonance imaging 
S Spike 
NC Nucleocapsid 
RBD Receptor binding domain  
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2.5. Statistical analysis 

All analyses were conducted in R version 4.0.3 and RStudio Desktop 
version 1.3.1093. Calculations of diagnostic sensitivity, specificity, 
positive predictive value (PPV) and negative predictive value (NPV) 
alongside corresponding 95% confidence intervals constructed using the 
Wilson score method were performed by the meta package version 
4.18.0. Cohen’s kappa coefficient was used to assess inter-test reliability, 
and was calculated by the fmsb package version 0.7.0. Overlapping 95% 
confidence intervals were deemed statistically significant. Plots were 
generated using ggplot2 package version 3.3.2 and ggpubr package 
version 0.4.0.999. Comparisons between serology status in the assess-
ment of endemic data were performed by Wilcoxon rank sum test with 
p<0.05 considered significant. 

3. Results 

3.1. Determination of MSD assay sensitivity and specificity for individual 
SARS-CoV-2 antigens 

To determine the clinical sensitivity, specificity, PPV, and NPV of the 
MSD assay, we analyzed the results of the 117 serum specimens with 
defined categories from the original panel of 135. The 18 sera with no 
assigned category were excluded from this analysis. 

Diagnostic performance is shown for both MSD’s individual antigen 
targets and the three HC-approved chemiluminescent assays for clinical 
diagnosis in Table 1. SARS-CoV-2 antigens RBD, S, and NC on the MSD 
assay were able to detect the presence of anti-SARS-CoV-2 IgG with 
100% clinical sensitivity and clinical specificities of > 94%. To note, no 
statistically significant differences were seen in IgG detection between 
the targets on MSD’s panel and when compared to HC-approved 
chemiluminescent assays across all parameters. Based on serology 

Fig. 1. Schematic of the interpretive algorithm used for classification. This algorithm aims to classify negatives from recent positive cases (Recent) and vaccine- 
induced/waned post-infection, or “remote”, responses (Vaccine/Remote) using three protein targets (Receptor binding domain (RBD), Spike, Nucleocapsid) on Meso 
Scale Diagnostics’ Coronavirus Panel 2. 

Table 1 
Diagnostic performance for each described assay using the 117 serum specimens from the validation panel.   

Presumed Positive (n = 31) Presumed Negative (n = 86)   
Assay Target Positive Negative Sensitivity% (95% CI) Positive Negative Specificity% (95% CI) PPV% (95% CI) NPV% (95% CI) 

MSD RBD 31 0 100 (89.0–100) 5 81 94.2 (87.1–97.5) 86.1 (71.3–93.9) 100 (95.7–100) 
MSD Spike 31 0 100 (89.0–100) 0 86 100 (95.7–100) 100 (89.0–100) 100 (95.7–100) 
MSD NC 31 0 100 (89.0–100) 1 85 98.8 (93.7–99.8) 96.9 (84.3–100) 100 (95.7–100) 
Siemens Ta 31 0 100 (89.0–100) 0 86 100 (95.7–100) 100 (89.0–100) 100 (95.7–100) 
Abbott IgGb 31 0 100 (89.0–100) 0 86 100 (95.7–100) 100 (89.0–100) 100 (95.7–100) 
Ortho Tc 31 0 100 (89.0–100) 2 84 97.7 (91.9–99.4) 93.9 (80.4–98.3) 100 (95.7–100)  

a ADVIA Centaur XP SARS-CoV-2 Total Antibody (Siemens, USA); target epitope: recombinant RBD of Spike protein. 
b ARCHITECT SARS-CoV-2 IgG (Abbott IgG; Abbott, USA); target epitope: recombinant NC protein. 
c VITROS Anti-SARS-CoV-2 Total Antibody (Ortho Clinical Diagnostics, USA); target epitope: recombinant S1 of Spike protein. 
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controls run in duplicate alongside the panel, inter-assay variation for 
NC and S was found to be between 6 to 15% while RBD ranged from 24 
to 30% (Supplementary Table 1). 

3.2. Sensitivity and specificity of assay testing algorithm 

While currently approved vaccines are predominantly designed 
against Spike [7–10], the absence of anti-NC in the presence of 
anti-Spike/RBD antibodies does not definitively arise in a 
post-vaccination setting, as anti-NC IgG is known to wane faster than 
anti-Spike/RBD IgG [11–13]. Thus, we sought to design an algorithm 
able to differentiate between a recent positive response (“Recent”) from 
a vaccine-induced/remote-infection response (“Vaccine/Remote”) 
based on positivity in anti-Spike/RBD and anti-NC antibodies as 
described in Fig. 1. 

We assessed the performance of the algorithm in SARS-CoV-2 diag-
nosis using the same 117 serum specimens as before with results sum-
marized in Table 2. To note, all serum was collected prior to the start of 
immunization programs in Canada from patients diagnosed with SARS- 
CoV-2 infection within three months pre-collection, with no anticipated 
waning in humoral response. Thus, only “Recent” was defined as posi-
tive for the purpose of assessing the diagnostic performance of the 
algorithm. 

We then included the 18 samples with no assigned category into the 
analysis to compare the agreement between our proposed algorithm 
with the BCCDC PHL’s serological testing algorithm (Supplementary 
Figure 1). We found no significant difference in percent agreement be-
tween the two, with an observed agreement of 96.3% (130/135), and a 
Cohen’s kappa of 0.926 (95% CI: 0.854–997) indicating almost perfect 
agreement. 

3.3. Comparison of MSD V-PLEX coronavirus panel 2 performance 
against SPRi 

We then compared the SARS-CoV-2 diagnostic agreement between 
MSD (SARS-CoV-2 antigen targets S1 RBD, NC, and S) and SPRi (RBD) 
using the full panel of 135 specimens (Table 3). Positivity was based 
upon manufacturer-set cut-offs as described in the Methods, and 
observed percent agreement and Cohen’s kappa coefficient were 
calculated based on agreement between test interpretations. 

MSD’s diagnosis by Spike and NC both exhibited almost perfect 
agreement with SPRi’s RBD (κ = 0.895 and κ = 0.878, respectively), 
though only substantial agreement was seen when comparing MSD RBD 
to SPRi RBD (κ = 0.798). However, no significant difference in agree-
ment was observed between all three of MSD’s SARS-CoV-2 antigens and 
SPRi, with overlapping 95% confidence intervals across all 
measurements. 

3.4. Endemic coronavirus assay performance 

The clinical course of endemic HCoV infection is relatively short and 
self-resolving, and there also exists no current gold standard to discern 
true positives from true negatives. Furthermore, due to the endemic 
nature of HCoVs, it is estimated that all individuals 6 years or older 
would have acquired immunity against one of the four endemic HCoVs 
[14,15], making it difficult to validate an assay’s ability to discern true 
positives from true negatives with sufficient sample sizes. Thus, we 
validated the detection of anti-HCoV IgG on the MSD assay by 
comparing the results to literature and against SPRi, which can detect 

antibodies against Beta-HCoVs OC43 and HKU1. 
The 117 serum specimens with defined SARS-CoV-2 categories were 

used for this analysis, and similar distributions were observed across 
SPRi and MSD when stratified by COVID-19 status (Fig. 2A, B). Signif-
icantly higher anti-Beta-HCoV antibody levels were seen in COVID-19 
positive serum samples compared to COVID-19 negative serum sam-
ples across both platforms (p < 0.0001), a trend which has also been 
previously described in literature [4,16]. Of note, one SARS-CoV-2 
negative case came from a 4-year-old individual. 

We also assessed the reliability of the MSD assay in the quantification 
of anti-Alpha-HCoVs NL63 and 229E, two other HCoVs in the Alpha-
coronavirus genus that can cause the common cold. While elevated titres 
have been reported in the Beta-HCoVs, studies have noted no significant 
difference in antibody titres against HCoV-NL63 and HCoV-229E when 
stratified by COVID-19 status [4,17]. Concordant with these findings, 
we did not detect a significant difference in serum IgG when stratified by 
COVID-19 status on the MSD assay (Fig. 2C). 

4. Discussion 

Serosurveillance is critical in understanding the prevalence of 
COVID-19 to inform public health measures to help stop the spread of 
infection. While previous studies have evaluated the MSD assay’s SARS- 
CoV-2 diagnostic performance [18] and have tested its reactivity with 
HCoVs [19], there has yet to be literature validating the performance 
and reproducibility of the assay by comparison against other platforms. 
Here, we have demonstrated the reliability of MSD’s V-PLEX Corona-
virus Panel 2 in the detection of coronavirus antibodies by comparing its 
quantified readings against COVID-19 status, HC-authorized serological 
immunoassays, and SPRi. 

We report diagnostic sensitivities and specificities greater than 94%, 
with no significant difference in performance observed between the V- 
PLEX Panel 2 and current clinically-approved chemiluminescent im-
munoassays when assessing by protein target or by algorithm, making it 
well suited for use in both individual diagnoses and population seros-
urveillance. Almost perfect agreement was also seen between SPRi RBD 
and MSD’s NC and Spike, though the agreement dropped to substantial 
agreement when compared against MSD’s RBD. This may have been due 
to favoring clinical sensitivity over specificity in both individual target 
cut-off and algorithm generation, with three of the five false positives 
close to the cut-off value of 538 AU/mL (545.7705 AU/mL, 578.6048 
AU/mL, and 581.2465 AU/mL). Alternatively, RBD demonstrated an 
average inter-assay CV of 26.56% using serological controls and an 
average inter-assay CV of 17.28% using human serum within the range 
of 500–600 AU/mL, and it may have been fluctuations in assay perfor-
mance that resulted in the misinterpretation. Nonetheless, no significant 
difference in performance was observed across the assays, with over-
lapping 95% confidence intervals between all comparisons. 

Consistent with reported observations of elevated Beta-HCoV anti-
bodies in SARS-CoV-2 infection [1–3], we found significantly higher 
Beta-HCoV titres in positive cases when compared to negative cases on 
both the MSD assay and SPRi. By validating MSD’s panel’s simultaneous 
quantification of anti-SARS-CoV-2 and anti-Beta-HCoVs, we have 
ascertained a suitable tool that can be used to investigate the possible 
correlations between COVID-19 disease severity and immune responses 
against the seasonal HCoVs. 

A limitation in our study is the inability to validate the quantitative 
signals of anti-HCoV IgG due to the high prevalence of immune re-
sponses in the population. While we were able to compare MSD’s panel’s 

Table 2 
Diagnostic performance of the proposed algorithm for the MSD assay’s SARS-CoV-2 antigens.  

Presumed Positive (n = 31) Presumed Negative (n = 86)   
Positive Negative Sensitivity% (95% CI) Positive Negative Specificity% (95% CI) PPV% (95% CI) NPV% (95% CI) 

31 0 100 (88.9–100) 1 85 98.8 (93.7–100) 96.9 (83.8–99.9) 100 (95.8–100)  
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measurements against SPRi to allow for an additional level of validation, 
SPRi’s platform pooled together equimolar HCoV-OC43 S and HCoV- 
HKU1 S to generate one combined signal, limiting our comparison to 
the genus level only. To validate at the virus species level, an SPRi panel 
with individual spots for each virus to generate independent signals 
should be utilized. 

With vaccine rollout ramping up worldwide, seroprevalence of anti- 
SARS-CoV-2 S is expected to increase. As many of the vaccines generate 
immunity via Spike, NC may serve as a marker for natural infection. 
Here, we have proposed an interpretive algorithm using MSD’s V-PLEX 
Coronavirus Panel 2 that can be used to differentiate recent infection 
responses from post-vaccination/remote infection responses, providing 
a valuable tool for serosurveillance studies. 

MSD’s platform allows for highly sensitive and specific detection of 
anti-SARS-CoV-2 IgG, and its performance at the algorithm and indi-
vidual protein target levels is comparable to Health Canada-approved 
immunoassays in clinical use. MSD’s V-PLEX Coronavirus Panel 2 is 
capable of accurate detection of anti-HCoVs and anti-SARS-CoV-2 IgG, 
thereby providing an invaluable tool in investigations of cross-reactivity 
and the contributions of pre-existing immune memory against the 
common cold HCoVs to COVID-19 infection or vaccination. 
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Fig. 2. Assay signals for antibodies against Spike of HCoVs in 117 serum specimens stratified by COVID-19 status. (A) The MSD assay’s determined concentrations 
(AU/mL) for anti-HKU1-S IgG and anti-OC43-S. (B) Relative signal (RU) for both anti-HKU1-S and anti-OC43-S for SPRi. C) The MSD assay’s determined concen-
trations (AU/L) for anti-229E-S IgG and anti-NL63-S IgG. Boldfaced line indicates the median of the distribution, with ends of the box representing the first and third 
quantiles of the distribution. Comparisons between serology status had p < 0.0001 by Wilcoxon rank-sum test. 

Table 3 
Observed percent agreement (%; number of samples in agreement) and Cohen’s 
kappa coefficient (κ; 95% CI) between the listed assays in the study’s 135 
samples.  

Assay MSD Spike MSD NC SPRi RBD 

MSD 
RBD 

94.1 (127) 96.3 (130) 91.1 (123) 
κ=0.860 
(0.766–0.954) 

κ=0.913 
(0.838–0.988) 

κ =0.798 
(0.688–0.907) 

MSD 
Spike  

97.8 (132) 95.6 (129)  
κ=0.945 (0.885–1) κ=0.895 

(0.813–0.977) 
MSD NC   94.8 (128)   

κ=0.878 
(0.791–0.966)  
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