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ABSTRACT

Objectives:  To evaluate the analytical and clinical 
performance of the automated Elecsys anti–severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
antibody (Elecsys Ab) assay on the Roche cobas e602 
analyzer. With the ongoing global coronavirus disease 2019 
(COVID-19) pandemic, widespread and routine serologic 
testing of SARS-CoV-2 remains a pressing need. To better 
understand its epidemiologic spread and to support policies 
aimed at curtailing further infections, reliable serologic 
testing is crucial for providing insight into the dynamics of 
the spread of COVID-19 on a population level.

Methods:  The presence of anti–SARS-CoV-2 antibodies 
in polymerase chain reaction–positive, confirmed COVID-
19 patient samples was determined using the Elecsys Ab 
assay on the Roche cobas e602 analyzer. The precision and 
cross-reactivity of the Elecsys Ab assay were characterized 
and its performance was compared against the EuroImmun 
IgA/IgG antibody (EuroImmun Ab) assay. Calculated 
sensitivity, specificity, and positive and negative predictive 
values were assessed.

Results:  The Elecsys Ab assay demonstrated good 
precision, had no cross-reactivity with other viral samples, 
and showed 100% concordance with the EuroImmun Ab 
assay. Excellent clinical performance with respect to 
sensitivity, specificity, and positive and negative predictive 
values was observed.

Conclusions:  The Elecsys Ab assay is a precise and highly 
reliable automated platform for clinical detection of 
seropositivity in SARS-CoV-2 infection.

We are in the midst of a global coronavirus disease 
2019 (COVID-19) pandemic caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), a novel 
coronavirus that emerged from Wuhan, China, in late 
2019.1-4 The virus has spread rapidly around the globe, 
but its pattern of spread within and between nations has 
been divergent, relating partly to varied public health pol-
icies and societal responses.5-8 Testing capabilities and 
capacities have also been seriously challenged during this 
pandemic, resulting in inadequacies in many parts of the 
world and ultimately in the collective effort to accurately 
characterize the epidemiologic spread of SARS-CoV-2 
both at local levels and on a global scale.9,10

Given that the virus consists of an RNA genome, 
initial testing for SARS-CoV-2 infection is based on re-
verse transcription quantitative polymerase chain reac-
tion (RT-qPCR) for direct detection.11 RT-qPCR remains 
the gold standard diagnostic test, although questions re-
main concerning the persistence of viral genetic material 
postinfection or in asymptomatic carriers.12,13 However, 
due to consumable and reagent supply shortages that 
are required to perform SARS-CoV-2 direct detection 
methods, there have been considerable limitations to 
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Key Points

•	 The Elecsys Ab assay is a highly precise and reliable immunoassay 
platform.

•	 The clinical performance of the Elecsys Ab assay compares well against 
that of the EuroImmun IgA/IgG Ab assay.

•	 Ninety-five percent sensitivity, 100% specificity, and greater than 99% 
positive and negative predictive values were achieved in our study 
population and samples.
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conducting widespread testing. As such, there have been 
significant recent efforts to develop serologic assays for 
clinical detection of SARS-CoV-2 using patient serum 
samples.14-16 In addition, serologic testing provides imper-
ative epidemiologic data for surveilling populational se-
roprevalence and a means to assess antiviral activity and 
clinical efficacy of neutralization by convalescent plasma.

Compared with direct detection methods, serologic 
assays provide a means and an added advantage to as-
sess the exposure history of an individual, as well as en-
tire populations, to help guide public health policies.17 
Seroconversion for immunoglobulin M (IgM), immuno-
globulin G (IgG), and total antibodies against SARS-
CoV-2 has been observed to occur several weeks after 
infection and peaking after 2 to 3 weeks, 3 to 6 weeks, and 
2 to 3 weeks, respectively.18-21 However, given that there 
is significant observed variability in both IgM and IgG 
levels, most serologic assays are designed to detect both 
IgM and IgG simultaneously.22 The formation of neutral-
izing antibodies remains an active area of research.23-26

In this study, the qualitative Elecsys Ab assay (Roche 
Diagnostics) was evaluated analytically and clinically 
as a practical modality for widespread and routine sero-
logic testing. The immunoassay is an automated assay 
based on recombinant nucleocapsid protein technology 
for the detection of SARS-CoV-2 seropositivity. Here we 
report that the Elecsys Ab assay performs reliably and 
consistently with both RT-qPCR and the EuroImmun im-
munoglobulin A  (IgA)/IgG antibody (EuroImmun Ab) 
assay  (PerkinElmer) with high precision. Moreover, 95% 
sensitivity, 100% specificity, and greater than 99% positive 
and negative predictive values were achieved in our study 
population and samples.

Materials and Methods

Patient Samples

Leftover heparinized plasma and serum samples 
from admitted PCR-positive, confirmed COVID-19 pa-
tients who had routine metabolic profiles and serologies 
ordered for clinical care were retrieved from the Clinical 
Chemistry and Immunology Laboratories for this eval-
uation. For longer-term storage, samples were frozen at 
–25°C until ready for use. Samples were collected under a 
quality assurance protocol that qualifies for institutional 
review board waiver, as no patient identifiers were used.

Analyzer Systems

The Elecsys Ab is an automated sandwich, double-
antigen electrochemiluminescent immunoassay that 

employs recombinant protein representing the nucleo-
capsid antigen of the virus. This Ab assay has recently 
received emergency use authorization from the US Food 
and Drug Administration (FDA EUA) for the detection 
of total antibodies (IgG, IgM, and IgA) in COVID-19–
infected patients.27 At our institution, this immunoassay 
is installed on the Roche cobas e602 module component 
of the cobas 8000 total automation system. This assay 
employs a cutoff  index (COI) that is mathematically de-
rived from the calibration using two standards—a COI 
of 1.0 or more is considered reactive (REACT)/posi-
tive, while a COI less than 1.0 is reported as nonreactive 
(NONREACT)/negative. The EuroImmun Ab assay is 
an enzyme-linked immunosorbent assay (ELISA) that is 
also authorized by the FDA (via EUA) for the detection 
of IgA and IgG Ab developed against the SARS-CoV-2 
virus and has been previously described.28

Precision Study With Pooled Plasma

A positive antibody pool, approximately 20  mL, 
was prepared by combining leftover antibody-positive 
plasma samples with a COI value of approximately 2.0 
to 3.0. Similarly, a negative antibody pool, approximately 
20 mL, was prepared by diluting a positive antibody pool 
with Elecsys universal diluent to yield a COI of approxi-
mately 0.4 to 0.5. Aliquots of 0.25 mL were prepared from 
each pool and frozen at –25°C for longer-term storage. 
A within-run precision study was performed by assaying 
each pool 20 times. Between-day precision study was per-
formed by thawing out each respective aliquot to room 
temperature and running over 38 days. The mean and SD 
were calculated for each pool, and coefficient of variation 
(CV) was determined as CV (%) = (SD × 100)/mean.

Method Comparison Study

A total of 66 RT-qPCR–confirmed, archived serum 
samples from the validation studies for the EuroImmun 
Ab assay28 were used for the method comparison study 
with the Elecsys Ab assay. Analysis of concordance was 
performed using the Microsoft Excel software.

Cross-Reactivity Studies

In total, 25 samples from patients with PCR-
positive non–SARS-CoV-2 respiratory infections (via 
the BioFire FilmArray Respiratory Panel 2), 20 human 
immunodeficiency virus (HIV)–positive samples, 15 
hepatitis B surface antigen (HepBS) Ab-positive sam-
ples, and 17 hepatitis C virus (HCV) Ab-positive sam-
ples were analyzed on the Elecsys Ab assay to assess the 
extent of  cross-reactivity.
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Clinical Performance Study

A total of 78 PCR-confirmed (Roche SARS-CoV-2 
qualitative PCR assay) positive samples from COVID-19 
patients that were collected either 0 to 13 days (40 sam-
ples) or 14 or more days (38 samples) after initial PCR 
positivity and 53 prepandemic samples (41 from a refer-
ence range study prior to 2018 and 12 from a banked res-
piratory viral panel from early 2019)  were retrieved for 
assessment of clinical performance studies. Calculations 
of sensitivity, specificity, and positive and negative pre-
dictive values were performed using the SciStat software 
(https://www.scistat.com/statisticaltests/diagnostic_test.
php), assuming a 5% prevalence.29

Results

Precision Studies

Readouts of the automated Elecsys Ab assay per-
formed on the Roche cobas e602 analyzer are resulted as 
either positive or negative based on a COI of 1.0 or more 
or less than 1.0, respectively, thereby rendering the assay 
a binary, qualitative analysis. To evaluate the within-run 
precision of the Elecsys Ab assay, both a positive and a 
negative control sample were run consecutively (n  =  20 
replicates), yielding mean COI values of 2.47 (CV of 
0.8%) and 0.49 (CV of 1.5%), respectively. The between-
day precision analysis was repeated over 38 subsequent 
days (n = 60 replicates), showing a mean COI of 3.97 (CV 
of 2.9%) for the positive pool and a mean COI of 0.36 
(CV of 2.4%) for the negative pool, respectively ❚Table 1❚.

Comparison Between the Elecsys and Euroimmun 
Ab Assays

The performance of the Elecsys Ab assay was com-
pared with that of the Euroimmun Ab assay, a well-es-
tablished and broadly used test for direct detection of 
antibodies against SARS-CoV-2,28 for 66 patient sam-
ples ❚Figure 1❚. All 40 samples that were reactive by the 

Euroimmun Ab (36 were positive for both IgA and IgG, 
whereas 4 were positive for only IgG) assay yielded COI 
values of 1.0 or more using the Elecsys Ab assay. Similarly, 
all 26 samples that were nonreactive by the Euroimmun 
Ab assay yielded COI values less than 1.0. Of note, there 
was significantly greater variation in the measured COI 
values (range, 1.59-155) for the positive Elecsys Ab assay 
samples than what was observed for the negative samples 
(COI range, 0.09-0.20). The overall concordance rate be-
tween the two assays was 100%.

Specificity of the Elecsys Ab Assay

The specificity of the Elecsys Ab assay for SARS-
CoV-2 was examined by testing for cross-reactivity 
against samples from patients who tested positive for 
non–SARS-CoV-2 respiratory and other viruses such as 
HIV, HBV, and HCV. A  total of 25 non–SARS-CoV-2 
respiratory viral samples, including several common 
strains of other coronaviruses (HKU1, OC43, NL63, 
and 229E), were tested using the Elecsys Ab assay, which 
consistently yielded a COI of less than 1.0 and thus zero 
cross-reactivity ❚Table  2❚. Similarly, testing of 20 HIV 
serology-positive, 15 HepBS Ab-positive, and 17 HCV 
Ab-positive samples on the Elecsys Ab assay also dem-
onstrated zero cross-reactivity, although several samples 

❚Table 1❚ 
Precision Study of the Elecsys Anti–SARS-CoV-2 Antibody 
Assaya

SARS-CoV-2 Controls

Within-Run Between-Run

Mean COI CV, % No. Mean COI CV, % No.

Negative pool 0.49 1.3 20 0.36 2.4 60
Positive pool 2.47 0.8 20 3.97 2.9 60

COI, cutoff  index; CV, coefficient of variation; SARS-CoV-2, severe acute respi-
ratory syndrome coronavirus 2.
aA positive antibody result is defined by a COI of 1.0 or more, whereas the CV 
(%) = (SD/mean) × 100. Two different sets of negative and positive pools were 
used for within-run and between-run studies respectively.

❚Figure 1❚  Method comparison of the EuroImmun vs 
Elecsys anti–severe acute respiratory syndrome coronavirus 
2 antibody (Ab) assays. A total of 66 polymerase chain reac-
tion (PCR)–confirmed patient samples were compared, re-
sulting in zero discrepancies and an overall concordance rate 
of 100%. Reactive (+) and nonreactive (–) Elecsys Ab assay 
results are defined by a cutoff index (COI) of 1.0 or more 
or less than 1.0, respectively. Of the 40 (+) EuroImmun Ab 
assay samples, 36 were positive for both immunoglobulin 
A (IgA) and immunoglobulin G (IgG) and 4 were positive for 
only IgG. All 20 (–) EuroImmun Ab assay samples were neg-
ative for both IgA and IgG.

https://www.scistat.com/statisticaltests/diagnostic_test.php﻿
https://www.scistat.com/statisticaltests/diagnostic_test.php﻿
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did yield relatively higher COI values while less than 1.0 
❚Figure 2❚. Therefore, the Elecsys Ab assay demonstrates 
high specificity for qualitative detection of anti–SARS-
CoV-2 antibodies.

Clinical Performance of the Elecsys Ab Assay

As shown in ❚Table  3❚ and ❚Table  4❚, the overall 
clinical performance of  the Elecsys Ab assay was ex-
cellent and is consistent with recently reported data30,31 
and manufacturer specifications.27,29 Based on our 
study data, we determined that the Elecsys Ab assay 
showed a sensitivity of  77.50% (95% confidence in-
terval [CI], 61.55%-89.16%) for samples collected 0 to 
13 days after PCR positivity and a sensitivity of  94.74% 
(95% CI, 82.25%-99.36%) for samples collected 14 or 
more days after PCR positivity. The specificity of  the 
assay was 100% (95% CI, 93.28%-100%), based on 53 
prepandemic samples. Assuming a 5.0% disease preva-
lence (consistent with the prevalence the FDA assumes 
in its review of  serology test performance for EUA), the 
calculated positive predictive value (PPV) is 100% and 
the negative predictive value (NPV) is 98.83% (95% CI, 
97.94%-99.34%) with an overall accuracy of  98.88% 
(95% CI, 94.07%-99.97%) for samples collected 0 to 
13 days and 99.72% (95% CI, 98.94%-99.93%) with an 
overall accuracy of  99.74% (95% CI, 95.51%-100%) for 
samples collected 14 or more days after PCR positivity, 
respectively (Tables 3 and 4). For comparison, ❚Table 5❚ 
shows the calculated PPV, NPV, and accuracy at 3%, 
5%, and 10% prevalence, respectively. Overall, the test 
showed high clinical performance at these various as-
sumed prevalence percentages.

Discussion

Reliable and robust diagnostic platforms remain 
a pressing need in the ongoing COVID-19 pandemic 
caused by SARS-CoV-2.32 Although RT-qPCR remains 
the gold-standard diagnostic test for active infection, se-
rology assays have become increasingly available, particu-
larly through FDA EUA, for clinical use to help improve 

❚Table 2❚ 
Cross-Reactivity of Non–SARS-CoV-2 Respiratory Virusesa

Sample Description

Elecsys Ab

COI Result

1 HKU1 CV 0.10 NONREACT
2 HKU1 CV 0.09 NONREACT
3 HKU1 CV 0.09 NONREACT
4 HKU1 CV 0.10 NONREACT
5 HKU1 CV + RSV 0.10 NONREACT
6 NL63 CV 0.09 NONREACT
7 NL63 CV 0.09 NONREACT
8 NL63 CV 0.09 NONREACT
9 NL63 CV 0.09 NONREACT
10 NL63 CV 0.10 NONREACT
11 NL63 CV 0.09 NONREACT
12 NL63 CV 0.09 NONREACT
13 OC43 CV 0.10 NONREACT
14 OC43 CV 0.09 NONREACT
15 OC43 CV 0.10 NONREACT
16 OC43 CV 0.10 NONREACT
17 OC43 CV 0.09 NONREACT
18 OC43 CV 0.10 NONREACT
19 OC43 CV 0.10 NONREACT
20 OC43 CV 0.09 NONREACT
21 229E CV 0.09 NONREACT
22 229E CV 0.10 NONREACT
23 OC43 CV + 229E CV 0.11 NONREACT
24 Rhinovirus 0.20 NONREACT
25 Rhinovirus 0.11 NONREACT

COI, cutoff  index; CV, coronavirus; NONREACT, nonreactive; RSV, respiratory 
syncytial virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
aZero cross-reactivity was observed with 25 samples from patients positive for 
non–SARS-CoV-2 respiratory viruses. HKU1, OC43, NL63, and 229E are 
common strains of other coronaviruses.

A B C

❚Figure 2❚  Cross-reactivity with other viral positive samples. A total of 20 human immunodeficiency virus (HIV) (A), 15 hep-
atitis B surface antigen (HepBS) (B), and 17 hepatitis C (HCV) (C) antibody (Ab)–positive samples were assayed. Reactive (+) 
and nonreactive (–) Elecsys Ab assay results are defined by a cutoff index (COI) of 1.0 or more or less than 1.0, respectively.
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our understanding and tracking of both the natural im-
mune response against SARS-CoV-2 and the epidemio-
logic spread of the virus on populational levels. As with 
all clinical assays, thorough validation of any novel di-
agnostic test by the clinical laboratory is critical prior to 
widespread or routine implementation of the test.

In late February 2020, after the onset of the ongoing 
COVID-19 pandemic, the FDA permitted immunoassay 
manufacturers to offer SARS-CoV-2 Ab kits prior to re-
ceiving EUA to mitigate the testing capability deficits in 
the United States at the time.33 However, this decision by 

the FDA ultimately led to the availability and utilization 
of several substandard Ab kits for COVID-19 surveil-
lance, resulting in a higher incidence of false-positive Ab 
results and therefore a sense of unreliability. The FDA 
has since revised its policy34,35 to require manufacturers 
to seek EUA prior to marketing and distributing sero-
logic tests and, as part of its efforts to tighten the quality 
of available Ab kits, stipulated that these serologic test 
characteristics ought to be sufficiently high and made 
publicly available. To date, 33 serologic tests (vs 19 in mid-
June 2020), including the Elecsys Ab assay, have received 
EUA.29

Current RT-qPCR tests for active infection employ 
direct detection of viral genetic material, whereas sero-
logic testing reveals a subject’s immune response toward 
the presence of an antigen. As such, serologic testing is 
not the preferred method for diagnosing COVID-19, and 
their routine use must also account for immunosuppres-
sive states and antibody-level variations related to disease 
course and severity.36 On the other hand, serologic tests 
remain an invaluable diagnostic modality in that they pro-
vide still much-needed insight into the adaptive immune 
response against SARS-CoV-2, the exposure history of an 
individual, transmission patterns, and potential donors 
of convalescent plasma. Furthermore, as we combat the 
ongoing COVID-19 pandemic, the true prevalence of Ab 
positivity against SARS-CoV-2 remains unknown in the 
US population.

In this study, we analytically and clinically evaluated 
the qualitative, automated Elecsys Ab assay and report 
that it performs reliably, precisely, and consistently with 
both RT-qPCR and the EuroImmun Ab assay, with cal-
culated 95% sensitivity, 100% specificity, and positive and 
negative predictive values approaching 100% for samples 
obtained 14 or more days after PCR positivity, consistent 
with manufacturer specifications.27,29 There were two 
PCR-positive, confirmed COVID-19 cases that showed 
negative Ab results due to the patients being in a clinically 
immunocompromised state. Thus, a negative Ab result 
in a COVID-19 patient could be due to blood drawn too 

❚Table 3❚ 
Clinical Performance of the Elecsys Anti-SARS-CoV-2 
Antibody Assaya

Test

Prepandemic
PCR Positive 
0-13 Days

PCR Positive 
≥14 Days

No Disease, No. Disease, No. Disease, No.

Elecsys Ab positive 0 31 36
Elecsys Ab negative 53 9 2
Total 53 40 38

PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syn-
drome coronavirus 2.
aFifty-three prepandemic samples were collected from a normal range study on 
41 volunteers from prior to 2019 and 12 respiratory viral samples from the early 
part of 2019.

❚Table 4❚ 
Clinical Performance Test Characteristics of the Elecsys Anti-
SARS-CoV-2 Antibody Assaya

Performance Measure

Estimate of Performance (95% CI), %

PCR Positive 
0-13 Days

PCR Positive  
≥14 Days

Sensitivity 77.50 (61.55-89.16) 94.74 (82.25-99.36)
Specificity 100 (93.28-100) 100 (93.28-100)
Prevalence 5 5
Positive predictive value 100 100
Negative predictive value 98.83 (97.94-99.34) 99.72 (98.94-99.93)
Accuracy 98.88 (94.07-99.97) 99.74 (95.51-100)

CI, confidence interval; PCR, polymerase chain reaction.
aA prevalence of 5% was used for calculating positive and negative predictive 
values, consistent with the prevalence the US Food and Drug Administration as-
sumes in its review of serology test performance for emergency use authorization.

❚Table 5❚ 
Comparison of Clinical Performance of the Elecsys Anti–SARS-CoV-2 Antibody Assay Assuming 3%, 5%, or 10% Disease 
Prevalence

PCR Positive

3% 5% 10%

0-13 Days, % ≥14 Days, % 0-13 Days, % ≥14 Days, % 0-13 Days, % ≥14 Days, %

Sensitivity 77.50 94.74 77.50 94.74 77.50 94.74
Specificity 100 100 100 100 100 100
Positive predictive value 100 100 100 100 100 100
Negative predictive value 99.31 99.84 98.83 99.72 97.56 99.42
Accuracy 99.33 99.84 98.88 99.74 97.75 99.47

PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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early after infection or compromised immunity (eg, in pa-
tients on immunosuppressive regimen or newborns with 
an immature immune system).

Our studies demonstrate that the Elecsys Ab assay is 
a robust serologic diagnostic platform and is consistent 
with initial estimates of its performance measures.29 
Importantly, our work provides independent external val-
idation data in a major teaching hospital laboratory set-
ting in the United States and therefore expands on recent 
studies addressing the clinical performance of the Elecsys 
Ab assay.30,31 Furthermore, whereas these other studies30,31 
focused primarily on the relationship between the number 
of days after symptom onset vs the sensitivity of the 
Elecsys Ab assay, we provide additional data that spe-
cifically address the precision and cross-reactivity of the 
immunoassay when performed on the Roche cobas e602 
analyzer.

Corresponding author: Kiang-Teck J. Yeo, PhD; jyeo@bsd.
uchicago.edu.
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