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Background: Although serological severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) tests from several manufacturers
have been introduced in South Korea and some are commercially available, the performance of these test kits has not yet been suffi-
ciently validated. Therefore, we compared the performance of Elecsys Anti-SARS-CoV-2 (ACOV2) and Anti-SARS-CoV-2 S (ACOV2S) and
Atellica IM SARS-CoV-2 Total (COV2T) and SARS-CoV-2 IgG (sCOVG) serological tests in this study.

Methods: A total of 186 patient samples were used. For each test, we analyzed the positive rate of serological antibody tests, preci-
sion, linearity, and agreement among the four assays.

Results: The positive rates of COV2T, sCOVG, and ACOV2S were high (81.7%-89.2%) in total, with those for ACOV2S being the high-
est, while those of ACOV2 were as low as 44.6%. This may be related to the high completion rate of vaccination in Korea. The repeat-
ability and within-laboratory coefficients of variation were within the claimed allowable imprecision; however, further research is need-
ed to establish an allowable imprecision at low concentrations. COV2T showed a linear fit, whereas sCOVG and ACOV2S were appro-
priately modeled with a nonlinear fit. Good agreement was found among COV2T, sCOVG, and ACOV2S; however, the agreement be-
tween ACOV2 and any one of the other methods was poor.

Conclusions: Considering the different antigens used in serological SARS-CoV-2 antibody assays, the performance of the tested as-
says is thought to show no significant difference for the qualitative detection of antibodies to SARS-CoV-2.
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Introduction December 2019 [1,2]. The manifestations of SARS-CoV-2
infection can be various, spanning from an asymptomatic

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)  status to lethal complications [3,4]. As COVID-19 has been

has been in the spotlight as the causative agent of corona-  declared a global pandemic and spreads rapidly, accurate

virus disease 2019 (COVID-19) since pneumonia patients  diagnosis is very important to control the pandemic.

were confirmed to be infected with a novel coronavirus in Although a variety of laboratory tests are used for a dif-
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Comparison of SARS-CoV-2 serological tests

ferential diagnosis, real-time reverse transcription-PCR
(RT-PCR) has been considered the gold standard to identify
SARS-CoV-2 in clinical practice [5-7]. On the other hand, in
serological testing, such as testing for SARS-CoV-2, antibody
tests have been known to raise heterogeneity issues and
limit identifying SARS-CoV-2 in the early stages of illness [8].
Antibody tests are primarily used to determine if a person
has previously been infected with COVID-19 [9].

SARS-CoV-2 has four main structural proteins; spike
(S), envelope (E), membrane (M), and nucleocapsid (N)
proteins [10]. It has been reported that the S protein binds
to the angiotensin-converting enzyme 2 (ACE2) to enter
the host cell present on the surface of alveolar type II cells
of the lung and epithelial cells of the oral mucosa [11-13].
The S protein has a subunit S1 harboring receptor-binding
domains (RBD) which interacts with ACE2 [14,15]. These
proteins, especially the S and N proteins, have been used
as target antigens for the development of serological SARS-
CoV-2 detection tests [16].

The antigens of Atellica IM SARS-CoV-2 Total (COV2T)
and SARS-CoV-2 Immunoglobulin (Ig) G (sCOVG) antibody
tests (Siemens Healthcare Diagnostics Inc., Tarrytown, NY,
USA) target the S protein, while Elecsys Anti-SARS-CoV-2
(ACOV2) and Anti-SARS-CoV-2 S (ACOV2S) antibody tests
(Roche Diagnostics International, Rotkreuz, Switzerland)
target the N and S proteins, respectively. Although serologi-
cal SARS-CoV-2 tests from several manufacturers have been
introduced in South Korea and some of them are commer-
cially available, the performance of each test kit has not yet
been sufficiently validated.

Therefore, we compared the performance of ACOV2,
ACOV2S, COV2T, and sCOVG serological tests in this study.

Methods

Ethical statements: This study was approved by the Institutional
Review Board of the Kosin University Gospel Hospital and
informed consent was waived (KUGH 2022-03-038).

1. Preparation of patient samples

We collected leftover serum samples from 186 admitted pa-
tients in our hospital. After completing the requested tests
from the inpatient clinics, each sample leftover was divided
into new tubes and given a new code for the analyses.

2. Serological testing of antibodies to SARS-CoV-2

We used ACOV2 (Roche Diagnostics International),
ACOV2S (Roche Diagnostics International), COV2T (Sie-
mens Healthcare Diagnostics Inc.) and sCOVG (Siemens
Healthcare Diagnostics Inc.) for the detection of antibodies
to SARS-CoV-2. The sCOVG and ACOV2S test kits are im-
munoassays for the in vitro quantitative detection of IgG
and total antibodies to SARS-CoV-2 in human serum and
plasma, respectively, while the ACOV?2 test qualitatively de-
tects total antibodies to the SARS-CoV-2. The COV2T test is
for the in vitro qualitative and semi-quantitative detection
of total antibodies, including IgG and IgM antibodies, to
SARS-CoV-2. The COV2T, sCOVG, and ACOV2S assays each
use recombinant proteins representing the RBD of the S an-
tigen in a sandwich assay format. On the other hand, an an-
tibody to the N recombinant protein is used in the ACOV2
assay [16,17].

In this study, the COV2T and sCOVG tests and the ACOV2
and ACOV2S tests were performed on an Atellica IM auto-
mated analyzer (Siemens Healthcare Diagnostics Inc.) and
a Cobas 8000 €801 automated analyzer (Roche Diagnostics
International), respectively.

3. Positive rate of serological tests in enrolled patients
The enrolled patient group was divided into SARS-CoV-2
RT-PCR positive and negative groups. We calculated the
percentage of serological SARS-CoV-2 positive test patients
in two PCR testing groups and in the total patients group.

4. Precision analysis

Precision was determined according to the protocols from
Clinical and Laboratory Standards Institute (CLSI) EP15-A3
[18]. Quality control materials were used in the precision
evaluation. These controls consisted of two concentrations
(low and high). The tests were performed at five runs per
day for 5 days to calculate the repeatability and within-labo-
ratory precision.

5. Linearity analysis

The protocol from CLSI EP06-A was used for linearity anal-
ysis [19]. We prepared two sets of five samples with equally
spaced concentrations for the experiments. High and low
concentrations of serum samples were prepared and they
were mixed proportionally at 0:4, 1:3, 2:2, 3:1, and 4:0. We
randomly measured the concentrations of the samples
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twice. The results were interpreted using the flowchart of
EP06-A, which is based on a polynomial evaluation [19].

6. Agreement evaluation

To analyze the correlation between the assays, we used
Pearson’s correlation coefficients and Passing-Bablok re-
gression for the slope and intercept. Bland-Altman analysis
was performed for the bias (mean difference) and 95% limits
of agreement. Concordance rates and k-values values were
determined for the agreements between the methods based
on the qualitative test results (positive vs. negative). Each
serological SARS-CoV-2 antibody test used its own cutoff
value that was claimed by its manufacturer to interpret the
test results as positive or negative. The cutoffs for ACOV2,
ACOV2S, COV2T, and sCOVG are 0.80 U/mL, 1.0 cutoff index
(COI), 1.00 index, and 1.00 index (U/mL), respectively. When
the measured serological test values were equal to or greater
than the cutoff values, positive tests were reported.

7. Statistical analysis

The precision, linearity, Passing-Bablok regression, and
Bland-Altman analyses were performed using Analyze-it
for Microsoft Excel version 6.01.1 (Analyze-it Software Ltd.,
Leeds, UK). The remaining statistical analyses were per-
formed using SPSS version 25 (IBM Corp., Armonk, NY, USA).
Pearson correlation was used for the correlation between
methods and kappa statistics were used for the agreement
analysis. The k-values are interpreted as follows: 0.00-0.20 for
slight agreement; 0.21-0.40 for fair agreement; 0.41-0.60 for
moderate agreement; 0.61-0.80 for substantial agreement;
and 0.81-1.00 for almost perfect agreement [20]. The differ-
ences were considered statistically significant at a p<0.05.

Results

We prospectively analyzed the serum samples from 186 pa-

tients (66.2+15.2 years, male/female ratio=1.33), including
115 SARS-CoV-2 RT-PCR positive and 71 PCR negative pa-
tients. The 186 tested samples had a sampling date of 5 days
or earlier after PCR testing.

1. Positive rate of serological tests in enrolled patients
The patient group was divided into 115 SARS-CoV-2 pos-
itive PCR and 71 negative PCR groups. The positive rates
of COV2T and ACOV2S were the highest in SARS-CoV-2
RT-PCR positive and negative groups (87.0% and 94.4%, re-
spectively) (Table 1).

ACOV2S showed the highest positive rate (89.2%) in to-
tal, while the positive rates of ACOV2 were the lowest in
SARS-CoV-2 RT-PCR positive and negative groups and in
total (43.5%, 46.5%, and 44.6%, respectively).

2. Precision analysis

The repeatability and within-laboratory precision of COV2T,
sCOVG, ACOV2, and ACOV2S tests are shown in Table 2.
The repeatability and within-laboratory precision of the low
concentration material of COV2T and ACOV2S are not pre-
sented because all values were below the measuring range
(<6.0 U/mL and <0.4 U/mL, respectively). The CVs in the
samples of low and high concentration materials ranged
from 2.4% to 92.2% and from 1.0% to 2.5%, respectively.

3. Linearity analysis

Since ACOV2 is an immunoassay for the in vitro qualitative
detection of antibodies to SARS-CoV-2, linearity analysis
was not performed. The measuring intervals of COV2T,
sCOVG, and ACOV2S were 0.64-73.56 U/mL, 0.53-141.15
U/mL, and 0.46- 174.33 U/mL, respectively. COV2T showed
excellent linearity within each analytical measurement
range (Fig. 1). As analyzed using the flowchart of CLSI
EP06-A, no 2nd or 3rd order polynomial fits were statisti-
cally better than a linear fit at the 5% significance concen-

Table 1. Positive rates of serological tests in SARS-CoV-2 RT-PCR positive and negative patients

Test Result No.

Positive rate of serological test (%)

covat sCOVG ACOV2 ACOV2S
SARS-CoV-2 RT-PCR Positive 15 87.0 79.1 43.5 86.1
Negative 71 90.1 85.9 46.5 944
Total 186 88.2 81.7 44.6 89.2

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR, reverse transcription polymerase chain reaction; COV2T, Atellica IM SARS-CoV-2 Total;
sCOVG, Atellica IM SARS-CoV-2 IgG; ACOV2, Elecsys Anti-SARS-CoV-2; ACOV2S, Elecsys Anti-SARS-CoV-2 S.
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Table 2. Repeatability and within-laboratory precisions of 4 SARS-CoV-2 assays

Repeatability Within-laboratory precision
Test Sample Low High Low High
M D M D M D M D
(elf/’r‘nig oV (%) (elf/ﬁ oV (%) (Ejrr‘nij D) &jﬁ oV (%)
cov2T QC material <6.0 - 3.236+0.067 2.1 <6.0 - 3.236+0.067 2.1
sCOVG QC material  0.019+0.018 92.2 3.748+0.067 1.8 0.019+0.018 92.2 3.748+0.069 1.8
ACOV2 QC material  0.089+0.002” 24 3.518+0.036 1.0 0.089+0.003 2.9 3.518+0.063 1.8
ACOV2S  QC material <0.4 - 7.275+0.092 13 <0.4 - 7.275+0.181 2.5

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation; CV, coefficient of variation; COV2T, Atellica IM SARS-CoV-2 Total; sCOVG,
Atellica IM SARS-CoV-2 IgG; ACOV2, Elecsys Anti-SARS-CoV-2; ACOV2S, Elecsys Anti-SARS-CoV-2 S; QC, quality control.
?SDs and CVs could not be determined because the low QC material in the COV2T and ACOV2S had concentrations below the measuring range (<6.0 U/mL and <0.4

U/mL, respectively) throughout the experiment.
*The results of ACOV2 were presented as a cutoff index.

tration for COV2T. However, the 2nd order polynomial fits
were statically better than a linear fit for sSCOVG (p=0.048)
and ACOV2S (p=0.001).

4. Agreement study

In Table 3, the correlation between sCOVG and ACOV2S was
the best among the compared methods (r=0.833, p<0.001).
The measured values of ACOV2S were greater than those of
sCOVG (slope=142.7, intercept=-33.84) and the difference
between the two paired methods proportionally increased
with increasing concentrations (Fig. 2). COV2T was moder-
ately correlated with sCOVG and ACOV2S (r=0.496, p<0.001
and r=0.413, p<0.001, respectively) (Table 3). The difference
between ACOV2S and COV2T measurements showed a
proportional increase to the average of the paired methods
(Fig. 2). A proportional increase in the difference between
COV2T and sCOVG measurements was observed. Howev-
er, the two-pronged measurements were plotted against
the average measurements over concentrations of around
40,000 U/mL (Fig. 2).

The concordance rate between methods was highest be-
tween COV2T and ACOV2S (96.8%), where the agreement
was almost perfect (k=0.839, p<0.001) (Table 4). Substantial
agreements were observed between COV2T and sCOVG
and between sCOVG and ACOV2S (r=0.750, p<0.001 and
r=0.700, p<0.001, respectively). The concordance rate and
agreement between ACOV2 and either one of the other
methods were relatively worse compared to those between
other combinations of compared groups (concordance
rate and x-value: 51.5% and 0.096, 53.2% and 0.124, and
51.1% and 0.098 between COV2T and ACOV2, sCOVG and
ACOV2, and ACOV2 and ACOV2S, respectively).

Discussion

After all, clinical complications and prognosis are the main
concerns in SARS-CoV-2 patients. Therefore, accurate
measurement of antibodies to SARS-CoV-2 should help
to predict and monitor the clinical manifestations during
treatments. Unfortunately, several medications have been
introduced worldwide, however, the validity of the treat-
ments seems to be not perfectly proven yet [21-23]. This
would make serological antibody tests more valuable for
the better prognosis of patients. From this perspective, the
performance comparison of this study would provide some
insight into serological SARS-CoV-2 antibody tests.

When this study began, a majority of Koreans had com-
pleted vaccination for COVID-19 and every admitting pa-
tient had to be tested with SARS-CoV-2 RT-PCR to identify if
a patient was currently infected with SARS-CoV-2; omicron
was the dominant coronavirus variant in South Korea [24].
As a result, almost all enrolled patients were assumed to
have experienced either real coronavirus infections or vac-
cination before admission. Although we collected samples
from patients with SARS-CoV-2 positive and negative RT-
PCR results, the positive rate of the serological test was
highest in the negative RT-PCR group (94.4%) (Table 1).
The positive rates of serological tests spanned from 79.1%
to 94.4% and those of ACOV2 were relatively low (43.5%-
46.5%). Considering that ACOV2 uses a nucleocapsid pro-
tein as an antigen and most vaccines used in Korea for inoc-
ulation were targeting spike protein in SARS-CoV-2 [25,26],
it is assumed that more than half of enrolled patients had
not recently been exposed to SARS-CoV-2 and that it is
likely that the high positive rates in serological tests were
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Fig. 1. Linearity of COV2T, sCOVG, and ACOV2S using Cobas 8000 €801 and Atellica IM automated analyzers. The COV2T (A) and sCOVG (B)
were tested on an Atellica IM automated analyzer, the ACOV2S (C) being tested on a Cobas 8000 e801 automated analyzer. The COV2T
showed excellent linearity within each analytical measurement range, therefore, a difference plot was not presented. SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; COV2T, Atellica IM SARS-CoV-2 Total; sCOVG, Atellica IM SARS-CoV-2 1gG; ACOV2S, Elecsys
Anti-SARS-CoV-2 S.

caused by vaccinations. Practically, the seroprevalence of  cient of variations (CVs) are within the allowable impre-
N-specific antibodies has been reported to remain as lowas  cision claimed by manufacturers, except for those in the
1.59% after a vaccine campaign in Japan [27]. low concentration control in the sCOVG antibody test. The

In Table 2, repeatability and within-laboratory coeffi- upper repeatability and within-laboratory CVs claimed by
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Table 3. Passing-Bablok and Pearson correlation coefficients among COV2T, sCOVG, and ACOV2S

Method x Method y Slope Intercept (U/mL) P

covat sCOVG 0.041 1.795 0.496
sCOVG ACOV2S 142.7 -33.840 0.833
ACOV2S covat 6.352 -4.449 0.413

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COV2T, Atellica IM SARS-CoV-2 Total; sCOVG, Atellica IM SARS-CoV-2 1gG; ACOV2S, Elecsys Anti-

SARS-CoV-2 S; r, Pearson correlation coefficient.
?p<0.001.

Table 4. Concordance rates and agreements among 4 SARS-CoV-2 assays

Comparing group Concordance rate (%) Agreement (k) p-value
COV2T vs. sCOVG 93.5 0.750 <0.001
COV2T vs. ACOV2 51.5 0.096 0.028
COV2T vs. ACOV2S 96.8 0.839 <0.001
sCOVG vs. ACOV2 53.2 0.124 0.018
sCOVG vs. ACOV2S 92,5 0.700 <0.001
ACOV2 vs. ACOV2S 51.1 0.098 0.019

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COV2T, Atellica IM SARS-CoV-2 Total; sSCOVG, Atellica IM SARS-CoV-2 1gG; ACOV2, Elecsys Anti-

SARS-CoV-2; ACOV2S, Elecsys Anti-SARS-CoV-2 S.

the manufacturer were 12.0% and 15% within the 0.80-2.00
U/mL concentration interval, respectively. The mean of low
concentration material was 0.019 U/mL in this study, which
is at least a 42.1 times lower concentration. In a previous
study, materials over 2.0 U/mL were used for imprecision
and the CVs were lower than the manufacturer’s claim [28].
Therefore, further evaluation needs to be performed to es-
tablish the imprecision at lower concentrations.

Although nonlinearity was determined in sCOVG and
ACOV2S, the degree of nonlinearity of these two methods
seemed visually different. The sCOVG test was relatively
more linear than the ACOV2S test. When the difference plot
was recalculated again when setting the allowable nonlin-
earity to 15%, which is claimed by manufacturers across
the measuring interval, the concentration of nonlinearity
was at the left end in both methods. After removing the left
endpoint, the degree of nonlinearity was alleviated. As a
result, the remaining 4 points were located within the allow-
able nonlinearity interval and the p-value of the 2nd order
polynomial equation increased from 0.001 to 0.018 for the
ACOV2S test (data not shown), which indicates that the de-
gree of nonlinearity was more alleviated than before. Like-
wise, after removing left endpoint of the sSCOVG test, the
p-value of the 2nd order polynomial equation was changed
from 0.048 to 0.747 (data not shown), which is more ap-
propriate for a linear fit. Instead of establishing linearity,
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the range of the measuring interval should be reduced. Al-
though COV2T has been claimed to be a semi-quantitative
test, its linearity was good.

In the Passing-Bablok analysis, the slopes of regression
lines were 0.041 and 142.7 between COV2T and sCOVG and
between sCOVG and ACOV?2S, respectively. This indicates
that the absolute concentration of reported test results
should be greatly different depending on the methods.
Although the compared three methods detect different
antibodies, test harmonization issues need to be raised.
Significant differences between plasma- and serum-based
SARS-CoV-2 antibody tests have already been reported [29].

The correlation and agreement were best between sCOVG
and ACOV2S antibody tests (r=0.833, k=0.839, p<0.001)
(Tables 2, 3). Although the cutoffs of positive for anti-SARS-
CoV-S in sCOVG and ACOV2S are not markedly different
(0.80 U/mL and 1.0 U/mL, respectively), the difference in
the absolute concentration between them showed a propor-
tionally increasing trend as the concentration of antibodies
increased. This might happen because constant CV% was
affected across the measuring interval, which would show
a linear slope. This could be caused by a calibration error in
one method [30,31]. Since the manifestation of a regression
line between ACOV2S and COV?2T is different from the oth-
er paired methods, it is not easy to confirm if this is due to a
proportional constant error, such as a calibration error.
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Serological SARS-CoV-2 antibody tests require a careful
interpretation in clinical practice because the sensitivity
of the serological tests varies depending on the days after
disease onset [32]. The cumulative seroprevalence for IgM
and IgG increased from 44% and 56% on day 7 after symp-
tom onset to over 95% on day 20 for IgM and day 16 for IgG,
respectively [33]. The enrolled patient samples did not con-
tain clinical information except for the age, sex, and SARS-
CoV-2 RT-PCR results in this study. Furthermore, the major-
ity of admitted patients had already completed vaccination
when samples were obtained from patients. Therefore, the
diagnostic validity of the assays could not be evaluated due
to the lack of linked clinical information.

In conclusion, the positive rates of COV2T, sCOVG, and
ACOV2S were as high as 81.7%-89.2% in total, and that for
ACOV2S was the highest, while those of ACOV2 were as low
as 44.6%. This may be related to the high completion rate of
vaccination in Korea. The precision results were allowable
based on the claimed allowable imprecision, however, fur-
ther study needs to be conducted to establish the allowable
imprecision at a lower concentration level. COV2T showed
a linear fit, on the other hand, sCOVG and ACOV2S were
appropriately modeled with a nonlinear fit. The agreements
among COV2T, sCOVG, and ACOV2S were good, however,
those between ACOV2 and either one of the other methods
were poor, which is assumed to be due to the different an-
tigens in methods. Considering the different adopted anti-
gens that the serological SARS-CoV-2 antibody assays use,
the performance of tested assays is thought to show no sig-
nificant difference for the qualitative detection of antibodies
to SARS-CoV-2.
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