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A B S T R A C T

Several automated high-throughput immunoassays for detecting anti-SARS-CoV-2 antibodies by a semi-
quantitative approach have been commercialized. In this study, we describe the timeline of the antibody
response in patients with RT-PCR-confirmed COVID-19. A total of 292 sequential serum samples from 33 Jap-
anese patients were retrospectively analyzed using four test kits for SARS-CoV-2: the Abbott SARS-CoV-2 IgG
assay (Abbott), Elecsys� Anti-SARS-CoV-2 assay (Roche Diagnostic), and VITROS� Anti-SARS-CoV-2 Total and
IgG assays (Ortho Clinical Diagnostics). All automated immunoassays could equivalently identify positive
sera collected within 2 weeks after symptom onset (99.3%−100%). In addition, the S protein-based auto-
mated immunoassay, the VITROS� Anti-SARS-CoV-2 Total assay, may play a complementary role in evaluat-
ing passive antibody therapies or vaccines against SARS-CoV-2, although further research is required.

© 2021 Elsevier Inc. All rights reserved.
Keywords:

SARS-cov-2
COVID-19
Antibodies
Immunoassay
CLIA
ECLIA
81-49-276-1175.
a).
1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which emerged in
Wuhan, China, and is still having an enormous impact worldwide
(Phelan et al., 2020; WHO 2020). The infection has now spread to 222
countries, with more than 84,000,00 confirmed cases and over
1,800,000 confirmed deaths as of January 6, 2021 (WHO 2020). Addi-
tionally, the global pandemic is still expanding due to the existence
of asymptomatic carriers with high viral shedding and the long incu-
bation period of this disease (Zhou et al., 2020).

The main in vitro diagnostic assay used for COVID-19 involves
reverse transcription-polymerase chain reaction (RT-PCR)-based
detection of SARS-CoV-2 RNA. It is considered the gold standard for
screening and diagnosis in the early clinical phase of the infection.
However, its sensitivity varies according to the duration of infection
and the suitability of both the sampling technique and anatomical
site. Additionally, the RT-PCR protocols are still unfortunately
less automated, requiring substantial laboratory equipment,
reagents, and expertise (Loeffelholz and Tang, 2020; World Health
Organization 2020; Zou et al., 2020). Recently, novel high-throughput
SARS-CoV-2 immunoassays that detect IgM, IgA, IgG, and total anti-
body by a semi-quantitative approach have been commercialized;
these assays are easier to perform in clinical settings than RT-PCR,
the gold standard for diagnosis, and could help to identify patients
who have been exposed to SARS-CoV-2 (Theel et al., 2020). However,
few peer-reviewed studies have cross-sectionally evaluated their
serological response and performance (H€orber et al., 2020).

Commercially available automated high-throughput immunoas-
says differ not only in their target antibodies (i.e., IgA, IgM, IgG, or
total antibody) and targeted SARS-CoV-2 antigens (i.e., the S1 subunit
of the spike protein [S], the nucleocapsid protein [N], or the receptor
binding domain [RBD]), but also in the principles of the serological
assays (i.e., chemiluminescent immunoassay [CLIA], electrochemilu-
minescence immunoassay [ECLIA], and lateral flow assay [LFA]): the
Abbott SARS-CoV-2 IgG assay (CLIA: IgG for N protein) (Abbott; Abbot
Park, IL), Elecsys� Anti-SARS-CoV-2 assay (ECLIA: IgM and IgG for N
protein) (Roche Diagnostic Scandinavia AB; Solna, Sweden), and
VITROS� Anti-SARS-CoV-2 Total and IgG assays (CLIA: IgA, IgM, and
IgG for S protein) (Ortho Clinical Diagnostics; Rochester, NY).

In this study, we describe the timeline of the antibody response
and the results of cross-sectional evaluations with the above auto-
mated high-throughput immunoassays in patients with RT-PCR-con-
firmed COVID-19 using serially collected serum samples.
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2. Materials and methods

2.1. Patients with COVID-19 and their clinical specimens

This study involved Japanese patients with laboratory-confirmed
COVID-19 who were referred to Saitama Medical University Hospital
in Japan from February 11 to December 31, 2020. All patients were
confirmed to have COVID-19 by RT-PCR for SARS-CoV-2 using naso-
pharyngeal swab specimens in accordance with the nationally rec-
ommended protocol in Japan (National Institute of Infectious
Diseases, Japan 2021). Briefly, RNA was extracted from each swab
using a QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany) and
was amplified by conventional RT-PCR using N2 gene-specific pri-
mers and TaqMan-based QuantStudioTM 5 Real-Time PCR (Thermo
Fisher Scientific; Waltham, MA). All serum specimens used in the
study were collected at different time points after symptom onset
during hospitalization for patient diagnosis and not following a
predefined research protocol. Patients who could not be evaluated
via an automated immunoassay using sera collected within 7 days of
symptom onset were excluded from this study. All samples were
stored at −80°C until use.

In this study, days from symptom onset in patients with COVID-19
were determined by a review of the electronic medical records by a
research physician. Days from symptom onset were calculated if
either of the following could be confirmed from the medical records:
(a) an explicit definition of ''date since symptom onset with COVID-
19'' written by a physician or (b) a nursing record explaining acute-
onset symptoms associated with COVID-19. Disease severity was
classified according to the Chinese Clinical Guidance for COVID-19
Pneumonia Diagnosis and Treatment (China National Health Com-
mission 2021).

2.2. Non-COVID-19 patients and their clinical specimens

To evaluate the analytical specificity of the serological assays, 110
residual serum samples randomly recruited under a previous
research protocol as negative controls from Japanese patients admit-
ted to Saitama Medical University Hospital from April to October
2019 were used as negative controls. All samples were assumed to be
negative for SARS-CoV-2 antibodies because they were collected
prior to December 2019, which is when SARS-CoV-2 was first
reported in Wuhan, China. In addition, 36 residual sera collected
from hospitalized patients with respiratory symptoms and/or fever
consistent with COVID-19 but with a negative RT-PCR result for
SARS-CoV-2 were also evaluated to validate the specificity of the
assay (median duration from onset, 1 day; range, 0−26 days).

2.3. Detection of SARS-CoV-2 antibodies

This study used the following commercially available automated
high-throughput immunoassays on the corresponding platforms for
the detection of anti-SARS-CoV-2 antibodies.

1. Abbott SARS-CoV-2 IgG assay
Table 1
Seropositive rates of antibody responses in patients with RT-PCR-confirmed COVID-19 withi

Days from onset Seropo

Abbotta Rocheb

1−7 days 27.3% (9/33) 30.3% (10/33)
8−14 days 81.8% (27/33) 90.9% (30/33)
a Abbott: Abbott SARS-CoV-2 IgG assay.
b Roche: Elecsys� Anti-SARS-CoV-2 assay.
c Ortho CoV2 T: VITROS� Anti-SARS-CoV-2 Total assay.
d Ortho CoV2 G: VITROS� Anti-SARS-CoV-2 IgG assay.
* Statistical analysis was performed using Fisher's exact test.
The Abbott SARS-CoV-2 IgG assay was automatically performed
according to the manufacturer’s instructions on the ARCHITECT
i2000 (Abbott). This CLIA detects IgG antibodies against the N protein
of SARS-CoV-2. The analysis can simultaneously report a signal/cutoff
(S/CO) ratio and qualitative results indicating non-reactive (S/CO <
1.4; negative) or reactive (S/CO ≥ 1.4; positive) for IgG antibodies.
This assay requires a minimum of 100mL serum per assay.

2. Elecsys� Anti-SARS-CoV-2
We estimated anti-SARS-CoV-2 antibodies using the Elecsys�

Anti-SARS-CoV-2 assay on the Cobas 8000 e801 (Roche) according to
the manufacturer’s instructions. This ECLIA is based on a modified
double-antigen sandwich immunoassay using recombinant N protein
and is used for the specific detection of total SARS-CoV-2 antibodies,
including IgM and IgG. Results are reported as signal sample/cutoff
(cutoff index [COI]) values and as qualitative results indicating non-
reactive (COI < 1.0; negative) or reactive (COI ≥ 1.0; positive). This
assay requires a minimum of 100mL serum per assay.

3. VITROS� Anti-SARS-CoV-2 Total and IgG assays
Both the VITROS� Anti-SARS-CoV-2 Total and IgG assays (Ortho

Clinical Diagnostics) are based on CLIA using luminol-horseradish
peroxidase (HRP)-mediated chemiluminescence. Both of the assays
were performed on the VITROS 3600 automated immunoassay ana-
lyzer (Ortho Clinical Diagnostics) according to the manufacturer’s
instructions. In these assays, the specific antibodies against the
recombinant S1 subunit of the S protein of SARS-CoV-2 were auto-
matically analyzed. Results are reported as signal/cutoff (S/C) values
and as qualitative results indicating non-reactive (S/C < 1.0; negative)
or reactive (S/C ≥ 1.0; positive). The VITROS� Anti-SARS-CoV-2 Total
assay can detect total antibodies (IgA, IgM, and IgG) against SARS-
CoV-2 S protein. These assays also require a minimum of 100 mL
serum per assay.

2.4. Ethics statement

The study design and protocol were reviewed and approved by
the Institutional Review Board of Saitama Medical University Hospi-
tal (Approval Nos. 20065.01, 19136 and 20001).

3. Results

3.1. Antibody response to SARS-CoV-2

A total of 292 sequential serum samples from 33 Japanese patients
(22 male, 11 female) with a median age of 67.0 (interquartile range,
42.0−78.0) years were retrospectively analyzed using the four auto-
mated high-throughput immunoassays for SARS-CoV-2. To assess the
sensitivity of each assay, patients were subdivided into two groups
by days from onset—7 days or less and 8 to 14 days—and analyzed
for seroprevalence during each period (Table 1). For the first 7 days
after symptom onset, the VITROS� Anti-SARS-CoV-2 Total assay (i.e.,
the S protein-based immunoassay) was positive in 33.3%, consistent
with the results obtained with the other N protein-based immunoas-
says (Abbott SARS-CoV-2 IgG, 27.3%; Elecsys� Anti-SARS-CoV-2,
n 14 days of symptom onset.

sitive rates P value

Ortho CoV2 Tc Ortho CoV2 Gd

33.3% (11/33) 6.1% (2/33) 0.02*
100% (33/33) 84.8% (28/33) 0.06
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30.3%). However, the positive rate of the VITROS� Anti-SARS-CoV-2
IgG assay (6.1%) was significantly lower than that of the other meth-
ods. At 14 days after symptom onset, the VITROS� Anti-SARS-CoV-2
Total assay eventually reached 100%, whereas the seropositive rates
of the Abbott SARS-CoV-2 IgG and Elecsys� Anti-SARS-CoV-2 assays
reached 81.8% and 90.9%, respectively. No significant differences
were found among the immunoassays during this period.

3.2. Specificity for non-COVID-19 patients

The specificity of the automated CLIA and ECLIA systems was eval-
uated in 110 non-COVID-19 serum specimens collected before the
emergence of SARS-CoV-2 in Japan. All samples were checked for
anti-SARS-CoV-2 antibody on three machines with the four assays
and all had successfully negative results. Furthermore, in a study of
38 COVID-19-negative patients with respiratory symptoms and/or
fever, one specimen from an 86-year-old patient with bacterial pneu-
monia showed a false-positive result for antibody in the Elecsys�

Anti-SARS-CoV-2 assay. Overall, the specificity of the automated CLIA
and ECLIA systems was calculated to be 99.3% (147/148) for the Elec-
sys� Anti-SARS-CoV-2 assay and 100% for the Abbott SARS-CoV-2 IgG
and VITROS� Anti-SARS-CoV-2 Total/IgG assays.

3.3. Detection timelines of anti-SARS-CoV-2 assays

Fig. 1 summarizes the dynamic changes in antibodies against
SARS-CoV-2 using each automated high-throughput immunoassay in
33 hospitalized patients with COVID-19; the antibody test results for
each patient are detailed in Supplementary Table 1. We calculated
the median and interquartile range (IQR) of the number of days from
symptom onset to antibody detection. The median time to seroposi-
tivity was 10 days (IQR, I7−12 days) for the Abbott SARS-CoV-2 IgG,
9 days (IQR, 7−12 days) for the Elecsys� Anti-SARS-CoV-2 assay,
9 days (IQR, 7−10 days) for the VITROS� Anti-SARS-CoV-2 Total
assay, and 11 days (IQR, 8.75−12.25 days) for the VITROS� Anti-
SARS-CoV-2 IgG assay. Additional statistical analysis involving the
Wilcoxon rank-sum test revealed no significant differences among
the immunoassays (P > 0.05). From onset to 14 days, there were
increases in qualitative results in most cases, whereas the initial anti-
body tests met one of the criteria for seropositivity in 11 patients
(33.3%, 11 of 33) (Patients 2, 6, 7, 17, 18, 20, 21, 26, 27, 30, and 31),
even though they were performed within 7 days after symptom
onset (Fig. 1, Supplementary Table 1); of these, all immunoassays of
the initial sera of Patients 2 and 6 were positive from the 7th day after
onset. In 29 of the 33 patients (87.9%), total antibodies against SARS-
CoV-2 could be detected with the VITROS� Anti-SARS-CoV-2 Total
assay before or in parallel with the other immunoassays, and only 4
patients were found to have antibodies before being detected by the
VITROS� Anti-SARS-CoV-2 Total assay (Patients 18, 20, 27, and 29).

4. Discussion

Automated immunoassays for SARS-CoV-2 antibodies were suit-
able for detecting specific antibodies for epidemiological applications
and could serve as alternative diagnostic tools in hospital settings,
which is important due to the ever-increasing demand for the detec-
tion of SARS-CoV-2 antibodies worldwide. In a recent study of the
seropositivity detected by the VITROS� Anti-SARS-CoV-2 Total assay,
antibody production was found within the first 7 days and the assay
had 97% sensitivity for SARS-CoV-2 at or beyond 7 days after symp-
tom onset (Garnett et al., 2020, Qian et al., 2020). Andrea et al. (2020)
have also reported a head-to-head comparison of automated immu-
noassays. Using serum specimens collected from Italians, they found
that the Abbott SARS-CoV-2 IgG, Roche Elecsys� anti-SARS-CoV-2,
and Ortho VITROS� Anti-SARS-CoV-2 Total and IgG immunoassays
showed good clinical performance (sensitivity, 89.4%−95.2%;
specificity, 97.6%−100%), as in our study. The sensitivity and specific-
ity of immunoassays can depend on target population, race, and dis-
ease severity. Our study also found that these automated
immunoassays demonstrated good clinical performance for detecting
SARS-CoV-2 antibodies in the Japanese population.

Previous reports indicated that some patients with COVID-19
could have negative results on RT-PCR tests for SARS-CoV-2 due
to sampling errors or sample transport restrictions (Guo et al.,
2020; Li et al., 2020; Qian et al., 2020). Automated assays would
be useful, as would high-throughput assays able to rapidly ana-
lyze many samples for antibody detection. In particular, whereas
the diagnosis of active SARS-CoV-2 infection must rely on the
detection of viral RNA in the hospital, the antibody test could
eliminate the need to collect nasopharyngeal swab samples or
sputum, which poses a risk of infection for medical staff. Combi-
nations of automated immunoassays for SARS-CoV-2 antibodies
with repeated swab tests, the gold standard for diagnosis, could
also be helpful for the alternative diagnosis of patients with a
high index of suspicion for COVID-19. Additionally, the S protein,
located on the surface of coronavirus, which is the target of the
VITROS� Anti-SARS-CoV-2 Total and IgG assays, plays a pivotal
role in viral entry and is a main target for neutralizing antibodies
and vaccine design against SARS-CoV-2 (Chi et al., 2020). There-
fore, we should not exclude a potential role for these tests in
COVID-19 diagnosis and evaluation of the effectiveness of the
vaccine. However, further study is needed.

Recent work has demonstrated that the sensitivity of the S pro-
tein-based IgM immunoassay was significantly higher than that of an
immunoassay based on N protein and that there was no significant
difference in sensitivity between the S and N proteins for the detec-
tion of IgG and total antibodies (Liu et al., 2020). In the third week
after symptom onset, the seropositive rates of IgM antibodies against
both S and N proteins were maintained at 73.7%, whereas the sero-
positive rates of IgG antibodies against S and N proteins reached
100% (Sun et al., 2020). The level of IgA antibody increased from days
2 to 6 after symptom onset and showed higher levels compared with
IgM antibody throughout the observation period (Ma et al., 2020;
Padoan et al., 2020, Yu et al., 2020). However, the VITROS� Anti-
SARS-CoV-2 Total assay, which detects IgA, IgM, and IgG antibodies
against the S1 subunit of the S protein, was ultimately equivalent to
the other immunoassays, with all patients found to have the specific
antibody within 2 weeks after symptom onset in this study. Further-
more, it should be noted that the VITROS� Anti-SARS-CoV-2 IgG
assays may have lower detection sensitivity in the early period after
onset than the other immunoassays.

The data acquired from patients with negative COVID-19 demon-
strated that these automated immunoassays were reliable due to
their high specificity. In particular, the specificities of the Abbott
SARS-CoV-2 IgG and VITROS� Anti-SARS-CoV-2 Total/IgG assays
reached 100% while that of Elecsys� Anti-SARS-CoV-2 assay was
99.3%. Previous reports have suggested that the specificities of the
Abbott and VITROS� Anti-SARS-CoV-2 IgG assays for healthy popula-
tions exceeded 99% (Bryan et al., 2020, Theel et al., 2020), in agree-
ment with our findings.

Our study has some limitations. First, the number of patients was
small (n = 33) and all patients were hospitalized with symptoms. Sec-
ond, the overall serological response of individuals with SARS-CoV-2
infection cannot be determined because asymptomatic individuals
were not evaluated. Third, the specificity for sera that are positive
for common human coronaviruses other than SARS-CoV-2 was not
evaluated.

In conclusion, the Abbott SARS-CoV-2 IgG, Elecsys� Anti-SARS-
CoV-2, and VITROS� Anti-SARS-CoV-2 Total assays were able to
equivalently identify positive sera collected within 2 weeks after
symptom onset. In addition, S protein-based automated immunoas-
says may play a complementary role in the evaluation of passive



Fig. 1. Kinetics of anti-SARS-CoV-2 antibodies in 33 patients with COVID-19. a) Signal/cutoff (S/CO) values from the Abbott SARS-CoV-2 IgG assay, b) signal sample/cutoff (COI) val-
ues from the Elecsys� anti-SARS-CoV-2 assay, c) signal/cutoff (S/C) values from the VITROS� Anti-SARS-CoV-2 Total assay, d) signal/cutoff (S/C) values from the VITROS� Anti-
SARS-CoV-2 IgG assay.
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antibody therapies or vaccines against SARS-CoV-2, although further
research is required.
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