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Objectives: The aim was to determine the antibody response against SARS-CoV-2 spike protein and
nucleoprotein using four automated immunoassays and three ELISAs for the detection of total Ig anti-
bodies (Roche) or IgG (Abbott, Diasorin, Snibe, Euroimmun, Mikrogen) in COVID-19 patients.
Methods: Sensitivity and dynamic trend to seropositivity were evaluated in 233 samples from 114 pa-
tients with moderate, severe or critical COVID-19 confirmed with PCR on nasopharyngeal swab. Speci-
ficity was evaluated in 113 samples collected before January 2020, including 24 samples from patients
with non-SARS coronavirus infection.
Results: Sensitivity for all assays was 100% (95% confidence interval 83.7e100) 3 weeks after onset of
symptoms. Specificity varied between 94.7% (88.7e97.8) and 100% (96.1e100). Calculated at the cut-offs
that corresponded to a specificity of 95% and 97.5%, Roche had the highest sensitivity (85.0% (79.8e89.0)
and 81.1% (76.6e85.7), p < 0.05 except vs. Abbott). Seroconversion occurred on average 2 days earlier for
Roche total Ig anti-N and the three IgG anti-N assays (Abbott, Mikrogen, Euroimmun) than for the two
IgG anti-S assays (Diasorin, Euroimmun) (�50% seroconversion day 9e10 vs. day 11e12 and p < 0.05 for
percent seropositive patients day 9e10 to 17e18). There was no significant difference in the IgG antibody
time to seroconversion between critical and non-critical patients.
Discussion: Seroconversion occurred within 3 weeks after onset of symptoms with all assays and on
average 2 days earlier for assays detecting IgG or total Ig anti-N than for IgG anti-S. The specificity of
assays detecting anti-N was comparable to anti-S and excellent in a challenging control population.
Jan Van Elslande, Clin Microbiol Infect 2020;26:1557.e1e1557.e7
© 2020 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

In hospitalized COVID-19 patients, seroconversion for IgG is
typically detected between 5 and 14 days after symptom onset.
al department of Laboratory
, 3000, Leuven, Belgium.
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biology and Infectious Diseases. P
Similar to SARS-CoV-1 [1], the time to seropositivity for IgM and
IgA does not appear to be significantly shorter in most studies
[2e9]. There is still debate as to which antibodies should be
measured. Serological tests typically detect antibodies against
spike protein (S) and/or nucleoprotein (N) since these are the most
immunogenic proteins of SARS-CoV-2 [8]. The S protein, consisting
of a S2 and a S1 subunit with a receptor binding domain (RBD), is
present on the envelope and is used by the virus to connect to the
ublished by Elsevier Ltd. All rights reserved.
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human cells using the ACE-2 receptor. Since anti-spike protein
antibodies have been shown to possess neutralizing effects in vitro,
it has been suggested that detection of antibodies against spike
protein could provide a better indication of an effective immune
response [10,11]. Detection of antibodies against nucleoprotein, on
the other hand, has been suggested to decrease the time to
seroconversion in human coronavirus (HCoV) infections including
SARS-CoV-1 [12]. For SARS-CoV-2, this has not been clearly
established and several authors found a similar time to seroposi-
tivity for anti-N and anti-S using home-made ELISAs [6,13e15]. IgG
anti-SARS-CoV-2 antibody levels have been reported to correlate
with disease severity [3,14,16], although this has not been
confirmed by other studies [6].

Many of the studies reported in the literature have been per-
formed using home-made or research-use only enzyme linked
immunosorbent assays (ELISA's) [6,13,15,17,18]. At the end of
March 2020, the first ELISA, the Euroimmun IgA and IgG ELISA,
received CE marking. The first automated CE-marked assay, the
Maglumi assay from the Chinese company Snibe, has been eval-
uated and adopted by a number of Italian laboratories for the
detection of antibodies against SARS-CoV-2 [4]. Since end of April
2020, several other automated immunoassays received CE
marking and FDA emergency use authorization. Diasorin and
Abbott released assays for the detection of IgG anti-SARS-CoV-2
antibodies for the Liason and Architect platforms, respectively,
while Roche released an assay for total anti-SARS-CoV-2 immu-
noglobulins (total Ig) for the Cobas platform. In May 2020 the
ELISA from Mikrogen received its CE mark. These different assays
detect antibodies against spike protein, nucleoprotein or both (N/
S). There are currently no studies comparing the antibody
response against these different proteins except studies using
home-made ELISAs [6,13,15,17,18].

The aim of this study was to determine the antibody response
against SARS-CoV-2 spike protein and nucleoprotein using four
automated immunoassays and three ELISAs for the detection of
total Ig antibodies (Roche) or IgG (Abbott, Diasorin, Snibe, Euro-
immun, Mikrogen) in COVID-19 patients.
Materials and methods

Patient selection

The specificity was evaluated using selected serum samples
from 113 patients collected before January 2020 as negative con-
trols. These included (a) a disease control group of 49 consecutive
patients with a respiratory infection who had a PCR test for respi-
ratory pathogens in the period September to November 2019. The
serum samples were collected day 1 to day 40 after the PCR test. (b)
In addition, we tested 24 samples from patients with a confirmed
non-SARS-CoV-2 coronavirus infection collected 12e42 days after
the positive PCR. (c) Forty samples of patients with antibodies
against other pathogens (e.g. cytomegalovirus, EpsteineBarr virus,
human immunodeficiency virus) from routine serology testing
(Table S1). All samples were stored at e20�C until use.

To assess the sensitivity and dynamic trend to seropositivity in
PCR-positive COVID-19 patients, we used a total of 233 samples of
114 patients who were positive for SARS-CoV-2 with RT-PCR on
nasopharyngeal swabs (UTM, Copan, Italy) and diagnosed with
COVID-19. The number of samples used per patient ranged from
one to six (please see supplementary material). Immunocompro-
mised patients (e.g. acute leukaemia, treatment with azathioprine)
were excluded. RT-PCR was performed using an in-house method
complying with the World Health Organization (WHO) guidelines
[19].
The date of onset of symptoms, clinical classification (moderate,
severe or critical [3]) and basic demographic information (male/
female, age) were recorded for each COVID-19 patient. The group
consisted of 81 male and 33 female patients with a median age of
66.5 (range 23e90) years. The median time between onset of
symptoms and admission to the hospital was 7 days (83.3% of pa-
tients were admitted the day of the first positive PCR result). Thirty-
six (31.6%) patients were classified as critical if mechanical venti-
lation was required or in case of fatality [3].

Data collection and analysis

This retrospective study was performed at the University Hos-
pitals Leuven and approved by the local ethics committee (protocol
number S63897). Some of the data for the Euoimmun IgG anti-S
assay were included in a previous study [20].

We evaluated the diagnostic performance of 4 automated assays
from Roche, Abbott, Diasorin, and Snibe (Maglumi), two Euro-
immun ELISAs and an ELISA from Mikrogen. The two assays from
Euroimmun detect antibodies against S1 (Euro S1) and nucleo-
protein (Euro NCP), respectively. All assays are CE in vitro di-
agnostics (IVD) marked and all assays except Maglumi and
Mikrogen received emergency use authorization from the FDA.
Please see supplementary material for more detailed information
about the assays and the analysers (Table S2) and data analysis. To
calculate performance characteristics, equivocal results were
treated as ‘positive’.

Results

Specificity of the different assays

The specificity (95% confidence interval) varied between 96.5%
(91.0e98.9) (Maglumi) and 100% (96.1e100) (Roche) for the auto-
mated assays, and between 94.7% (88.7e97.8) (Euro NCP) and 96.5%
(91.0e98.9) (Euro S1 and Mikrogen) for the ELISAs (Table 1). There
were no false-positive results with any of the assays for the 24
patients with a non-SARS coronavirus infection. Two samples were
false positive with three different assays. A sample from October
2019 from a patient who had acute respiratory distress syndrome
(PCRþ: Entero-/Rhinovirus, Pneumocystis jirovecii, Streptococcus
pneumoniae) was positive with Maglumi, Euro NCP and Mikrogen,
while a sample from early November 2019 from a patient who had a
necrotizing pneumonia (PCRþ: entero-/rhinovirus, herpes simplex
virus 1, S. pneumoniae) was false positive with Euro S1, Euro NCP
(both equivocal results) and Mikrogen. One sample with IgM and
IgG anti-CMV antibodies was false positive with two assays: Euro
NCP and Maglumi.

Sensitivity and overall diagnostic performance

None of the patients became seronegative after the first positive
result for any of the assays. The overall sensitivity varied between
63.2% (56.7e69.3) (Diasorin) and 73.1% (66.9e78.5) (Euro NCP)
(Table 1). In a limited number of samples (n ¼ 24) obtained
>21 days after the onset of symptoms, anti-SARS-CoV-2 antibodies
could be detected with all seven assays (Table 1). To account for the
fact that a lower cut-off increases sensitivity at the cost of a lower
specificity, we calculated the positive likelihood ratio (LRþ), per-
formed receiver operating characteristic (ROC) analysis, and
calculated the sensitivity at a cut-off corresponding to a specificity
of 95% and 97.5% (Table 1). The assays of Roche, Abbott and Diasorin
had a LRþ � 74, while the likelihood ratios of the other assays
varied between 13.8 and 19.9 (Table 1).



Table 1
Overall diagnostic performance of the different assays

N Roche
Ig anti-N

Abbott
IgG anti-N

Euro NCP
IgG anti-N

Mikrogen
IgG anti-N

Maglumi
IgG anti-N/S

Diasorin
IgG anti-S

Euro S1
IgG anti-S

Sensitivity (95% CI) 223 71.8%
(65.5e77.3)

70.9%
(64.6e76.4)

73.1%d

(66.9e78.5)
70.4%
(64.1e76.0)

68.6%
(31.8e47.1)

63.2%
(56.7e69.3)

64.6%
(58.1e70.6)

D0e6 43 32.6%
(20.4e47.6)

27.9%
(16.6e42.8)

30.2%
(18.5e45.2)

30.2%
(18.5e45.2)

25.6%
(14.8e40.4)

14.0%
(6.2e27.6)

18.6%
(9.5e32.9)

D7e13 98 69.4%
(59.7e77.7)

67.3%
(57.5e75.9)

71.4%
(61.8e79.5)

67.3%
(57.5e75.9)

64.3%
(54.4e73.1)

58.2%
(48.3e67.5)

60.2%
(50.3e69.3)

D14e17 42 92.9%
(80.3e98.2)

95.2%
(83.3e99.5)

95.2%
(83.3e99.5)

90.5%
(77.4e96.8)

92.9%
(80.3e98.2)

90.5%
(77.4e96.8)

88.1%
(74.5e95.3)

D18e21 16 93.8%
(69.7e100)

100%
(77.3e100)

100%
(77.3e100)

100%
(77.3e100)

100%
(77.3e100)

100%
(77.3e100)

100%
(77.3e100)

D22e27 13 100%
(73.4e100)

100%
(73.4e100)

100%
(73.4e100)

100%
(73.4e100)

100%
(73.4e100)

100%
(73.4e100)

100%
(73.4e100)

D28e37 11 100%
(70.0e100)

100%
(70.0e100)

100%
(70.0e100)

100%
(70.0e100)

100%
(70.0e100)

100%
(70.0e100)

100%
(70.0e100)

Specificity (95% CI) 113 100%
(96.1e100)

99.1%
(94.7e100)

94.7%
(88.7e97.8)

96.5%
(91.0e98.9)

96.5%
(91.0e98.9)

99.1%
(94.7e100)

96.5%
(91.0e98.9)

Other coronavirus 24 100%
(83.7e100)

100%
(83.7e100)

100%
(83.7e100)

100%
(83.7e100)

100%
(83.7e100)

100%
(83.7e100)

100%
(83.7e100)

Respiratory infection 49 100%
(91.3e100)

100%
(91.3e100)

93.9%
(82.9e98.5)

93.9%
(82.9e98.5)

98.0%
(88.3e100)

100%
(91.3e100)

93.9%
(82.9e98.5)

Antiviral antibodies 40 100%
(89.6e100)

97.5%
(86.0e100)

92.5%
(79.4e98.1)

97.5%
(86.0e100)

92.5%
(79.4e98.1)

97.5%
(86.0e100)

97.5%
(86.0e100)

LRþ +∞ 80.1 13.8 19.9 19.4 74.1 18.2
ROC curve (area) All 0.950 0.907 0.928 0.864 0.871 0.865 0.909
Cut-off (Manufacturer)a 1.0 1.4 0.8/1.1 20/24 1.0 12/15 0.8/1.1
Sensitivity (cut-off) if
Specificity 95.0% 233 85.0% (0.13)b

(79.8e89.0)
78.1% (0.25)
(72.4e83.0)

73.8% (1.13)
(67.8e79.0)

74.2% (16.4)
(68.3e79.5)

71.7% (0.42)
(65.6e77.0)

67.4% (7.25)
(61.1e73.1)

69.5% (0.47)
(63.3e75.1)

Specificity 97.5% 233 81.1% (0.17)b

(76.6e85.7)
75.1% (0.59)c

(69.2e80.2)
69.1% (0.77)
(62.9e74.7)

70.8% (24.0)
(64.7e76.3)

67.0% (1.23)
(60.7e72.7)

67.0% (8.11)
(60.7e72.7)

62.7% (0.89)
(56.3e68.6)

For all calculations, equivocal results were treated as positive. 95% CI, 95% confidence interval; LRþ, positive likelihood ratio; ROC, receiver operator curve.
a If defined by the manufacturer, the upper and lower limit of the equivocal zone are listed.
b p < 0.05 vs all except Abbott.
c p < 0.05 vs Euro S1.
d p < 0.05 vs Diasorin.

No. of samples 18 27 32 31 31 14 13
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Fig. 1. Diagnostic performance of the different assays. (A) ROC curve (samples used to calculate sensitivity and specificity, n ¼ 346). (B) Dynamic trend to seropositivity in 222
samples from 106 patients with COVID-19. Of note, the average time to seroconversion lags behind the true time of seroconversion by a couple of days since patients were not tested
daily and a patient is only considered to have seroconverted after the first positive result.
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The Roche assay had the highest area under the ROC curve (0.95,
p < 0.05 vs. all except Euro NCP) (Fig. 1A). The Euro NCP and Euro S1
assays had a higher AUC than Abbott (p ¼ NS) although the Abbott
assay had a better performance in the clinically relevant areawith a
specificity of �90%. This can be explained by the fact that the ROC
curves of the Euro NCP and Euro S1 assays cross the Abbott curve in
the areawhere specificity is <75%. This artefact is the reasonwe did
not include the statistical results of the AUC comparison in Table 1.
When the sensitivity was calculated in our study cohort at a cut-off
corresponding to a specificity of 95% and 97.5%, the assay of Roche
had the highest sensitivity followed by Abbott (p < 0.05 for Roche
vs. all except Abbott for both cut-offs, Table 1).

The agreement between the different assays is shown in Table 2.
The agreement between the 3 IgG anti-N assays varied between
93.3% (89.1e96.0) and 96.9% (93.5e98.6). The agreement between
the 2 IgG anti-S assays was significantly lower than between Abott
and Euro NCP (91.5% (87.0e94.5), p < 0.05).

Dynamic trend to seropositivity with the different assays

The dynamic trend to seropositivity of all the assays is shown in
Fig. 1B. Seroconversion occurred significantly faster with the Roche
total Ig anti-N assay and three IgG anti-N assays (Abbott, Mikrogen,
Euro NCP) than with the two anti-S assays (Diasorin, Euro S1)
(Fig. 2A, �50% seroconversion day 9e10 vs. day 11e12 and p < 0.05
for % seropositive patients day 9e10 to day 17e18). The dynamic
Table 2
Percentage agreement between the different assays in COVID-19 patients (223 samples

Abbott Euro NCP Maglumi

Roche 94.6% (90.7e97.0) 95.1% (91.3e97.3) 89.7% (84.9e93
Abbott 96.9% (93.5e98.6) 90.6% (86.0e93
Euro NCP 87.4% (82.4e91
Maglumi
Mikrogen
Diasorin
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Fig. 2. Antibody response to SARS-CoV-2 N-antigen and S-antigen. (A) Dynamic trend to ser
IgG anti-S assays (Diasorin, Euro S1). yp <0.05 for IgG anti-S1 assays vs. IgG anti-N assays. *p <
to seropositivity for IgG anti-N and IgG anti-S assays in critical and non-critical patients.
trend to seropositivity with the assay that detects anti-N and anti-S
(Maglumi) was in between the trend for anti-N and anti-S assays.
We did not observe any difference in time to seroconversion for IgG
between critical and non-critical patients for the IgG anti-N and IgG
anti-S assays (Fig. 2B).

Seropositivity at the time of admission and 1 week after admission

The median time to presentation after onset of symptoms was
7 days, both for critical and non-critical patients. The percentage of
patients with IgG antibodies at the time of admission varied be-
tween 21.1% (14.4e29.7) and 36.8% (28.3e46.3) and was compa-
rable for critical and non-critical (moderate and severe) patients
(Table 3). The Roche assay was the only assay with a difference of
more than 10% between critical and non-critical, but this difference
was not significant.

One week after admission, the seropositivity varied between
85.4% (71.2e93.5) and 95.1% (83.0e99.5) for the different assays in
patients for whom a sample was available at admission and after
1 week (6e8 days).

Evolution of antibody levels

Only one of the seven assays (Diasorin) is intended for the
quantitative detection of SARS-CoV-2 antibodies. All assays do,
however, provide a signal over cut-off value, which is expected to
for sensitivity) (95% confidence interval)

Mikrogen Diasorin Euro S1

.1) 91.5% (87.0e94.5) 84.3% (78.9e88.5) 90.1% (85.4e93.4)

.8) 93.3% (89.1e96.0) 85.2% (79.9e89.3) 90.1% (85.4e93.4)

.2) 95.5% (91.8e97.7) 84.8% (79.4e88.9) 88.8% (83.9e92.3)
96.4% (93.0e98.2) 85.7% (80.4e89.7) 87.9% (82.9e91.6)

83.9% (78.4e88.1) 87.9% (82.9e91.6)
91.5% (87.0e94.5)

IgG Anti-N

IgG Anti-S

Roche Ig anti-N

17 27 2 20 8 6

10 5 9 11 6 7

Days after onset of symptoms

Critical IgG anti-N

Non-critical IgG anti-N

Critical IgG anti-S

Non-critical IgG anti-S

opositivity for Roche total Ig, the 3 IgG anti-N assays (Abbott, Mikrogen, Euro NCP) and
0.05 for anti-S assays vs. IgG anti-N assays and Roche total Ig anti-N. (B) Dynamic trend



Table 3
Presence of anti-SARS-CoV-2 at time of admission to the hospital and 1 week after admission (95% confidence interval)

% seropositive Roche
Ig-N

Abbott
IgG-N

Euro NCP
IgG-N

Mikrogen
IgG-N

Maglumi
IgG-N/S

Diasorin
IgG-S

Euro S1
IgG-S

At time of admission (n ¼ 76) 34.2% (26.0e43.6) 30.3% (22.4e39.5) 36.8% (28.3e46.3) 32.9% (24.7e42.2) 28.9% (21.2e38.1) 21.1% (14.4e29.7) 21.1% (14.4e29.7)
Critical (n ¼ 23) 26.1% (13.9e43.3) 30.4% (17.3e47.7) 39.1% (22.1e59.3) 39.1% (22.1e59.3) 30.4% (17.3e47.7) 21.7% (10.7e38.7) 17.4% (6.4e37.7)
Non-critical (n ¼ 53) 37.7% (25.9e51.2) 30.2% (19.5e43.6) 35.8% (24.3e49.3) 30.2% (19.5e43.6) 28.3% (17.9e41.7) 20.8% (11.8e33.6) 22.6% (13.3e35.7)

After 1 week (n ¼ 41)a 92.7% (79.9e98.2) 95.1% (83.0e99.5) 92.7% (79.9e98.2) 92.7% (79.9e98.2) 90.2% (76.9e96.7) 85.4% (71.2e93.5) 92.7% (79.9e98.2)
At admission 26.8% (15.6e42.0) 26.8% (15.6e42.0) 31.7% (19.5e47.1) 31.7% (19.5e47.1) 26.8% (15.6e42.0) 19.5% (10.0e34.3) 17.1% (8.2e31.6)
After 1 week if negative 27/30 (90.0%)

(73.6e97.3)
28/30 (93.3%)
(77.6e0.99)

25/28 (89.3%)
(72.0e97.1)

25/28 (89.3%)
(72.0e97.1)

25/31 (80.6%)
(63.4e91.2)

27/33 (81.8%)
(65.2e91.8)

31/34 (91.2%)
(76.3e97.8)

a Subgroup consisting of those patients for whom a sample was available.
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Fig. 3. Evolution of the antibody levels (P25, median, P75) with the different assays. Results of the individual assays were normalized by dividing the result by the cut-off proposed
by the manufacturer (lowest cut-off in case the manufacturer defines an equivocal zone).
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correlatewith the antibody level. The evolution of antibody levels is
shown in Fig. 3. The antibody levels of Abbott, Euro NCP, and
Mikrogen reach a plateau 2 weeks after onset of symptoms around
six to ten times the cut-off. The antibody levels with Diasorin
appear to rise slower, but also reach a plateau during the thirdweek
around six to ten times the cut-off. The plateau for these four assays
could be the upper limit of quantitation for the assays. None of the
manufacturers did, however, provide an upper limit of quantitation.
The median antibody levels with Euro S1 reach a plateau around 15
times the cut-off, while the median levels with Maglumi and Roche
rise above 50 times the cut-off.
Discussion

We evaluated the antibody response and time to seroconversion
using four chemiluminescent assays (CLIAs) and three ELISAs for
the detection of IgG and total Ig antibodies against SARS-CoV-2 N
and/or S protein. During the first 3 weeks, the total Ig anti-N assay
of Roche had the best diagnostic performance taking into account
both sensitivity and specificity followed by the Abbott IgG anti-N
assay. We found that seroconversion for IgG occurred on average
2 days faster for N than for S protein.

The sensitivity of IgG antibodies in COVID-19 patients found in
this study is in line with other recent publications. Long et al.
showed a 100% seroconversion of IgG 19 days after onset of
symptoms [7]. To et al. already saw a 100% IgG seropositivity
14 days after onset of symptoms [6] and Padoan et al. 12 days after
onset of fever [4]. It is important to note that some studies suggest
the sensitivity never reaches 100% in asymptomatic individuals
who are positive for SARS-CoV-2 with PCR [21e23]. We did not
observe a significant difference in seroconversion time of IgG be-
tween critical and non-critical (moderate and severe) patients,
confirming the results of previous studies [3,6,16].

We found that seroconversion for anti-N occurs significantly
faster than for anti-S in COVID-19 patients. This is similar to the
response after SARS-CoV-1 and other HCoV infections where it
has been described that anti-N antibodies appear before anti-S
antibodies [12]. Several authors have suggested that assays us-
ing full-length N protein might be more prone to false positives
since it has several conserved regions with high sequence ho-
mology to other HCoVs such as common cold viruses HCoV-229E,
-NL63, -OC43 and -HKU1 [24]. For example Okba et al. have
described cross-reactivity of a home-made anti-SARS-CoV-2
antibody ELISA with MERS and SARS-CoV-1 antibodies [18]. In our
study, however, two of the three assays with the highest speci-
ficity (Roche, Abbott, and Diasorin) were assays detecting anti-N
antibodies and none of the seven assays had a false-positive
result for any of the 24 samples of patients with a non-SARS-
CoV-2 HCoV infection.
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Note that the ELISA and CLIA assays described in this article do
not directly measure neutralizing anti-SARS-CoV-2 antibodies.
However, studies have shown that both IgG anti-N and IgG anti-S
antibody titres correlate with microneutralization and plaque
reduction neutralization tests in vitro [6,18].

While the diagnostic performance of a number of rapid tests for
detection of IgG anti-SARS-CoV-2 antibodies is good [19,25], the
availability of automated assays for the detection of anti-SARS-CoV-
2 antibodies opens the possibility for largescale testing. There are,
however, still a number of important questions. First, it is uncertain
how long antibodies persist after infection. A recent study reported
that 12.9% of symptomatic and 40% of asymptomatic individuals
became seronegative two to three months after infection [23].
Second, there are currently no studies which demonstrated that
antibodies are protective against reinfection in humans. For these
reasons, the WHO does not recommend the use of immunity
passports at this moment [26]. We therefore recommend to use
serological assays for SARS-CoV-2 as a complementary diagnostic
tool and for epidemiologic purposes, rather than as a means to
determine immunity.

The use of assays from different manufacturers for anti-N and
anti-S strengthens our conclusions as this reduces the risk that
our observations could be influenced by the quality of one of the
assays used. This risk is particularly present when home-made
assays are used as was the case in all previously published peer-
reviewed studies comparing the antibody response to different
SARS-CoV-2 antigens [6,13,15,17,18].

There are a number of limitations to our study. First, we only
included a limited number of samples from patients with frequent
respiratory infections such as influenza, Mycoplasma pneumoniae,
and Chlamydophila pneumoniae and no samples from patients with
a SARS-CoV-1 or MERS-CoV infection. Second, the samples selected
for specificity were challenging and most likely underestimate the
specificity in a routine laboratory setting. Finally, we only evaluated
the diagnostic performance in patients with moderate to critical
COVID-19 and did not study the antibody response in asymptom-
atic persons and patients with mild COVID-19.

In conclusion, the specificity of the assays varied between 94.7%
(88.7e97.8) and 100% (96.1e100) in a challenging set of pre-COVID
control samples. Seroconversion occurred within 3 weeks after
onset of symptoms with all assays and on average 2 days earlier for
assays detecting IgG or total Ig anti-N antibodies than for assays
detecting IgG anti-S. The assay detecting both anti-N and anti-S
showed an intermediate time to seropositivity. Our results
demonstrate that commercial automated assays and ELISAs are
suitable for the detection of IgG and total Ig antibodies against
SARS-CoV-2.
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