Clin Chem Lab Med 2021; 59(2): e49–e51

Letter to the Editor
Anna Schaffner, Lorenz Risch, Myriam Weber, Sarah Thiel, Katharina Jüngert, Michael Pichler,
Nadia Wohlwend, Thomas Lung, Michael Ritzler, Dorothea Hillmann, Sandra Copeland,
Harald Renz, Matthias Paprotny and Martin Risch*

Sustained SARS-CoV-2 nucleocapsid antibody
levels in nonsevere COVID-19: a population-based
study
https://doi.org/10.1515/cclm-2020-1347
Received September 3, 2020; accepted October 27, 2020;
published online November 19, 2020

Keywords: antibody; coronavirus; COVID-19; kinetics;
SARS-CoV-2.

To the Editor,
Antibodies against the receptor-binding domain (RBD) of
SARS-CoV-2 spike (S) protein are known to decay rapidly in
patients with mild COVID-19 [1]. Titers of these antibodies
have a strong correlation with virus neutralization titer [2].
Serological testing of SARS-CoV-2 antibodies cannot reliably recognize COVID-19 in the acute phase [3]. Therefore,
antibody testing in the clinical and epidemiological setting
is currently and primarily performed to evaluate whether a
patient had COVID-19 in the past rather than to determine
whether an individual with antibodies has protective immunity against future COVID-19 infection [2, 4]. Commercially available tests detect antibodies of different antibody
isotypes (i.e., total antibodies, IgG, IgA, or IgM) directed
against various antigenic targets (i.e., spike protein (S) and
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nucleocapsid antigen (N)) [4]. Speciﬁc IgM have been
shown to increase from day 0 to 17 and then gradually
decrease from day 18 to 62 [4, 5]. However, it is not known
whether rapid decay of the SARS-CoV-2 antibodies directed
against the RBD of the S protein can be extrapolated to
other assays and beyond 90 days of symptom onset [1, 6, 7].
In the present analysis, we aimed to investigate the
longitudinal course of antibody levels of various isotypes
against S protein or N antigen in a population-based
cohort, which included all 95 confirmed COVID-19 cases
diagnosed during the first wave of the pandemic in the
Principality of Liechtenstein, a European country with
38,749 inhabitants [8]. The ﬁrst case was diagnosed in
Liechtenstein on March 2, 2020, and after the last patient of
the ﬁrst wave (April 23, 2020), there were no further cases
for almost 10 weeks (i.e., July 3) despite an extensive use of
PCR tests with the results rapidly and reliably available
within 24 h. The ﬁrst follow-up serological test at a median
of 48 days (interquartile range, IQR [43, 52]) after the
symptom onset was performed in 89 patients. A second
follow-up serological test was performed in 83/95 patients
at a median of 140 days (IQR [133, 144]) after the symptom
onset. Clinically, patients were contacted on average every
48 h until resolution of the symptoms. A detailed description of the ﬁrst wave of the pandemic in Liechtenstein is
provided in reference [8]. A single 94-year-old patient died
two weeks after the symptom onset; eight out of 95 patients
did not provide consent for one or two serological followup tests, and four patients were lost after the ﬁrst serological follow-up test leaving a total of 82 patients included
in the present analysis (86% of all COVID-19 national cases
diagnosed during the ﬁrst wave in the whole country). The
study protocol was veriﬁed by the Kantonale Ethikkommission Zürich (BASEC-Number 2020-00676), and the
study participants provided written informed consent.
Conduct of the study complied with the World Medical
Association Declaration of Helsinki. The following laboratory tests were used: anti-N SARS-CoV-2 total antibody
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electrochemiluminescence immunoassay (ECLIA, Elecsys)
using a COBAS 6000 instrument (Roche Diagnostics,
Rotkreuz, Switzerland; manufacturer’s cutoff index, COI,
for positive result ≥1), anti-N SARS-CoV-2 IgG chemiluminescent microparticle immunoassay (CMIA) using an Architect i2000 analyzer (Abbott Diagnostics, Baar,
Switzerland; manufacturer’s signal to cutoff ratio, S/C, for
positive result ≥1.4), and anti-S-SARS-CoV-2 IgG and IgA
enzyme-linked immunosorbent assay (ELISA; Euroimmun
AG, Luzern, Switzerland; manufacturer’s signal to cutoff
ratio, S/C, for positive result ≥1.1) using a Dynex DSX
platform (Dynex Technologies, Denkendorf, Germany).
The interseries coefﬁcients of variation (CVs) were 7.1% for
the anti-SARS-CoV-2 total antibody ECLIA (with mean COI
of 26.6), 1.1 % for the anti-N SARS-CoV-2 IgG CMIA (with
mean S/C of 4.7), 7.8% for the anti-SARS-CoV-2 IgG ELISA
(with mean S/C of 2.67), and 8.6% for the anti-SARS-CoV-2
IgA ELISA (with mean S/C of 2.54). Wilcoxon signed rank
test was used to evaluate antibody kinetics between the
ﬁrst and second antibody tests. Proportions were compared
by chi-square test. Statistical analysis was performed using
Medcalc version 18.3.11 (Medcalc software bvba, Ostend,
Belgium).
Supplementary Table 1 illustrates the clinical characteristics of the 82 enrolled patients, COVID-19 was
conﬁrmed by RT-PCR in all patients. Figure 1 demonstrates
the kinetics of antibody levels determined by various
antibody tests. In agreement with the data of Ibarrondo
et al., the SARS-CoV-2 S-protein IgG titers were signiﬁcantly
decreased after the ﬁrst follow-up (median signal to cutoff
ratio, S/C, 3.2 IQR [1.8, 4.8] to 2.2 IQR [1.4, 3.4], p<0.0001)
[1]; a similar pattern was detected for SARS-CoV-2 S-protein
IgA (S/C, 2.2 IQR [1.2, 3.7] to 1.5 IQR [0.8, 2.6]; p<0.001) and
for SARS-CoV-2 N-antigen IgG (S/C 4.2 IQR [2.9, 7.4] to 1.8
IQR [1, 3.9], p<0.0001). In contrast, the SARS-CoV-2
N-antigen total antibody levels did not change signiﬁcantly
between the ﬁrst and second follow-up median cutoff index, (COI, 46.2 IQR [20, 88.8] to 41.5 IQR [19, 99.2], p=0.32).
The proportion of positive samples at first and second
follow-up was calculated in the case of various antibody

Figure 1: Longitudinal assessment of anti-SARS-CoV-2 antibodies
using four various assays.
Patients with increasing antibody levels are shown in blue,
decreasing antibody levels are given in green, whereas unchanged
antibody levels are shown in orange color. (A) SARS-CoV-2 N-antigen
total antibody. (B) SARS-CoV-2 N-antigen IgG. (C) SARS-CoV-2
S-protein IgG. (D) SARS-CoV-2 S-protein IgA. The data in panels
(B, C and D) show significant kinetics (p<0.0001) in contrast to the
data of panel (A). In panel (D) a datapoint taken on day 43 after
symptom onset with an S/C-value of 32.4 is not shown.

tests. This proportion corresponds to diagnostic sensitivity
of various antibodies to indicate previous COVID-19
infection. The sensitivity of SARS-CoV-2 N antigen total
antibody at ﬁrst follow up after median 48 days and second
follow-up at 140 days at the manufacturers’ cut-offs of the
different antibodies is shown in Table 1. There is no statistically signiﬁcant difference in sensitivity at the two
timepoints for SARS-CoV-2 N antigen total antibody,
SARS-CoV-2 S protein IgG, and SARS-CoV-2 S protein IgA.
The sensitivities of the SARS-CoV-2 N-antigen IgG,

Table : Sensitivities of for SARS-CoV- N antigen total antibody, SARS-CoV- N-antigen IgG, SARS-CoV- S protein IgG, and SARS-CoV- S
protein IgA at median  and  days after symptom onset is shown. The difference in sensitivity is signiﬁcant for SARS-CoV- N-antigen IgG
(p=.).
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CI, confidence interval; IgG, immunglobulin G; IgA, immunoglobulin A.
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however, differ between the two timepoints (p=0.002). If
lower cut-offs than those provided by the manufacturers
are used, higher sensitivities of the isotype speciﬁc assays
could be expected and the time dependency of test performance could be less pronounced [9].
Overall, different patterns of antibody kinetics depend
on the target antigen and antibody isotypes. IgA and IgG
against the SARS-CoV-2 S-protein show a decrease; however, the total antibody levels directed against the
SARS-CoV-2 N-antigen remain stable despite a decrease in
SARS-CoV-2 N-antigen IgG. The levels of SARS-CoV-2
N-antigen total antibody may be due to sustained response
of non-IgG antibody isotypes, which requires confirmation
in additional studies. When looking in detail at the antibody
level, a non-significant decline can be seen. Alternatively,
the non-significant SARS-CoV-2 decline of N-antigen total
antibody levels may thus also be explained with a type II
error due to limited sample size or a slower decline of total
antibody levels. In conclusion, the levels of SARS-CoV-2
N-antigen total antibody, unlike SARS-CoV-2 S-protein IgG
and IgA and SARS-CoV-2 N-antigen IgG levels, are suitable
for reliable detection of past COVID-19 infection of mild to
moderate severity for up to five months after the symptom
onset. Patients with severe COVID-19 and asymptomatic
SARS-CoV-2 positive persons were not investigated in the
present study. Currently, it is not known whether the sustained SARS-CoV-2 N-antigen total antibody response persists in asymptomatic SARS-CoV-2 positive persons, beyond
140 days and whether these antibody levels indicate protective immunity or only provide evidence for past recovery
from COVID-19.
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