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ARTICLE INFO ABSTRACT

Keywords: Background: Most SARS-CoV-2 infected patients develop IgG antibodies within 2-3 weeks after symptom onset.
Coronavirus Antibody levels have been shown to gradually decrease in the first months after infection, but few data are
COVID-19 available at six months or later.

SARS-CoV-2

Methods: A retrospective multi-center study was performed using 652 samples of 236 PCR-confirmed SARS-CoV-2
infected patients from 2 Belgian University hospitals. Patients were included if at least two samples were
available (range 2-7 samples); including at least one sample collected 30 days or later after first positive PCR
(range 0-240 days). Of those 236 patients, 19.1 % were classified as mild/asymptomatic (mild) and 80.9 % as
moderate to critical (severe). IgG anti-nucleocapsid antibodies (anti-N) were measured using the Abbott Ar-
chitect immunoassay.

Results: 22.2 % of mild and 2.6 % of severe COVID-19 cases never seroconverted (p < 0.001). Of the mild patients
who seroconverted 0-59 days after PCR; 18.8 %, 40.0 % and 61.1 % were seronegative in the windows 60-119
days, 120-179 days and 180-240 days after PCR, respectively. In severe patients, these numbers were 1.9 %,
10.8 % and 29.4 % respectively (p < 0.05 each). Antibody levels were significantly higher in severe patients
compared to mild patients in each 60 day window (p < 0.001 each).

Conclusions: SARS-CoV-2 anti-N IgG antibody levels steadily decreased after 2 months up to 8 months post PCR.
Of severe COVID-19 patients, 70.6 % remained positive up to eight months after infection. Antibody levels were
significantly lower in mild SARS-CoV-2 infected patients and 61.1 % became seronegative within 6 months after
the first positive PCR.

Longitudinal studies
Immunoglobulin G
Antibodies

1. Background

While almost all moderate to critically ill COVID-19 patients develop
IgG anti-SARS-CoV-2 antibodies within 2 weeks after the onset of
symptoms [1], an estimated 20 % of asymptomatic and mild COVID-19
patients never seroconvert [2]. There are two structural proteins that are
commonly used as target antigens for serological assays, the

nucleocapsid (N) protein, and the spike (S) protein. IgG anti-N anti-
bodies appear on average 2 days earlier than IgG anti-S antibodies [3].

There are reports that peak antibody levels are lower in patients who
had an asymptomatic to mild infection [4]. It has also been suggested
that these patients become seronegative faster with some reports of
rapid decline within 3 months after infection [5,6]. There are, however,
almost no data at 6 months or later. A recent study by Maine et al.

Abbreviations: CE, Conformité Européenne; CI, 95 % confidence interval; COVID-19, Coronavirus Disease 19; CoV, coronavirus; SARS-CoV-2, Severe Acute
Respiratory Syndrome Coronavirus 2; RT-PCR, reverse transcriptase polymerase chain reaction; CMIA, chemiluminescent microparticle immunoassay.
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reported a sensitivity of more than 97 % 4-12 weeks after onset of
symptoms for the Abbott IgG anti-N assay without any significant dif-
ference between patients not requiring oxygen and patients requiring
oxygen [7]. The authors also reported the detection of IgG anti-N anti-
bodies 3-5 months after onset of symptoms in 92 % of COVID-19 pa-
tients, but the number of samples was small (n = 13).

There is significant interest in the long-term kinetics of IgG anti-
SARS-CoV-2 antibodies since these might be an indirect measure of
protection against reinfection [8]. Reinfections with seasonal corona-
viruses have been reported to occur 6-12 months after the first infection
[9]. Several cases of reinfections with SARS-CoV-2 have been reported in
recent months [10,11], although the risk of reinfection appears to be
very low (<0.1 %) up to 4 months after infection based on data from
Qatar [12]. It remains unclear whether the risk for reinfection might
increase in winter 2020-2021 > 6 months after the first COVID-19 peak
in Europe and North-America. Data on antibody levels after 6 months
might help to estimate the remaining level of immunity in patients
infected during the first peak.

The aim of this study was to characterize the IgG anti-N antibody
kinetics up to 8 months after infection and to compare the antibody
response in mild and severe COVID-19.

2. Materials & methods

This retrospective study was performed at the University Hospitals
Leuven and Ghent University Hospital after approval by the local ethics
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committees (S63897 and BC07662). We used 652 leftover samples from
236 individuals (139 men and 97 women). All patients tested positive
for SARS-CoV-2 with RT-PCR. Asymptomatic and mild COVID-19 cases
were considered as “mild patients” since they typically do not require
hospitalization, while moderate, severe and critical COVID-19 cases
were considered as “severe patients” (see online data supplement for
more information on patient classification). Median age was 61 years in
mild (range 24-91) and severe (range 23-92) patients.

IgG anti-N antibody levels were measured using the semi-
quantitative SARS-CoV-2 IgG chemiluminescent microparticle immu-
noassay (CMIA) on Architect i2000SR (Abbott, Lake Forest Illinois)
using serum or lithium heparin plasma, both appropriate sample types
according to the manufacturer’s instructions. A signal/cutoff (S/CO)
value > 1.40 was considered positive.

The percentage of patients who seroconverted was compared using
Fisher’s exact test and 95 % confidence intervals were calculated using
the modified Wald method. Antibody levels were compared using a non-
parametric rank sum test (Mann-Whitney-Wilcoxon). A p-value < 0.05
was considered significant. See online data supplement for information
about data analysis.

3. Results
3.1. Positivity rate

Ten of the 45 mild patients never had a positive sample (22.2 %, [CI:
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Fig. 1. Beeswarm plot of the IgG anti-N results in 191 severe (A) and 45 mild (B) COVID-19 patients. If more than one sample was tested for a patient in the 0-29 or
30-59 day window, only the result from the sample with the highest antibody level was included. If more than one sample was tested for a patient in the other time
windows, only the result from the sample that was collected last was included (n = number of patients).
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12.4-36.5]) compared to only 5 of 191 severe patients (2.6 % [CI:
0.1-6.11) (p < 0.001). The highest proportion of positive samples per
time window was noted 30-59 days after PCR, with 100 % [CL:
93.4-100] of samples from severe patients and 86.4 % [CI: 65.8-96.1] of
samples from mild patients having a S/CO > 1.40 (Fig. 1A and B,
p < 0.05). In mild patients who had a positive sample 0-59 days after
PCR (n = 32); 18.8 % [CI: 5.8-43.8], 40.0 % [CI: 23.3-59.3] and 61.1 %
[CI: 38.5-79.8] became seronegative in the 60-119 days, 120-179 days
and 180-240 days time windows after PCR, respectively. In severe pa-
tients with a positive sample in the first 60-day time window (n = 178),
these numbers were 1.9 % [CI: 0.1-7.1], 10.8 % [CI: 5.0-20.9] and 29.4
% [CI: 18.6-43.1] respectively. No patients who became seronegative
tested positive again in a later time window.

3.2. Long-term antibody kinetics

The median antibody level in severe patients was the highest in the
0-29 day window (S/CO 6.9), followed by a steady decline (Fig. 1A). In
mild patients, the highest median antibody level was observed 30-59
days post PCR (S/CO 4.4), with a declining trend in the subsequent time
windows. The somewhat less smooth decline in mild patients can be
attributed to the smaller number of available specimens.

To compare the long-term antibody response in mild and severe
patients, we statistically compared the antibody levels per 60 day time
window. Antibody levels were significantly higher in severe patients
compared to mild patients in each 60 day time window (p < 0.001 each)
(Fig. 2). While 69.0 % [CI 56.1-79.4] of severe patients were seroposi-
tive 180-240 days after positive PCR, only 33.3 % [CI: 17.8-53.4] of
mild patients were seropositive after 6 months (p < 0.01). Using a cut-
off for a grey zone (0.80 S/CO), 86.2 % [CI: 74.8-93.1] of severe pa-
tients were seropositive compared to 58.3 % [CI: 38.8-75.6] of mild
patients (p < 0.01) (Supplementary Table 1).

4. Discussion

We evaluated the long-term IgG anti-N SARS-CoV-2 antibody
response with the Abbott CMIA assay. We found that 97.4 % of severe
patients became seropositive compared to only 77.7 % of mild patients
and that peak antibody levels in the 60 days post PCR were significantly
lower in mild patients. Antibody levels gradually decreased after 2
months in both mild and severe patients but remained significantly
higher in severe patients. Of seropositive mild patients, 61.1 % became
seronegative within 6 months, whereas 70.6 % of severe patients
remained seropositive up to 8 months post PCR.

Our results confirm earlier reports that a significant number of mild
and asymptomatic patients never seroconvert and, if they do, have on
average lower peak antibody levels than patients with moderate to
critical disease [4,13,14]. The fact that severe patients produce more
antibodies might be attributable to a stronger stimulation of B-cells and
formation of (more) long-lived plasma cells [15]. The apparent lack of a
sustained antibody response against SARS-CoV-2 and other human
coronaviruses has recently been suggested to be attributable to a dys-
regulation of the early humoral response [16].

Although the Abbott IgG anti-N assay does not directly measure
neutralizing antibodies, the results have been shown to correlate with
neutralizing antibody titers and protection against reinfection [17-22].
Neutralizing antibodies are a marker of protective immunity against
SARS-CoV-2 in non-human primates [23], but the required neutralizing
antibody titer for protective immunity in humans is currently unknown
[24]. The fact that 70.6 % of severe patients were still seropositive
compared to less than one third of mild patients after 6 months suggests
that patients who had a moderate to critical infection (typically
requiring hospitalization) during the first wave in spring 2020 might
have a lower risk of (symptomatic) reinfection than patients who had an
asymptomatic to mild infection.

A strength of our study is that it is one of the first studies to describe
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Fig. 2. Median IgG (P25 and P75 as confidence intervals) anti-N antibody
levels after first positive PCR in 191 severe and 45 mild COVID-19 patients. If
more than one sample was tested for a patient in the 0-59 day window, only the
result from the sample with the highest antibody level was included. If more
than one sample was tested for a patient in the other time windows, only the
result from the sample that was collected last was included (n = number of
patients). * p-value <0.001 vs. mild COVID-19 patients.

the immune response beyond 6 months in mild and severe patients.
There are also a number of limitations to our study. First, we did not
study anti-S antibody levels, which might have different antibody ki-
netics and better correlate with protection against reinfection. Second,
we did not perform neutralization assays which provide a more direct
link with protective humoral immunity. Third, the number of asymp-
tomatic and mild SARS-CoV-2 infections was relatively low compared to
the number of moderate to critical patients. Finally, the study design was
retrospective and because we used left-over samples, we did not have a
sample of every patient in every time window.

5. Conclusions

SARS-CoV-2 anti-N IgG antibody levels steadily decreased after 2
months up to 8 months after positive PCR. Of moderate to critical
COVID-19 patients, 70.6 % remained positive up to eight months after
infection. Antibody levels were significantly lower in asymptomatic and
mild SARS-CoV-2 infected patients in every 60 day time window and
61.1 % of these patients became seronegative within 6 months after the
first positive PCR.
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