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Abstract: The developmental course of antibodies produced after a SARS-CoV-2 infection has been
insufficiently investigated so far. Therefore, the aim of this study was to investigate the dynamics
of SARS-CoV-2 antibody levels against the viral nucleocapsid- and spike-protein among Austrian
blood donors as a representative group of a supposedly healthy population within the first year after
a SARS-CoV-2 infection. The impact of age, sex, vaccination status, AB0-blood group and awareness
about the infection was evaluated. Our study shows that the level of anti-N antibodies is declining,
while anti-S antibody levels remain stable. Antibodies detected were functional in vitro. Age, sex
and blood group do not influence antibody dynamics. However, blood group AB shows significantly
lower antibody levels and in vitro functionality compared to other blood groups. Our data reveal that
one out of five individuals was not aware of a previous SARS-CoV-2 infection and that the disease
course neither affects the level of antibody production nor the in vitro functionality. We also found
that 14% of participants show persisting COVID-19-related symptoms for up to nine months. Our
results provide valuable insights into the dynamics of the immune response after a SARS-CoV-2
infection in a representative cohort of adult blood donors in Central Europe.

Keywords: SARS-CoV-2; COVID-19; long-COVID; seroprevalence; antibodies; blood donation; AB0
blood groups

1. Introduction

Since December 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has been a major health issue worldwide. Due to its fast spreading mode, the World Health
Organization (WHO) declared a pandemic state in March 2020 [1]. Despite the availability
of vaccination since the beginning of 2021, several variants of SARS-CoV-2 have recently
led to further pandemic waves [2,3]: In spring 2021, the SARS-CoV-2 variant B1.617.2
spread globally, causing further damage to the already seriously struck health care systems.
Currently governments are trying to prevent further spreading of the even more infectious
variant B.1.1.529 [4].
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SARS-CoV-2 is an enveloped single stranded RNA-virus of zoonotic origin belonging
to the family of beta-coronaviruses. It is the causative agent of coronavirus disease 2019
(COVID-19), which resembles severe acute respiratory syndrome (SARS) and Middle East
respiratory syndrome (MERS) [5,6]. Even though the majority of SARS-CoV-2 positively
tested individuals are either asymptomatic or develop rather mild, flu-like symptoms, an
infection might turn into a serious health problem [7,8]. Furthermore, many individuals
suffer from prolonged symptoms (>35 weeks to recovery [9]) after a SARS-CoV-2 infection,
termed post-acute sequelae of SARS-CoV-2 (PASC) or “long-COVID” [10].

Even though various vaccines against SARS-CoV-2 were proven to be safe and effi-
cient [11,12], frequent cases of vaccine breakthroughs have been reported. [13]. Furthermore,
there is an increasing number of reports concerning the reinfection of people previously
infected with SARS-CoV-2 [14–16]. The actual numbers of SARS-CoV-2 infections are
difficult to estimate due to asymptomatic or mild disease courses. This is a challenge for the
prevention of disease dissemination as infected but pauci-/asymptomatic individuals fur-
ther spread the virus without noticing. Another issue is the longevity of antibodies directed
against SARS-CoV-2. As reviewed in Murchu et al. [17], specific IgG antibodies against
SARS coronavirus, which was endemic in China in 2003, were found up to two years after
an infection. Similar data are available for infections with MERS coronavirus [8,17]. To
date, studies indicate that specific IgG antibodies against SARS-CoV-2 spike-protein are
detectable up to 12 months after an infection [18,19]. A further study estimates antibody
levels associated with protection against reinfection are likely to last up to two years, and
antibody levels protecting against severe reinfection are present for several years [20]. Ob-
taining more data on infection rates and antibody dynamics, taking into account factors that
may influence antibody production, could help to determine more accurate seroprevalence
rates and to examine the developmental course of antibodies produced in more detail. This
could support national authorities and health care systems to make appropriate decisions
to fight the virus dissemination.

Thus, the aims of this study were (i) to investigate the developmental course of SARS-
CoV-2 antibodies directed against the viral nucleocapsid-proteins (N-protein), which are
produced after a SARS-CoV-2 infection only, and (ii) to determine the dynamics and in vitro
functionality of antibodies directed against the viral spike-proteins (S-protein), which are
produced after infection and vaccination. Our study focused on the first year after a SARS-
CoV-2 infection and examined the influence of different factors (age, sex, vaccination status,
AB0 blood group and awareness regarding the infection) on antibody development in blood
donors as a representative group of the supposedly healthy adult Austrian population.

2. Materials and Methods
2.1. Ethical Statement

In this study, human residual serum for routine laboratory diagnostics as conducted
in the course of standard blood donation work-up, according to European and local regu-
lations, was used. All donors of the samples gave signed informed consent on the use of
leftover material for research purposes. For detailed analysis of the developmental course
of SARS-CoV-2 antibodies, blood donors who tested serologically positive for anti-N total
antibodies were invited to take part in this study. The ethical committee of the Federal State
of Salzburg, Austria appraised and waived the study conducted (ethical votum number
1004/2021). The work described has been carried out in accordance with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards. Samples were
processed anonymously to protect privacy of each donor.

2.2. Sample Collection and Study Design

For the determination of the seroprevalence rate of anti-SARS-CoV-2 antibodies, we
studied the serum samples of 51,797 blood donations, which were collected in the course
of voluntary, non-remunerated whole blood donations in the Federal State of Salzburg,
Austria from 5 June 2020 until 31 December 2021. As already described in our previous
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study [21], all donors had a brief health screening and completed a written questionnaire,
including an informed consent on pathogen screening as a standard part of the blood
donation process. No further preselection of sample material was conducted. Concerning
demographics, it is important to note that children (<18 years) and individuals older than
70 years were not included as individuals of these age groups are not admitted to regular
blood donation.

After a positive screening result for SARS-CoV-2 anti-N total antibodies, providing
negative screening for other infectious disease parameters tested (serological and molecular
biological screening for HIV, HBV, HCV, HAV, PB19, Syphilis and WNV as a part of the
standard work-up of each blood donation), the donors were contacted by our study team.
Recruitment of participants started in December 2020. In total, 120 seropositive blood
donors willing to participate could be included in this study after signing informed consent.
Blood samples (2 × 5 mL) were collected 3, 6 and 9 months after the seropositive initial
blood donation, equaling the time span of the first year after a SARS-CoV-2 infection.

2.3. Questionnaires

All individuals included in this study were invited to participate in two online surveys
containing questions concerning the course of the SARS-CoV-2 infection, the vaccination
status, persisting symptoms related to the SARS-CoV-2 infection and other health-associated
issues such as general health status and known comorbidities. These online questionnaires
were to be filled in 3 and 9 months after the initial blood donation. The questionnaires were
administered using Lime Survey (https://www.limesurvey.org, accessed on 2 March 2022).

2.4. Serological Testing

Four different serological screening approaches were applied: The Elecsys Anti-SARS-
CoV-2 (ACOV2) total antibody electrochemiluminescence immunoassay (ECLIA, Roche
Diagnostics, Basel, Switzerland) was applied to screen for SARS-CoV-2 anti-N total antibody
(including IgM, IgG and IgA) using a cobas8000-e801 device (Roche Diagnostics) according
to manufacturer’s instructions. In this semi-quantitative test, a recombinant protein of the
viral nucleocapsid (N) antigen is used to determine antibodies against SARS-CoV-2. The
sensitivity and specificity given by the manufacturer is 100% and 99.81%, respectively. The
results of this screening approach are based on the sample signal to cut-off ratio, with values
<1.0 corresponding to negative results and values ≥1.0 corresponding to positive results.
According to the manufacturer, this screening assay is able to detect but not discriminate
all SARS-CoV-2 variants known so far, including also the variants delta and omicron.

The ECLIA Elecsys Anti-SARS-CoV-2 S (Roche Diagnostics) was conducted on the
cobas8000-e801 and uses the receptor binding domain (RBD) of the spike-protein (S-protein)
of SARS-CoV-2 as target. The sensitivity given by the manufacturer is 98.8%, the specificity
is 99.9%. Results are quantitative and expressed as IU/mL. The cut-off for samples con-
sidered positive is ≥0.80 IU/mL. As stated by the manufacturer 1 IU/mL is equivalent to
0.972 BAU/mL. The Wantai SARS-CoV-2 Ab ELISA (Wantai Biological Pharmacy, Beijing,
China), which uses the RBD as a target too, was performed on the BEP III (Siemens Health
Diagnostics GmbH, Eschborn, Germany) or ETI-Max 3000 (DiaSorin S.p.A., Saluggia, Italy)
platform. As published earlier, the Wantai SARS-CoV-2 Ab ELISA shows a sensitivity
of 98% [22]. The results are expressed as ratios of the cut-off. Ratios greater than 1 are
considered positive.

In order to detect neutralizing antibodies against SARS-CoV-2 that interrupt the
interaction between the receptor binding domain (RBD) of the viral spike glycoprotein with
the human angiotensin converted enzyme 2 (ACE-2) cell surface receptor, the SARS-CoV-2
surrogate virus neutralization test (sVNT) (GenScript, Piscataway Township, NJ, USA)
was used. In brief, this assay tests whether antibodies against SARS-CoV-2 present in the
human serum tested are able to block the protein–protein interaction between a horseradish
peroxidase conjugated recombinant viral RBD protein and the human ACE-2, which is
coated on 96-well plates. Results are expressed as percent signal inhibition (=net OD450

https://www.limesurvey.org
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sample value/OD value of negative control × 100). According to the manufacturer, this
assay shows 100% sensitivity and 100% specificity when compared to plaque reduction
neutralization assay. Signal inhibition ≥30% is considered as positive, indicating that
neutralizing antibodies against SARS-CoV-2 are detected. All values <30% are considered
as negative, indicating that not sufficient neutralizing antibodies could be detected.

2.5. Data Collection and Statistical Analysis

In a primary analysis, the data were summarized descriptively, using counts and
percentages, or medians and interquartile ranges, depending on the scale of the variable.
The initial analysis was performed using the full dataset including all participants with two
complete questionnaire datasets and laboratory data of the 3 pre-specified points in time
(n = 120). In a sensitivity analysis, several subsets of the data stratified according to the
time between the known SARS-CoV-2 infection and initial blood donation were considered.
For assessing statistical significance of between-group differences (e.g., between different
blood groups) and for comparing the antibody dynamics over time between groups (i.e.,
testing for group-time interactions), nonparametric ANOVA-type tests were used. These
tests are implemented in the nparLD package [23] in the statistical software environment
R version 3.5.1 [24]. For comparisons between two groups (e.g., vaccinated yes/no) at
one particular point in time, Wilcoxon-Mann-Whitney test was applied. The reason for
using nonparametric tests is that they are based on ranks and, hence, are more robust in the
case of highly asymmetric distributions and outliers compared to the classical parametric
approaches. Since the list of grouping factors for the between-group comparisons has been
specified in advance, no adjustment for multiplicity was applied. For all statistical tests,
the two-sided significance level was set to 5 percent. All analyses were conducted using
the statistical software R v3.5.1. [24].

3. Results
3.1. Infection-Acquired Natural SARS-CoV-2 Antibodies Are Detectable and Functional In Vitro
for at Least One Year

There were 51,797 regular blood donations screened for SARS-CoV-2 anti-N total
antibody levels between June 2020 and December 2021. This type of antibody is produced
after a SARS-CoV-2 infection but not after a vaccination, which allows discrimination
between vaccinated and unvaccinated individuals. While in June 2020 the seroprevalence
rate was 1.7%, this rate was constantly rising over time and reached 27.4% at the end of
December 2021 (Figure 1).

Figure 1. Seroprevalence rates of blood donations screened positive for SARS-CoV-2 anti-N total
antibodies in Salzburg, Austria. Time is indicated as year-month.

Blood donors who screened positive for SARS-CoV-2 anti-N total antibodies were
invited to participate in the present study. To date, 120 participants have been included,
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with only six individuals reporting known pre-existing conditions (allergic asthma, hyperc-
holesterinaemia, depression, hypothyroidism and hypertension). Therefore, the included
participants represent a supposedly healthy subgroup of the Austrian adult population.

Additional blood samples were taken 3, 6 and 9 months after the initial blood donation
and SARS-CoV-2 anti-N total antibody levels were measured. For statistical analysis, the
participants were divided into three subgroups (Figure 2): Group 1 (n = 12) donated blood
up to 45 days after an infection, while group 2 (n = 64) donated blood 3 months +/− 45
days after an infection with SARS-CoV-2. Participants belonging to group 3 (n = 44) either
did not know about their infection or were not able to give information about the time
of infection. All groups showed significantly declining levels of SARS-CoV-2 anti-N total
antibodies (p = 0.0288 for group 1 and p < 0.0001 for groups 2 and 3, Figure 3A–C). Despite
this decline, almost all study participants showed detectable levels of anti-N antibodies.
Three months after the initial blood donation only one person was screened as negative,
while after 6 months, this was four individuals, and after 9 months, six individuals were
screened negative for SARS-CoV-2 anti-N total antibodies. Due to these similar trends
within subgroups, and since the analysis of the entire sample set (n = 120) also revealed a
significant decline in total anti-N antibodies (Figure 3D), the entire sample was considered
for further analysis.

Figure 2. Study workflow and grouping of study participants. Study participants were asked for
blood samples 3, 6 and 9 months (3 m, 6 m, 9 m) after the initial blood donation (IBD) that was
screened positive for SARS-CoV-2 anti-N total antibodies.

As a next step, we grouped the study participants according to their vaccination
status into two subgroups: unvaccinated (n = 46) and vaccinated (n = 74, at least one
vaccination against SARS-CoV-2, irrespective of the vaccine used). In both groups, the
levels of SARS-CoV-2 anti-N total antibodies were comparable for each point in time
investigated. These antibody levels substantially declined, while the levels of antibodies
against the viral S-protein remained rather stable over time, as demonstrated by IgG ELISA
and quantitative ECLIA (Table 1). As expected, quantitative amounts of SARS-CoV-2
antibodies directed against the viral S-protein are substantially lower for unvaccinated
(35.6 IU/mL 3 months, 42.1 IU/mL 6 months and 69 IU/mL 9 months after the initial blood
donation) than for vaccinated participants (107 IU/mL for 3 months after the initial blood
donation, ≥2500 IU/mL for later points in time). The in vitro functionality of the antibodies
detected was investigated using a surrogate virus neutralization test. As shown in Table 1,
unvaccinated individuals showed a stable median inhibition rate of 61.9% (3 months after
the initial blood donation), 59.8% (6 months after the initial blood donation) and 63.4%
(9 months after the initial blood donation). Even though there was no significant decline
for in vitro functionality over time within the group of unvaccinated, it is important to
note that already 3 months after the initial blood donation, three individuals of that group
showed negative and a further eight individuals borderline results for in vitro functionality.
Nine months after the initial blood donation, these numbers increased to 4 negative and
12 borderline results, indicating a trend towards declining in vitro functionality within
the first year after a SARS-CoV-2 infection. Vaccinated individuals showed substantially
higher in vitro inhibition rates (79.2%, 95.6% and 94.7% over time). None of the vaccinated
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individuals showed negative or borderline results for in vitro functionality for the points
in time investigated.

Figure 3. SARS-CoV-2 anti-N total antibody levels significantly decline but are detectable one year
after an infection. (A–C) The participants were divided into three groups according to the time of
infection and time of blood donation (group 1: 0–45 days post SARS-CoV-2 infection, group 2: 3
months (3 m) +/− 45 days post SARS-CoV-2 infection, group 3: no information about the time of
infection with SARS-CoV-2 available). (D) Decline in anti-N total antibody levels for all 120 study
participants. Data shown are cut-off indices (COI) of SARS-CoV-2 anti-N total antibodies relative to
the baseline signal (=COI value of the initial donation) 3, 6 and 9 months (m) after the initial blood
donation. p = p-value for time trend.

Table 1. Serological examination 3, 6 and 9 months after blood donation. Four different measurements
were performed: SARS-CoV-2 anti-N total antibody screening, IgG ELISA and a quantitative ECLIA
(both anti-S) and a surrogate virus neutralization test (sVNT). Data shown are median values with
interquartile range for unvaccinated and vaccinated study participants. * Upper limit of the dynamic
range of the applied ECLIA.

Time
(Months after

Donation)

SARS-CoV-2
Anti-N Total

Antibody Assay
ECLIA (COI)

Anti-SARS-CoV-2
IgG ELISA (Ratio

Value)

Anti-SARS-CoV-2
Quantitative

ECLIA (IU/mL)

Anti-SARS-CoV-2
sVNT

(Inhibition in %)

Assay directed against viral
N-protein S-protein S-protein S-protein

UNVACCINATED (n = 46)
3 months 26.2 (9.5–104.0) 18.3 (15.1–20.6) 35.6 (15.2–103.0) 61.9 (49.2–79.6)
6 months 14.8 (5.3–39.1) 17.1 (16.6–18.7) 42.1 (21.7–118.0) 59.8 (45.8–79.9)
9 months 12.0 (3.7–47.0) 18.4 (17.4–21.0) 69.0 (28.4–209.0) 63.4 (42.7–81.4)

VACCINATED (n = 74)
3 months 38.8 (13.0–99.3) 17.2 (15.7–19.8) 107.0 (37.2–1674.0) 79.2 (58.4–95.5)

6 months 20.7 (6.2–47.7) 17.7 (16.9–18.9) ≥2500.0 *
(698.0–≥2500.0 *) 95.6 (93.8–96.2)

9 months 10.3 (3.8–39.1) 18.4 (18.3–21.0) ≥2500.0 *
(1324.0–≥2500.0 *) 94.7 (94.1–95.6)



Viruses 2022, 14, 637 7 of 15

3.2. The Decline in Anti-N Antibodies Is Independent of Sex and Age

We analysed the influence of sex and age on the development of total anti-SARS-CoV-2
antibody levels directed against the viral N-protein. Our data did not reveal any significant
dependence on sex (p-value between women and men over time = 0.5013, Figure 4A) or
age (p-value over time = 0.2768, Figure 4B).

Figure 4. Decline in SARS-CoV-2 anti-N total antibody levels is not significantly dependent on
sex or age. (A) No significant difference could be observed between women (n = 56) and men
(n = 64) regarding antibody dynamics over time (3, 6 and 9 months (m) post initial blood donation).
(B) Analysis according to different age groups (age 18–25: n = 15; age 26–35: n = 27; age 36–45: n = 23;
age 46–55: n = 33; age 56+: n = 22) revealed no significant differences over time. Data shown are
cut-off indices (COI) of SARS-CoV-2 anti-N total antibodies relative to the baseline signal (=COI value
of the initial blood donation).

3.3. Blood Group AB Shows Significantly Lower Levels and In Vitro Functionality
of SARS-CoV-2 Antibodies

The distribution of AB0 blood groups among the participants of the present study re-
flects the normal AB0 blood group distribution in Austria (according to the Austrian Red
Cross, https://www.roteskreuz.at/blutspenden/wissenswertes-zum-blut?gclid=EAIaIQobC
hMIj_2wz4rm9QIVwwyLCh0-4wjZEAAYASAAEgI0s_D_BwE, accessed on 15 February 2021)
and is as follows: blood group A (n = 54, 45%), blood group B (n = 9, 7.5%), blood group 0
(n = 50, 41.7%) and blood group AB (n = 7, 5.8%). Overall, blood group AB donors showed
significantly lower levels of anti-N antibodies compared to other blood groups (p = 0.0335)
(Figure 5A). We also observed substantially lower concentrations of antibodies directed against
the viral S-protein in blood group AB 3 months after the initial blood donation (Figure 5B). This
effect disappeared over time, which can be explained by rising vaccination rates (3 months
after the initial blood donation: 2/7 AB blood donors were vaccinated, 9 months post initial
blood donation: 5/7 were vaccinated). Our data further reveal that the in vitro functionality
of the antibodies is substantially lower 3 months after the initial blood donation for blood
group AB (Figure 5C). Again, this effect disappeared for later points in time, most likely due
to vaccination.

https://www.roteskreuz.at/blutspenden/wissenswertes-zum-blut?gclid=EAIaIQobChMIj_2wz4rm9QIVwwyLCh0-4wjZEAAYASAAEgI0s_D_BwE
https://www.roteskreuz.at/blutspenden/wissenswertes-zum-blut?gclid=EAIaIQobChMIj_2wz4rm9QIVwwyLCh0-4wjZEAAYASAAEgI0s_D_BwE
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Figure 5. Influence of AB0 blood groups on SARS-CoV-2 antibody dynamics 3, 6 and 9 months after
the initial blood donation. (A) Blood group AB shows significantly lower cut-off indices (COI) for
anti-N overall compared to other blood groups (p = 0.0335). Data shown are COI of SARS-CoV-2
anti-N total antibodies relative to baseline signal. (B) Blood group AB shows substantially lower
levels of anti-S antibodies 3 months post initial blood donation and (C) lower in vitro functionality
of antibodies three months post initial blood donation. Data shown are antibody concentrations in
IU/mL for (B) and inhibition rates given in percent for (C).

3.4. Asymptomatic and Symptomatic COVID-19 Disease Course Leads to a Similar
Antibody Response

We further examined whether study participants were aware of their SARS-CoV-
2 infection and found that 19% of all infections were unnoticed, indicating either an
asymptomatic or a rather mild disease course with symptoms not being assigned to a
SARS-CoV-2 infection (Figure 6A). Comparing anti-N total antibody dynamics of noticed
and unnoticed disease course, no significant difference was observed (Figure 6B). The anti-S
antibody titres were also comparable (Figure 6C). Furthermore, the in vitro functionality of
antibodies directed against SARS-CoV-2 was similar in both groups (Figure 6D).

3.5. COVID-Related Symptoms Last up to 9 Months in Healthy Blood Donors

A symptomatic SARS-CoV-2 infection was reported by 81% of our study participants.
None of them reported hospitalization. Symptoms reported were headache (16%), hypos-
mia (16%), body aches (13%) and dysgeusia (12%), followed by cough and fever (both 10%).
A total of 6% experienced a sore throat, 4% suffered from shortness of breath and issues
concerning the GI-tract, and 9% of the study participants stated other symptoms such as
fatigue, rhinitis and back pain (Figure 7).
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Figure 6. Asymptomatic and symptomatic COVID-19 disease course induces comparable antibody
levels and in vitro functionality. (A) In total, 19% of SARS-CoV-2 infections were unnoticed. (B) Total
anti-N antibody levels show comparable levels and decline over time for both types of disease course.
(C) Quantitative analysis reveal similar concentrations for anti-S antibodies. (D) The in vitro function-
ality of anti-SARS-CoV-2 antibodies over time is comparable after asymptomatic and symptomatic
disease course. Data shown are cut-off indices (COI) of SARS-CoV-2 anti-N total antibodies relative
to baseline signal for (A), anti-S antibody concentration in IU/mL for (B) and in vitro inhibition rates
given in percent for (C).

Figure 7. Symptoms experienced by blood donors during a symptomatic SARS-CoV-2 infection.
Most commonly reported symptoms are shown on the left, other symptoms experienced are listed on
the right.

While Taquet et al. [10] reported 30% long-COVID symptoms among COVID-19
patients, 18% of our study participants who noticed the infection still showed symptoms 3
months post initial blood donation: Eight individuals reported hyposmia or dysgeusia, four
noticed a shortness of breath and a further three suffered from fatigue. Other symptoms
reported were chest pain and nasal congestion (two individuals) and headache, body aches
and cough (one person each). Nine months post initial blood donation, equalling about
one year after the infection with SARS-CoV-2, 14% of the study participants still reported
symptoms due to COVID-19, with the main health issues being hyposmia and dysgeusia
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(eight individuals), shortness of breath (five participants) and fatigue (three participants)
(Figure 8). We also asked asymptomatic participants, who did not notice their infection,
whether they had had, or had still, symptoms they would assign to a SARS-CoV-2 infection.
None of them reported any symptoms for any point in time.

Figure 8. Long-term COVID-19-related symptoms among blood donors. (A) Three months after
blood donation, 18% of the study participants reported suffering from symptoms related to a previous
SARS-CoV-2 infection. This number decreased to 14% nine months after the initial blood donation (B).

4. Discussion

The screening for SARS-CoV-2 anti-N total antibodies of 51,797 Austrian blood dona-
tions revealed a constantly rising seroprevalence rate, starting from 1.7% in June 2020 and
peaking at 27.4% in December 2021. These data reflect the actual infection numbers with
SARS-CoV-2 among supposedly healthy individuals at the age of 18–70 years in Salzburg,
Austria, as screening for infection-acquired antibodies was conducted. This method further
allowed the screening for all variants of SARS-CoV-2 known so far but not their discrimina-
tion as, to date, mutations mainly affect the viral S-protein. The data obtained in this study
reflect the infection-induced seroprevalence rates found for blood donors in many European
countries as reviewed by Vaselli et al., [25], but also other countries with comparable health
care systems such as the USA [26] and the UAE [27]. Blood donors positively screened
for naturally acquired SARS-CoV-2 anti-N total antibodies were invited to participate in
the present study. Even though we observed declining levels of anti-N antibodies within
the first year after an infection, these antibodies were still detectable in 95% of our study
participants 9 months after the initial blood donation (114 of 120 participants). A similar
decline in anti-N antibodies within the first year after an infection was also observed in
other studies investigating healthcare workers and COVID-19 patients [28–30].

Vaccinated as well as unvaccinated individuals showed significantly declining levels
of naturally acquired SARS-CoV-2 anti-N antibodies, while anti-S levels remained stable
for the time observed. While in March 2021, 25% of the study participants had at least
one vaccination against SARS-CoV-2, in September of the same year, 63% were already
vaccinated at least once. Study participants were assigned to the group of vaccinated
as soon as they had a vaccination against SARS-CoV-2 and irrespective of the vaccine
used. Therefore, some individuals of the vaccinated group might not have been vaccinated
3 months post initial blood donation or, even though already vaccinated, might not have
had experienced a full immune response to the vaccination at the time the blood samples
were drawn. This may explain lower values of anti-S antibodies observed within the group
of vaccinated participants and similar in vitro functionality compared to unvaccinated
3 months post initial blood donation compared to later points in time.
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Our data support several other studies demonstrating that there is no sex-related
impact on the SARS-CoV-2 seroprevalence rate, as reviewed by Vaselli et al. [25] and
Lai et al. [31]. Furthermore, our data are in line with the study from Xiang et al. who
showed that the decline in SARS-CoV-2 antibody levels against the viral N-protein in
hospitalized patients is independent of sex and age [32].

There are several studies indicating that the AB0 blood group might be an important
factor regarding an infection with SARS-CoV-2 [33–35]. Concerning the infection risk,
contradictory results are available: While some studies show a significantly lower infection
risk for blood group 0 [36–41], others show no specific infection risk for any AB0 blood
group [21,42,43]. Different cohort groups studied might explain discrepant results: While
those studies documenting a lower infection risk for blood group 0 mainly focus on patients
with severe disease course, studies indicating no difference focus on cases of rather mild
disease course. However, there is growing evidence that blood group 0 has a lower risk for
severe disease course [39,44]. Furthermore, AB individuals were demonstrated to have a
higher risk for a SARS-CoV-2 infection [35,45], severe disease course including the necessity
of ventilation [33,34] and increased mortality [33] compared to other AB0 blood groups.

Interestingly the data of our study revealed significantly reduced SARS-CoV-2 anti-N
total antibody levels for blood group AB within the first year of infection. A similar effect
was observed for anti-S antibody concentrations and in vitro functionality.

A possible explanation for the specific role of blood group AB could be that anti-A
and anti-B antibodies may support virus clearance: It was demonstrated for SARS that
virus particles can be glycosylated by the A-variant of AB0 glycosyltransferases, allowing
anti-A antibodies to neutralize the glycosylated viral particles [46]. As speculated by
Barnkob et al. [47], this could also be the case for SARS-CoV-2. Deleers et al. recently
showed that recombinant SARS-CoV-2 S-protein is tagged with A- or B-antigens in vitro.
The authors suggest that infectious SARS-CoV-2 particles might be tagged as well, thus
supporting virus clearance [48]. These findings might explain a certain kind of protection
for individuals with blood group 0 and an elevated risk for AB individuals.

It is important to note that, even though the AB0 blood group distribution in the
present study reflects the normal AB0 blood group distribution among Austrian blood
donors, the number of AB individuals analysed in our study is small. Further examination
is required to corroborate our results.

Another interesting finding of our study is that 19% of the participants did not know
about their previous SARS-CoV-2 infection. Our findings are in line with the calculation-
based analytical study conducted by Johansson et al. who estimated that 24% of all
infections are asymptomatic [49]. Our data further reveal no significant differences con-
cerning the developmental course of anti-N and anti-S antibodies and in vitro antibody
functionality between noticed and unnoticed infections. This is in contrast to the study
conducted by Lynch et al. who demonstrated that SARS-CoV-2 antibody responses were
significantly higher in patients with a severe compared to a milder disease course [50].
Another study showed that as well as severity of disease course, specific COVID-19 symp-
toms, namely fever, body aches and low appetite, might go along with a higher antibody
response [51]. However, a direct comparison of those studies with our data is difficult as
participant cohorts differed substantially with regard to symptoms and disease course.
While in our study relatively healthy individuals were included, the other studies focused
on critically ill COVID-19 patients, including also individuals with severe disease course
up to ventilation. In addition, other factors such as sample size, detection methods applied
and different points in time for measurements might lead to discrepant findings.

Providing that the infection was noticed, our study participants reported symptoms
that are considered typical for a SARS-CoV-2 infection [7,52–54]. Even though the disease
course of our participants was rather mild, some described long-lasting symptoms up
to nine months post infection. Taquet et al. reported in their study that one out of three
patients shows at least one symptom of long-COVID up to 6 months after the diagnosis [10].
This rate was corroborated by data of two further studies [55,56]. The risk for long-COVID
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appears to be higher in patients who suffered from a more severe COVID-19 illness [10].
However, our data and the studies from Gold et al. [55] and Logue et al. [56] indicate that
individuals with a rather mild disease course can also be affected by long-COVID.

The present study has several strengths but also some limitations: The analysed
sample size of 51,797 allows a reliable calculation of the seroprevalence rate for anti-N
antibodies over time. Our study spans pre- and post-vaccination points in time and
focuses on the dynamics of anti-N antibody levels, thus allowing the determination of
seroprevalence rates independent of vaccination status and irrespective of currently known
virus variants. Furthermore, our study participants donated blood samples at defined
points in time, allowing us to follow the developmental course of antibody formation
accurately. However, as children, young persons (<18 years of age), the elderly (>70 years)
and adults with severely impaired health status, who are not eligible for regular blood
donation, are excluded, the data cannot be extrapolated to the whole population. The
developmental course of anti-N antibody levels might be different for other age groups and
people with impaired health. Furthermore, it should be mentioned that people with severe
long-COVID symptoms might not be healthy enough to donate blood. Thus, our data
might underestimate the numbers of people suffering from prolonged symptoms after a
SARS-CoV-2 infection. Even though not reported yet, we cannot completely exclude pauci-
/asymptomatic reinfections in the course of our study, which might influence antibody
dynamics. Although our data reveal detectability and in vitro functionality for the first
year after a SARS-CoV-2 infection, it is not clear whether the longevity of antibodies is
comparable to other types of coronaviruses. Thus, to date, our study is still going on with
the aim to investigate SARS-CoV-2 antibody dynamics for up to 36 months.

5. Conclusions

In conclusion, our study shows that infection-acquired SARS-CoV-2 anti-N antibody
levels are declining, but they are detectable one year after a SARS-CoV-2 infection, while
anti-S levels remain stable. Antibodies detected were functional in vitro within the first
year post infection. We also demonstrate that blood group AB shows significantly lower
levels and in vitro functionality of SARS-CoV-2 antibodies. Our study further indicates that
an asymptomatic and symptomatic COVID-19 disease course lead to a similar antibody
response. Based on the investigation of more than 50,000 samples, these results provide
valuable insights into the dynamics of the immune response after a SARS-CoV-2 infection
in a representative cohort of adult blood donors in Central Europe.
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