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Abstract

The infection with Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) frequently causes a broad range of long-lasting
symptoms. This condition, termed long-COVID, influences everyday life of affected individuals in many ways and causes a high economic
burden. There is urgent need to obtain better understanding of the risk factors that contribute to the development of long-COVID. Aim
of this study was to investigate the long-COVID rate of supposedly healthy adults during different phases of the pandemic. Therefore,
71,670 blood donations were screened for SARS-CoV-2 total anti-N antibodies between 5" June 2020 and 30" November 2022. 351
individuals could be recruited for our study to monitor long-COVID symptoms and their duration. Despite immense worldwide efforts to
stop virus dissemination, our data reveal a constantly rising SARS-CoV-2 anti-N seroprevalence rate in Salzburg, Austria, peaking at
84.9% in October 2022. In addition, our data demonstrate varying rates of long-COVID in the course of the pandemic. While long-COVID
rates were about 20% for the time span between March 2020 and August 2021, long-COVID was reported by 12% for infections from
September 2021 to August 2022. This could be attributed to different virus variants, but also to increasing vaccination rates. We further
found that long-COVID symptoms decline over time: while 18% of our study participants described persisting symptoms 3 months after
the seropositive blood donation, 14% reported persisting symptoms 9 months afterwards and 3% after 18 months. In conclusion, our data
reveal that long-COVID symptoms may persist for more than a year after a SARS-CoV-2 infection and that long-COVID rates are varying

in the course of the SARS-CoV-2 pandemic.
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Introduction

Since the first reported outbreak of Corona Virus Disease 2019
(COVID-19) in Wuhan, China several variants of the causative agent
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
have been registered. Virus variants that were connected to significant
situational changes on a global public health level based on features
such as increased contagiousness and aggravated clinical picture were
declared “Variants of Concern” (VOC) [1]. After the wild type, five
variants of SARS-CoV-2 have been declared to be VOC by the World
Health Organization (WHO), causing remarkable health-associated,
economic and social issues: alpha and beta (both since December 2020),
gamma (since January 2021), delta (since May 2021) and the currently
circulating omicron variant (since November 2021) [2]. According to the
Austrian agency for health and food safety, all SARS-CoV-2 virus types
were found in Austria as well, with only few cases of gamma infections.
(https://www.ages.at/mensch/krankheit/krankheitserreger- von-a-bis
-z/coronavirus#c12422, accessed 02.12.2022).

The infection with SARS-CoV-2 frequently leads to late and long-
term health issues, which are termed Post COVID-19 Syndrome (PCS),
Post-Acute Sequelae of COVID-19 (PASC) or long-COVID. Long-
COVID is defined by the World Health Organisation (WHO) as a
health condition that usually occurs three months from the onset of
COVID-19 with symptoms that last for at least two months and cannot
be explained by an alternative diagnosis [3]. It is found both among

patients that were hospitalized due to a severe disease course demanding
intensive medical treatment and those presenting rather mild symptoms
or even an asymptomatic course [4,5]. Symptoms characterizing long-
COVID cover a broad range and feature respiratory, psycho-cognitive
and physical fatigue-associated symptoms, among others [6-8].

The prevalence of long-COVID varies among different studies
with estimates ranging from 5% to 50% [9-12]. According to recent
publications, incidence, clinical picture and duration of long-COVID
seem to differ depending on the causative virus variant: One study
reports higher long-COVID rates for individuals infected with the
wild type virus compared to individuals infected with the delta
variant [13]. Another study describes lower long-COVID rates for the
omicron variant [14]. Furthermore, it was found that the infection with
SARS-CoV-2 variants may induce different long-COVID phenotypes
displaying characteristic sets of symptoms with shortness of breath
and chronic fatigue being common symptoms for all long-COVID
patients [15]. Long-COVID is a matter of ongoing investigation and
immense efforts are invested identifying the cause for this persisting
health issue, putative treatment options and constant adjustments of
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official case numbers. Nevertheless, it is clear due to the sheer number
of reported cases that long-COVID creates a substantial amount of
chronic patients, causing multidimensional burden to the individuals
affected, but also to economic and health systems worldwide. This
poses an urgent need for better understanding of factors increasing
the risk of the development of long-COVID. For an insight concerning
the rather healthy adult population, we investigated blood donors as a
representative group and observed the rate of long-COVID throughout
the different pandemic waves.

Materials and Methods

Study design

The seroprevalence rate of SARS-CoV-2 total anti-N antibodies
was determined by screening the serum samples of 71,670 voluntary,
non-remunerated whole blood donations collected in Salzburg, Austria
from 5% June 2020 until 30" November 2022. As already described in
our previous studies [16,17], prior to donation all blood donors had a
health screening and completed a written questionnaire, including an
informed consent on pathogen screening as a standard part of the blood
donation process. Children and teenagers (<18 years) and persons
older than 70 years were not included, as individuals of these age groups
are not admitted to regular blood donation. No further preselection of
sample material was done. For a more detailed examination regarding
the course of the SARS-CoV-2 infection, SARS-CoV-2 anti-N
seropositive blood donors were invited to participate in our study. After
signing informed consent, 351 SARS-CoV-2 seropositive blood donors
willing to participate could be included in this study so far. Blood
samples of study participants were collected 3, 6, 9 and 18 months
after the initial seropositive blood donation, spanning the time of the
first two years after a SARS-CoV-2 infection. In addition, the course
of the SARS-CoV-2 infection and putative persisting symptoms (long-
COVID) of each participant were monitored using online surveys.

Serological SARS-CoV-2 total anti-N screening

The Elecsys Anti-SARS-CoV-2 (ACOV2) total antibody
Electrochemiluminiscence Immunoassay (ECLIA, Roche Diagnostics,
Basel, Switzerland) was used for the screening of SARS-CoV-2 anti-N
total antibody (including IgM, IgG and IgA) on a cobas 8000-e801
device (Roche Diagnostics) according to manufacturer’s instructions.
In this semi-quantitative assay, a recombinant viral Nucleocapsid (N)
protein is used as antigen to determine antibodies against SARS-CoV-2
present in serum of blood donors and study participants. The results of
this screening approach are based on the signal to cut-off ratio (values
<1.0=negative result, values > 1.0=positive result). According to the
manufacturer, this assay detects but does not discriminate all known
SARS-CoV-2 variants so far.

Online surveys

In addition to donated blood samples, all participants were asked
to fill in online surveys including questions regarding the course of the
SARS-CoV-2 infection, persisting symptoms, potential vaccination,
SARS-CoV-2 reinfection and other health-associated issues (e.g.
general health status and known comorbidities). These online surveys
were to be completed 3, 9 and 18 months after the initial seropositive
blood donation. The surveys were administered using Lime Survey
(https://www.limesurvey.org).

Data analysis

Data were summarized descriptively, showing number of cases in
percentages. The analysis concerning long-COVID rates was done using
the full dataset including all participants who were willing to fill in the

survey completely. 257 study participants provided a point in time for
the infection with SARS-CoV-2. For the analysis of long-COVID over
the time span of about 20 months after the first SARS-CoV-2 infection,
study participants filling in all three online surveys completely by the
end of November 2022 were included (n=120).

Results and Discussion

SARS-CoV-2 anti-N seroprevalence rates peak in October
2022

Despite immense efforts worldwide to stop virus dissemination
including lock downs, social distancing and vaccination, our screening
for SARS-CoV-2 anti-N total antibody of 71,670 voluntary blood
donations in Salzburg, Austria revealed constantly rising seroprevalence
rates between June 2020 and October 2022. It is important to note
that anti-N antibodies are produced after an infection only, but not
after vaccination. Thus, this screening approach monitors infected
individuals only, irrespective of their vaccination status. The highest
seroprevalence rate for SARS-CoV-2 anti-N detected was 84.9% in
October 2022 (Figure 1).
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Figure 1: Monthly seroprevalence rates of blood donations screened positive
for SARS-CoV-2 anti-N total antibodies in Salzburg, Austria between June
2020 and November 2022. Note: (---) Brackets indicate time spans of
different spreading virus variants according to John Hopkins University https://
coronavirus.jhu.edu/region/austria and the Austrian agency for health and food
safety https://www.ages.at/mensch/krankheit/krankheitserreger-von-a-bis-z/
coronavirus#c12422, both accessed 02.12.2022, (w) Monthly seroprevalence
rates.

Anti-N SARS-CoV-2 positive blood donations (in %)

Long-COVID rates are declining in the course of the pandemic

SARS-CoV-2 anti-N total antibody seropositive blood donors were
asked to participate in our study. As all blood donors have a brief health
screening prior donation and have to fulfill certain health-associated
requirements prescribed by national and international authorities to be
admitted to donate blood, the included study participants represent a
supposedly healthy subgroup of the Austrian adult population. To date,
351 participants could be included with 257 individuals being able to
provide the time of the SARS-CoV-2 infection. It is important to note
that our study cohort mainly consists of individuals that experienced
a rather mild course of SARS-CoV-2 infection, as no hospitalization
due to COVID-19 was reported and they donated blood within 45
days on average after an infection [17]. For the current analysis,
participants were grouped into four subgroups depending on the time
of infection and thus depending on the virus variant spreading most
dominantly in Austria at the particular point in time (Figure 1, based
on public data from the Austrian agency for health and food safety,
https://www.ages.at/mensch/krankheit/krankheitserreger-von-a-bis-z/
coronavirus#c12422, accessed 02.12.2022). Groupl: SARS-CoV-2 wild
type infection between 06/2020 and 12/2020 (SARS-CoV-2, n=146),
group 2: infection between 01/2021 and 06/2021 (most widespread
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virus variants: B1.1.7 alpha and B.1.351 beta, n=45), group 3: infection
between 07/2021 and 12/2021 (most widespread virus variant: B.1.617.2
delta, n=33) and group 4: infection between 01/2022 and 08/2022 (most
widespread virus variant: BA.1-5 omicron, n=33). Three months after
the seropositive blood donation, all study participants were asked about
persisting symptoms, which were attributed to the previous SARS-
CoV-2 infection (long-COVID). As shown in Figure 2, the overall
rate for long-COVID within the whole study group (n=257) is 20%.
Comparing the different groups according to the time of infection, we
found higher rates of long-COVID in groups 1 and 2 (21% and 23%)
compared to groups 3 and 4 (12% each), indicating lower rates for long-
COVID after infections with delta and omicron variants (Figure 2).
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Figure 2: Long-COVID rates decline in the course of the pandemic. Note:
(m) Data shown are percentages of study participants affected by persisting
symptoms 3 months after a seropositive blood donation grouped according to
the time of infection (dark grey bars), () The overall rate of all participants is
depicted as light grey bar.

This finding is of particular interest, as it reveals that long-COVID
rates vary in the course of the pandemic. This discovery could be
explained by the effect of different virus variants, which induce
varying immunologic and inflammatory reactions in the human
body, as indicated by Spinicci, et al. [15]. Another explanation could
be increasing rates of SARS-CoV-2 vaccinations, which constantly
increased over time within our study cohorts indicating that vaccination
might provide a protective effect and thus reduce the risk of developing
long-COVID (Figure 3).
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Figure 3: Increasing rates of SARS-CoV-2 vaccination over time. Data shown
are vaccination rates of our study cohort given in percent. Participants were
considered to be vaccinated after their first vaccination, irrespective of the
vaccine used or later booster vaccinations. Note: () The overall value is
depicted as light grey bar, (m) The rates for the groups 1-4 are shown as dark
grey bars.

The study by Al-Aly et al. suggests that vaccination confers partial
but not complete protection from developing long-COVID. Therefore,
the authors suppose that the reliance on vaccination as the only
mitigation strategy may not reduce the risk for developing long-COVID
[18]. Independent of the time of infection and thus independent of the
virus variant, the three most common persisting symptoms reported
were shortness of breath, fatigue and hyposmia/dysgeusia. This is
in line with the findings of a recently published study [15]. Further
long-COVID symptoms described were nasal congestion, sore throat,
reoccurring headache and chest pain. The symptoms reported correlate
well our previous findings [17] and other studies [19-21].

Long-COVID persists up to 20 months after a SARS-CoV-2
infection

As shown in Figure 4, within a subgroup of 120 individuals that
currently participate in the present study for more than 18 months,
long-COVID symptoms strongly declined over time. While in this
subgroup 3 months after the initial seropositive blood donation 18%
reported persisting symptoms, the rate decreased to 14% after 9
months and to 3% after 18 months. Symptoms reported 18 months post
donation, so about 20 months after the infection, include shortness
of breath, fatigue and hyposmia and/or dysgeusia. It is important to
note that one of the four individuals described persisting long-COVID
symptoms 18 months after the initial blood donation also reported
a reinfection with SARS-CoV-2 in October 2021. Even though three
of the four individuals did not report reinfections with SARS-CoV-2,
the levels of SARS-CoV-2 anti-N levels started to rise again between 9
and 18 months after the initial blood donation, indicating reinfections,
which probably were unnoticed. Thus, the reported long-COVID
symptoms at the time 18 months after the first SARS-CoV-2 infection
might also be symptoms that can be attributed to later reinfections. Our
data indicate that the majority of long-COVID cases last up to one year
after a SARS-CoV-2 infection (Figure 4).

Long-COVID rates (in %)
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Figure 4: Increasing Long-COVID rates in blood donors decline over time.
While 18% reported persisting COVID-associated symptoms 3 months after
the initial seropositive blood donation, this rate declined to 3% after 18 months.
Data shown are percentages of 120 individual blood donors.

It should be noted that our findings might not be applicable
to other age groups (children and people aged 70 and older), as our
study cohort includes adults in legal blood donation age only. As blood
donors represent a supposedly healthy subgroup of the population, our
data cannot be extrapolated to adult individuals suffering from certain
morbidities not permitting regular blood donations, such as cancer,
autoimmune disorders and certain chronic diseases.
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Conclusion

The investigation of more than 70,000 serum samples from June
2020 to November 2022 provide valuable insights into the course of
SARS-CoV-2 infections in a representative cohort of adult blood donors
in Central Europe. Our data show that the seroprevalence rate was
raising constantly during the pandemic, despite of hygiene measures,
social distancing and available vaccination. The highest seroprevalence
rate obtained for Salzburg, Austria was 84.9% in October 2022.
Furthermore, our data revealed varying rates for persisting symptoms
associated with a SARS-CoV-2 infection. While the long-COVID rate
was about 20% after SARS-CoV-2 infections between June 2020 and
August 2021, later infections resulted in lower rates. This could be
explained by different virus variants spreading at the times investigated,
but also by increasing vaccination rates. Our analyses further showed
that independent of the virus variant, the three mostly described long-
COVID symptoms were shortness of breath, fatigue and hyposmia/
dysgeusia. Long-COVID symptoms eased over time, with the majority
of study participants being fully recovered about one year after the
infection. However, our data do not allow drawing direct conclusions
about the exact cause of the different long-COVID rates observed.
Additional studies are urgently required to shed more light on the
factors provoking long-COVID to find more efficient ways of treatment
and therapy.
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