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A B S T R A C T   

Cross-sectional studies of the prevalence of anti-SARS-CoV-2 in representative groups are routinely used for 
surveillance of public health in Norway. The group of blood donors is easily accessible to provide an estimate 
over the infection prevalence. Repeated testing of returning donors also generates data about the duration of the 
antibody response following infection and vaccination. 

The aim of the current study was to provide updated information about the development of the pandemic in 
the blood donor population, and to estimate the number of asymptomatic donors visiting the blood center, in an 
effort to evaluate the measures to prevent virus spreading between donors and staff. 

In the two main blood banks in the Oslo area, all blood donors were offered antibody testing for a period of 
three months. Almost 12,000 donors were tested, and the mean weekly prevalence of antibody positive donors 
due to infection was 2.7 % (varied from 2.1 to 4.0 %). The number of donors presenting following vaccination 
was 810 (6.9 %). An average of 38 % of the infections had been asymptomatic, and 31 % of the antibody-positive 
donors were unaware of having been infected. 

In conclusion, the proportion of blood donors seropositive for anti-SARS-CoV-2 in our blood centers was stable 
whereas the number of vaccinated blood donors rapidly increased. This indicates that the virus spreading in the 
third wave of infection in the Oslo area mainly happened in groups underrepresented as blood donors. Health 
care workers prioritized for early vaccination may be overrepresented in the study period.   

1. Introduction 

The SARS-CoV-2 pandemic has exhibited diverse characteristics in 
different communities, and such epidemiological aspects of different 
countries and population groups have necessitated a plethora of infec-
tion surveillance studies. In Norway, the Institute of Public Health per-
formed infection surveillance through weekly testing of randomly 
selected individuals belonging to previously established study groups in 
the Oslo area from week 18-50/2020 [1]. Blood donors constitute a 
selection of healthy adults aged 18 – >70 years, more or less represen-
tative of the general population. Antibody seroprevalence studies in 
blood donors contribute naturally to the data collection, and have been 
used in a number of countries [2–5]. In Denmark, continuous antibody 
screening of all donors is being used to estimate the number of asymp-
tomatic and undiagnosed cases [6]. 

Pandemic spread of SARS-CoV-2 has introduced a number of prob-
lems, also for the transfusion services, some of which have been 

described [7]. Luckily, the infection dynamics in Norway were never of a 
magnitude to threaten the provision of donated blood; both because the 
need for blood was reduced, whereas blood donors, most of the time, 
faithfully kept coming to donate. Because undiagnosed or asymptomatic 
infected blood donors may introduce the virus in the blood center 
without being aware of it [3,8,9], strict safety measures are being fol-
lowed. Practical procedures to protect both donors and staff implies 
increased work load and psychosocial stress in the personnel group, and 
have to be balanced against the risk of infection at a given time [7]. 

This prevalence study was initiated in the same period as Norway 
was hit by the 3rd wave of COVID-19. The Oslo area had been most 
affected by positive cases of the infection so far, and in response, lock-
down was implemented in an attempt to flatten the COVID-19 curve. 
There were restrictions of the population’s movements, work, gather-
ings, and general activities. Despite this, kindergartens and primary 
schools remained open, and the risk of more infection among the 
younger children was feared as a result of more infectious variants of 
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coronavirus gaining a foothold in Norway [10–12]. Further transmission 
from children to parents and siblings became a major concern. Children 
are reported to have mild or no symptoms and this raised the question of 
whether it could lead to more silent disease transmission. Many of the 
repeat donors have small children in kindergarten or school. Therefore, 
one focus of this study was to determine the prevalence of blood donors 
who had undergone COVID-19, and to establish whether there were 
hidden cases of SARS-CoV-2 among our blood donors [3,13]. It was 
therefore interesting to test the blood donor population and ask them 
whether they had been diagnosed and/or had noticed symptoms 
possibly being due to SARS-CoV-2 infection. The purpose was to eval-
uate the risk of infection posed by a donor at the time of donation, based 
on the prevalence of asymptomatic infections in the blood donor group. 
In addition, we wanted to collect data on convalescence time, symptoms 
and antibody levels, to learn more about the immune response to the 
virus. Also, since a number of blood donors experienced symptoms in the 
first wave when PCR testing was not generally available, many of them 
had requested the test. 

At the time the project started, vaccination of the elderly was well 
advanced and the first vaccines had been given to health workers. 
Considering that a number of health workers are blood donors, we 
added to the questionnaire a question whether they had received the 
vaccine or not. 

This project therefore aimed to provide updated information about 
the virus spread in the blood donor group, with some relevance to the 
general population, and to calculate the number of asymptomatic do-
nors coming to the blood center. We also wanted to learn more about the 
immunity to SARS-CoV-2 following natural infection and vaccination. 

2. Materials and methods 

2.1. Participants 

The study period was 3 months from Jan. 12th to April 9th in Oslo 
Blood Center (BiO), and from February 11th to May 14th in Akershus 
University Hospital (Ahus) Blood Center. 

All regular blood donors scheduled for donation in the study period 
were invited to participate in the study, both whole blood and apheresis 
donors. Project information and consent forms were posted on the blood 
bank websites, and as part of the appointment reminder, donors 
received a link to this information and were encouraged to be informed 
before arrival. 

Upon arrival, donors had to sign the consent form which also 
included information about previous PCR-testing (date and result), 
previous antibody testing (date and result), presence of symptoms since 
February 2020 and vaccination (date and type). In Oslo Blood Center, an 
extra serum sample was drawn together with routine tests, whereas in 
Ahus, SARS-CoV-2 antibodies were analyzed in the same tube as 
routinely performed virus testing. 

The studies were approved by the Regional Ethical Committee (REK, 
numbers: 204104 and 203926). 

2.2. Antibody testing 

Serum drawn from donors of Oslo Blood Center was analyzed at the 
Department of Immunology, Oslo University Hospital, using a semi- 
quantitative microtiterplate assay (Microsphere Affinity Proteomics) 
developed in-house [7]. The test was positive if both antibodies to RBD 
(Receptor Binding Domain of the Spike protein) and nucleocapsid were 
found [14]. Inconclusive tests were reanalyzed by the Department of 
Microbiology, OUH, where a commercial assay is performed (Roche). 

Samples from the blood donors of Ahus Blood Center were analyzed 
by the Department of Multidisciplinary Laboratory Medicine and Med-
ical Biochemistry, Ahus. Screening investigation was performed with 
Roche Anti-SARS-CoV-2 nucleocapsid total antibody assays, and posi-
tive and inconclusive results were reanalyzed with an alternative 

method, SARS-CoV-2 S1/S2 IgG, from DiaSorin. This last test was 
additionally used to detect anti-spike antibodies in samples from blood 
donors who had received one or two doses of a COVID-19 vaccine. 

2.3. Data analysis 

Results from antibody testing and donor data from the blood bank 
information system were used to identify the numbers of donors who 
had positive antibody tests, and whether they had previously reported 
symptoms or positive antigen or antibody tests in contact with the blood 
centers. Data analysis and graphics were performed with Microsoft 
Excel. 

3. Results 

In 2020, approximately 31,000 whole blood donations were per-
formed at the Oslo Blood Center, and almost 12,000 at Ahus. In the 
current study, 8,203 donors from Oslo and 3,589 donors from Ahus 
consented to participate. 

In total, 1,131 donors had a positive test or reported to be vaccinated 
(9.6 %). The percentage rose rapidly from 2.3 to 36 % in the study period 
(Fig. 1A), mostly due to the increased number of vaccinated donors. The 
prevalence of natural infection varied between 2.1 and 4.0 %, with a 
mean of 2.7 %. The distribution of positive samples was slightly different 
in the two blood centers. At BiO, on average 2.4 % (1.5–3.4) were 
positive due to infection and 3.3 % were vaccinated with one or two 
doses (Fig. 1B). In Ahus, 3.3 % (2.3–4.8) had been infected whereas 15 % 
had received one or two vaccine doses (Fig. 1C). Fig. 1D shows the 
background distribution of positive antigen tests in the geographic area 
these two blood banks cover, in the study period; The third wave of 
infection peaked clearly in the month of March. 

Based on reports from the donors and information in the blood bank 
systems, we found that 62 % of the donors who had positive antibody 
tests due to natural SARS-CoV-2 infection, had experienced symptoms of 
COVID-19 to some degree, whereas 38 % had not reported symptoms. 
The fraction of asymptomatic infections varied per week, from 0 to 60 
percent (Fig. 2A). Similarly, the fraction of donors who presented with 
antibodies without knowledge of having been infected, was 31 %, 
varying between 0 and 56 % (Fig. 2B). 

4. Discussion 

In a study of 1,912 residual sera from Norwegian microbiology lab-
oratories collected in January 2021, the sero-prevalence in the Norwe-
gian population was estimated to 3.2 % [15]. This reflects the status 
before the third wave of infection hit Norway. Although the sample size 
is small compared to the current study, the results are similar, both 
studies measuring antibodies produced following the infections caused 
by the first two waves of virus spread. In spite of an increased number of 
infected persons in the larger Oslo area following the import of the “UK” 
virus variant (B.1.1.7) [10], the prevalence of SARS-CoV-2 antibodies in 
blood donors in the Oslo area did not increase notably during the study 
period. This may have several explanations. 

The typical blood donor is a middle-aged, established person without 
risk behavior [16,17]. We expect this population to take seriously the 
advice of precaution issued by health authorities, and successfully pro-
tect themselves from virus spread. In contrast, in the population groups 
where the virus has spread fast this spring, e.g., ethnic minorities and 
youngsters, blood donation is less common. 

Secondly, the timing of the study may have failed to include the 
persons contracting the virus in the third wave of infection, since they 
are deferred from blood donation for 28 days following infection, mostly 
to ensure that they met the health requirements for donation [18]. The 
closing of the study coincided roughly with the peak of the third wave, 
as shown in Fig. 1D, and it is clear in retrospect that continued screening 
could have revealed different results when sufferers of the third wave 
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return to donation. However, at this time the extra logistics of this 
sampling had become a resource challenge, at least for the Oslo Blood 
Center, and the project was not prolonged beyond the original plan. 

Also, COVID-19 leads to protracted symptoms in a subset of sufferers 
[19], preventing them from blood donation for several months. Data 
from COVID-19 convalescent donors of plasma indicate that reduced 
hemoglobin levels compared to pre-infection values are a general 
feature of COVID-19 [Nissen-Meyer et al., unpublished] and this was a 
major source of donor deferral in a study from New York [20]. Addi-
tionally, the antibody screening will fail to identify donors with a weak 
antibody response or whose antibody levels over time have decreased 
below the detection limit. Although the test is sensitive, a number of 
persons respond to infection with a low, transient antibody response 
[21], often waning within 4 months [22]. Several convalescents from 
the first waves of infection may have therefore gone undetected by this 
project. 

Both blood centers display similarly stable fractions of antibody- 
positive donors, but slightly higher in the Ahus Blood Center. A 
possible explanation for this is the higher distribution of new virus cases 

in districts geographically located in Oslo, but belonging to Ahus Blood 
Center. In these parts of the city, where a somewhat larger proportion of 
immigrants and youngsters can be found, virus spread has been most 
extensive (Fig. 1D). 

There are few studies on the prevalence of anti-SARS-CoV-2 in blood 
donors. Two of them reported 1.9 % sero-prevalence in blood donors in 
Denmark, and 2.7 % in the Netherlands [4,5]. Apart from the fact that 
these studies were performed at a very early stage in the pandemic, the 
lower prevalence may also be due to the selection bias known as the 
“healthy donor effect” [23], reminding us that these data must be 
interpreted with caution, and in adequate sample sizes [24]. 

A relatively high proportion of donors reported having had asymp-
tomatic infection with SARS-CoV-2 (Fig. 2A), and together with the 
number of previously unknown infections detected in this study 
(Fig. 2B) it seems reasonable to conclude that the security measures 
taken in the blood bank have been warranted [7]. The statistical risk for 
an asymptomatic donor to bring the virus into the blood center without 
knowing it is small, but considering the number of donors visiting the 
blood banks, there is certainly a need for protective measures. We 

Fig. 1. A: Percentage of donors with positive antibody tests by week, both blood centers combined. Blue diamonds: total numbers, red squares: vaccinated donors. 
The first vaccinated donors were seen in week 4. 
B: Percentage of donors with positive antibody tests by week in Oslo Blood Center (BiO). Red columns: unvaccinated donors with antibody profile indicating natural 
infection with SARS-CoV-2 in the past. Blue columns: vaccinated donors. 
C: Percentage of donors from the Ahus Blood Center by week. Purple columns: unvaccinated donors who have recovered from natural SARS-CoV-2 infection. Green 
columns: vaccinated donors. 
D: Number of positive SARS-CoV-2 antigen tests in the general population in the areas relevant to the blood banks. Ahus: Districts around Oslo, including four heavily 
populated areas within Oslo. BiO: The rest of the Oslo districts. Data from the Norwegian Surveillance System for Communicable Diseases (MSIS), at the Norwegian 
Institute of Public Health. 

Fig. 2. A: Percentage of donors who have reported symptoms indicating SARS-CoV-2 infection, per week. Data from both blood centers combined. 
B: Percentage of donors with previously established SARS-CoV-2 infection by way of antigen or antibody tests. Data from both blood centers combined. 
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believe the combination of pre-visit information given to donors and 
personal protection equipment has been vital in preventing virus spread 
on our sites. Blood donation, being non-remunerable and voluntary, 
depends heavily on the degree to which donors can feel safe when they 
visit the donation site. 

As expected, we found an increasing linear trend in the prevalence of 
vaccinated donors along the study period. In fact, this increase was a lot 
higher than expected. Vaccination of health care workers in Norway was 
given priority in January 2021 when forecasts of the third SARS-CoV-2 
wave indicated large numbers of COVID-19 patients to occupy intensive 
care beds and possibly exceed hospital capacity. Starting with intensive 
care workers and key personnel critical for operation both in hospitals 
and in primary care health services, vaccines were distributed to prevent 
the coming crisis. Although we did expect an increased number of blood 
donors to request testing based on the large estimates of non-diagnosed 
SARS-CoV-2 infection from 2020, the number of vaccinated donors 
arriving was surprising. Vaccinated health workers obviously took the 
opportunity to rejuvenate their blood donor status, in return for the 
antibody testing to prove the effect of the vaccine and support their 
status of immunity. This widespread interest in vaccine efficacy may 
also have been aggravated by the reports of serious cases of atypical 
thrombocytopenia and thrombosis in younger people vaccinated with 
the Astra Zeneca vaccine [25]. For blood banks, always struggling to 
keep the donor numbers high, this is a welcome side effect, although it 
remains to be seen if these donors will return to repeated donations in 
the future. 

The participants of the current project have consented to repeated 
testing and follow-up of their immune status at later donations, and this 
will provide valuable material for research. We look forward to pre-
senting a more detailed characterisation of these donors and their im-
mune responses to both infection and vaccination in a future paper. 
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