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Low SARS-CoV-2 seroprevalence in blood donors
in the early COVID-19 epidemic in the Netherlands
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The world is combating an ongoing COVID-19 pandemic with health-care systems, society
and economies impacted in an unprecedented way. It is unclear how many people have
contracted the causative coronavirus (SARS-CoV-2) unknowingly and are asymptomatic.
Therefore, reported COVID-19 cases do not reﬂect the true scale of outbreak. Here we
present the prevalence and distribution of antibodies to SARS-CoV-2 in a healthy adult
population of the Netherlands, which is a highly affected country, using a high-performance
immunoassay. Our results indicate that one month into the outbreak (i) the seroprevalence in
the Netherlands was 2.7% with substantial regional variation, (ii) the hardest-hit areas
showed a seroprevalence of up to 9.5%, (iii) the seroprevalence was sex-independent
throughout age groups (18–72 years), and (iv) antibodies were signiﬁcantly more often
present in younger people (18–30 years). Our study provides vital information on the extent
of exposure to SARS-CoV-2 in a country where social distancing is in place.

1 Department of Blood-borne Infections, Sanquin Research, Amsterdam, The Netherlands. 2 Department of Medical Affairs, Sanquin Corporate Staff,
Amsterdam, The Netherlands. 3 Department of Virology, Sanquin Diagnostic Services, Amsterdam, The Netherlands. 4 Centre for Infectious Disease
Control, National Institute for Public Health and the Environment, Bilthoven, The Netherlands. 5 Department of Viroscience, Erasmus MC, Rotterdam, The
Netherlands. 6 Department of Donor Studies, Sanquin Research, Amsterdam, The Netherlands. 7 National Screening Laboratory, Sanquin Laboratory
Services, Amsterdam, The Netherlands. 8 Department of Medical Affairs, Sanquin Blood Bank, Amsterdam, The Netherlands. 9 Landsteiner Laboratory,
Sanquin Research, Amsterdam, The Netherlands. 10 Department of Experimental Immunology, University of Amsterdam, Amsterdam, The Netherlands.
11 Department of Medical Microbiology, Amsterdam UMC, Amsterdam, The Netherlands. 12These authors contributed equally: Ed Slot, Boris M. Hogema.
✉email: e.slot@sanquin.nl; h.zaaijer@sanquin.nl

NATURE COMMUNICATIONS | (2020)11:5744 | https://doi.org/10.1038/s41467-020-19481-7 | www.nature.com/naturecommunications

1

ARTICLE

C

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-19481-7

oronavirus disease 2019 (COVID-19) is an emerging
infectious disease caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). The disease was
ﬁrst documented in humans in China in December 2019. The
virus has since spread globally by person-to-person transmission,
resulting in an ongoing pandemic impacting public health,
health-care systems, society and the economy across the world1–4.
Common clinical COVID-19 manifestations include fever,
cough, fatigue, expectoration, shortness of breath, dyspnoea and
muscle soreness5. The median incubation period is estimated to
be 5.1 days (95% CI, 4.5 to 5.8 days), and 97.5% of those who
develop symptoms will do so within 11.5 days (95% CI, 8.2 to
15.6 days) of infection6. While the majority of patients show only
mild or moderate symptoms, some progress to viral pneumonia,
acute respiratory distress syndrome (ARDS), systemic inﬂammatory response syndrome (SIRS), multiple organ failure (MOF)
and death.
As of 24 June 2020 more than 9.1 million laboratory-conﬁrmed
COVID-19 cases have been reported, including 473,797 deaths,
affecting 215 countries and territories around the world4. The
reported COVID-19 cases do not reﬂect the true scale of outbreak7–11. In many countries lockdown strategies have been
implemented and social distancing is mandatory to reduce
person-to-person transmission, protecting citizens and mitigating
the impact on health-care systems including intensive care
capacities. Likely, social distancing measures will need to remain
in place until population-based immunity is achieved through
natural exposure to the virus (herd immunity) or until effective
vaccines or therapeutics become available12,13.
If immune responses to SARS-CoV-2 are similar when compared to other coronaviruses, infected individuals may be less
susceptible to reinfection for months to years, reducing the risk of
severe COVID-19 and also limiting the possibility of spreading
the virus14,15. Infection-induced herd immunity might arise when
enough people become infected and develop antibodies to the
virus, in addition to people with non-antibody-mediated immunity or with SARS-CoV-2 pre-existing immune reactivity16,17.
Above the herd immunity threshold (HIT), which represents a
minimum number of people in a community that would need to
be immune, the infection may no longer persist in the population.
According to basic models, the HIT of SARS-CoV-2 is estimated
at 50 to 67%18,19. This relies on simpliﬁed assumptions, such as
homogeneous population mixing and uniform sterilizing immunity in recovered individuals across demographic groups, which
are unlikely to hold true. Nevertheless, the HIT provides an
indication of the minimum proportion of a population that would
need to be immune until herd immunity could be achieved in the
absence of a vaccine.
It is unclear how many people contract the virus unknowingly.
Assuming that antibodies to SARS-CoV-2 are produced by the
adaptive immune system in response to virus exposure, at least in
the vast majority of cases, serology-based tests for SARS-CoV-2
may be used to determine the extent of asymptomatic SARS-CoV2 infections and to monitor the COVID-19 pandemic. Highly
accurate immunoassays were not available until recently15,20,21.
Population-based serological studies as well as high-quality
data on SARS-CoV-2 antibody production in healthy individuals
are urgently needed to assess both the true extent of virus spread
and the presence of potential antibody-mediated protection
against SARS-CoV-2 at the community level. Using outbreak and
pre-outbreak samples, we studied the prevalence and distribution
of antibodies to SARS-CoV-2 under social distancing in a healthy
adult population of a highly affected country, one month into the
outbreak.
Here, we show a low SARS-CoV-2 seroprevalence in the early
COVID-19 epidemic in the Netherlands, demonstrating that (i)
2

the seroprevalence was 2.7% with substantial regional variation,
(ii) the hardest-hit areas showed a seroprevalence of up to 9.5%,
(iii) the seroprevalence was sex-independent throughout age
groups (18–72 years), and (iv) antibodies were signiﬁcantly more
often present in younger people (18–30 years).
Results
Serological test results. In total 7,361 donations from regular
plasma donors were tested, of which 248 (3.4%) were initially
reactive and 230 (3.1%) were repeat reactive in the Wantai total
antibody assay. For 218/230 repeat reactive donors archived
material of a pre-outbreak donation was available for testing,
showing seroconversion in 188/218 donors (86%) and preoutbreak reactivity in 30/218 (14%); for 12 repeat reactive donors
no pre-outbreak samples were available. The 188 donors with
conﬁrmed seroconversion and the 12 donors from whom no preoutbreak sample was available were considered seropositive in the
subsequent analyses. Positive IgM test results were found as follows: in 144/180 (80%) seroconverters (8 donors not tested); in 3/
28 (11%) donors with pre-outbreak reactivity (2 donors not tested); and in 8/12 (67%) donors from whom no pre-outbreak
sample was available.
Distribution of SARS-CoV-2 antibody signals. The distribution
of SARS-CoV-2 total antibody signals in positive donors (n =
230) and negative donors (n = 7,131) is shown in Fig. 1a. Details
about seroconversions and false-reactive test results can be found
in Supplementary Fig. 1. As a reference, the SARS-CoV-2 total
antibody signals in ex-COVID-19 patients donating convalescent
plasma (n = 153) are shown in Fig. 1b. These patients had a
documented PCR-positive test result, were at least 14 days fully
recovered from mild to severe COVID-19 symptoms and were
sampled in the study period. The distribution of SARS-CoV-2
total antibody signals in ex-COVID-19 patients was comparable,
but not identical, to regular plasma donors who seroconverted;
low-positive signals were found more often in regular plasma
donors than in ex-COVID-19 patients.
Seroprevalence by geographic region, sex and age group. Based
on demonstrated seroconversion, 188/7,361 (2.6%) donors have
been infected with SARS-CoV-2. If donors from whom no preoutbreak sample was available are included this number is 200/
7,361 (2.7%). The seroprevalence varied by geographic region.
Figure 2 shows the seroprevalence in the 26 municipal health
service regions of the Netherlands, demonstrating a north to
south gradient. Details about the seroprevalence by region, sex
and age group can be found in Supplementary Table 1. The
prevalence of antibodies to SARS-CoV-2 was not different for
men and women (2.70% vs 2.73%). Logistic regression and chisquare analysis showed that the seroprevalence in donors aged
18–30 years was signiﬁcantly higher than in other age groups
(4.2% vs 2.4%; p = 0.026; Table 1). No additional association with
sex or age group was found in the logistic regression model if the
data were corrected for region of residence.
Discussion
The world is facing unprecedented challenges with communities
and economies everywhere affected by the COVID-19 pandemic.
Social distancing and other public health measures are placing an
increasing psychological burden on people, resulting in an
increasing need for exit strategies22.
As the situation evolves, public health interventions signiﬁcantly lower the real-time reproduction number (Rt), which
estimates the average number of secondary cases one case produces in a population made up of both susceptible and non-
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Fig. 1 Distribution of SARS-CoV-2 antibody signals in regular blood plasma donors and in recovered COVID-19 patients donating convalescent
plasma; 1–15 April 2020. a Distribution of SARS-CoV-2 total antibody signals and SARS-CoV-2 IgM test results in regular blood plasma donors (n =
7,361). b Distribution of SARS-CoV-2 total antibody signals in recovered COVID-19 patients donating convalescent plasma (n = 153).

susceptible hosts23. If person-to-person transmission is limited
and the Rt drops, the pandemic may be controlled on a population level until an effective SARS-CoV-2 vaccine or pharmacological therapy for COVID-19 becomes available12,13.
Another way out may be acquiring natural herd immunity to
SARS-CoV-2 as an indirect protection conferred by immune
individuals to the susceptible ones in the population18,19,24. If
natural herd immunity to SARS-CoV-2 is attainable during the
pandemic, policy makers may take this into account as an exit
strategy option. The 2.7% seroprevalence found in our study
shows that, 1 month into the outbreak and more than 2 weeks
after social distancing and lockdown interventions were implemented, the proportion of SARS-CoV-2 antibody-positive individuals in the population tested was far below the 50–67% HIT.
Without social distancing the chains of infection may resume
shortly, even in the hardest-hit areas with a seroprevalence of up
to 9.5%. Importantly, recently published population-based seroprevalence studies in areas of other countries, using different
immunoassays and divergent methods of sampling, also show low
prevalences of antibodies to SARS-CoV-2, suggesting that
populations are likely to remain susceptible to the virus and
future waves of the outbreak are inevitable without a vaccine or
antiviral prophylaxis25–27.
Antibodies were signiﬁcantly more often detected in younger
people (18–30 years), which might be related to age-dependent

social behaviours before social distancing was implemented. Our
study further indicates that the prevalence of antibodies to SARSCoV-2 is sex-independent throughout age groups (18–72 years)
and can vary substantially among areas in a country. The regional
variation in the Netherlands may be associated with the celebration of Carnival, for which main events occurred in the south
and southeastern parts of the country during the last week of
February 2020, when social distancing and restrictions on public
events and gatherings were not in place yet. Of course, the study
only covers SARS-CoV-2 infections in the ﬁrst month of the
outbreak, and the results cannot be extrapolated to children, nonhealthy adults and elderly aged >72 years.
Our study was performed in the early COVID-19 epidemic in
the Netherlands. The 2.7% seroprevalence in the population
tested demonstrates limited presence of potential antibodymediated immunity to SARS-CoV-2 at the time of the study.
Because antibodies to the virus may not be detected during the
ﬁrst weeks post infection, it can be assumed that more people
were infected between 27 February 2020 (ﬁrst Dutch COVID-19
case) and April 2020 (the moment of sampling). Therefore, the
presence of potential antibody-mediated immunity may have
been higher than 2.7%. Using the same assay, the SARS-CoV-2
seroprevalence in the Dutch donor population had increased to
5.9% (419/7,150) in May 202028. This indicates that the proportion of SARS-CoV-2 antibody-positive individuals in the

NATURE COMMUNICATIONS | (2020)11:5744 | https://doi.org/10.1038/s41467-020-19481-7 | www.nature.com/naturecommunications

3

ARTICLE

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-19481-7

0%
<1%
1–2%
2–3%
3–4%
4–5%
5–6%
6–7%
9–10%
No data

Fig. 2 SARS-CoV-2 seroprevalence in the Dutch blood donor population
by municipal health service region; 1–15 April 2020. The map shows the
Netherlands divided into municipal health service regions. The backbone of
the map was provided by the Dutch Institute for Public Health and the
Environment.

Table 1 Prevalence of anti-SARS-CoV-2 antibodies in Dutch
blood plasma donors (n = 7,361) by age group; 1–15 April
2020.
Age group
(years)

Anti-SARS-CoV-2
prevalence

95% conﬁdence
interval

18–30
31–40
41–50
51–60
61–72

52/1,251
22/882
31/1,354
48/2,132
47/1,742

3.1–5.4%
1.6–3.8%
1.6–3.2%
1.7–3.0%
2.0–3.8%

(4.2%)
(2.5%)
(2.3%)
(2.3%)
(2.7%)

Netherlands remained far below the 50–67% HIT during the ﬁrst
months of the COVID-19 epidemic. Of course, acquiring herd
immunity may also depend on both SARS-CoV-2 pre-existing
immune reactivity and vaccine-induced herd immunity, when a
COVID-19 vaccine becomes available29.
To check for potential selection bias due to using regular
plasma donors as study subjects, we calculated the prevalence of
antibodies to anti-SARS-CoV-2 after correction for the number of
residents in the various municipal health regions and for the age
distribution of the Dutch general population (18–70 years).
Although the number of donations tested varied between the
municipal health regions from 0.83 to 8.27 per 10,000 inhabitants,
the weighted seroprevalence was 2.73%, which is identical to the
unadjusted seroprevalence. Similarly, the estimated weighted
seroprevalence of the Dutch general population (20–70 years) was
2.76%, indicating that differences in the age distribution of the
plasma donor population studied, compared with the Dutch
general population, had no signiﬁcant impact on the study results.
4

Further, the observed regional variation in SARS-CoV-2 seroprevalence matches well with the reported geographic variation
of both laboratory-conﬁrmed and hospitalized COVID-19 cases
in the Netherlands30. We therefore consider the seroprevalence
found in a sample of the Dutch donor population as an important
indication of the seroprevalence in the general population of the
Netherlands, until more speciﬁc data becomes available.
The Wantai SARS-CoV-2 total antibody ELISA shows performance characteristics superior to other immunoassays currently on the market31,32. We calculated a test speciﬁcity of 99.6%
using 282 pre-outbreak samples collected in March and April
2018 (validation data in Method section). In the seroprevalence
study we found false-reactive test results in 30/7361 (0.4%) subjects. For these subjects, false reactivity was present before the
COVID-19 outbreak with stable OD/CO ratios over months
(Supplementary Fig. 1), indicating consistent non-speciﬁc reactions or cross-reactivity with antibodies to common seasonal
coronaviruses (OC43, 229E, NL63, HKU1)33. It is unknown
whether this potential cross-reactivity provides cross-protection
against SARS-CoV-2 infection.
Of note, the positive predictive value (PPV) of a test depends
on the combination of test speciﬁcity and seroprevalence. In
our study, the PPV of the Wantai SARS-CoV-2 total antibody
ELISA was 99%, 88% and 72% in areas with a seroprevalence of
4–10%, 2–4% and <2%, respectively. Hence, the PPV increases
with the seroprevalence and will increase as the outbreak
proceeds. This phenomenon must be taken into account if
SARS-CoV-2 antibody testing would in the future be considered for diagnostic services and for reducing social distancing measures.
Our study has several limitations. First, samples were collected
from regular plasma donors without further selection. Although
all subjects were healthy at the time of sampling and did not
report health issues in the 2 weeks before, they might have been
recovered from COVID-19 symptoms earlier. As a consequence,
the number of subjects enrolled in the study after full recovery
from COVID-19 symptoms is unknown. It is therefore not possible to speciﬁcally assign SARS-CoV-2 seroprevalence data and
total antibody signals to asymptomatic or symptomatic infections.
Second, donors who experience COVID-19 symptoms may not
recover within a few weeks, which might have resulted in selfdeferral and not showing up for plasma donation. Therefore,
donors who suffered from COVID-19 symptoms may be
underrepresented in the study. Third, donors who experienced
COVID-19 symptoms during the 2 weeks before sample collection were not eligible to donate plasma in accordance with European laws and guidelines34,35. They were not enrolled in the
study, resulting in a possible underestimation of the seroprevalence in the donor population. Fourth, the test sensitivity
in PCR-conﬁrmed COVID-19 patients, who were at least 14 days
fully recovered when sampled, was 98.7% (151/153 seropositive;
Fig. 1b). This demonstrates that antibodies to SARS-CoV-2 were
detected in nearly all COVID-19 patients after full recovery from
mild to severe symptoms. However, the test sensitivity in
asymptomatic cases is unknown and might be lower than in
symptomatic cases, which could have resulted in an underestimation of the seroprevalence in the donor population.
It is unclear whether the presence of SARS-CoV-2 antibodies
in blood reﬂects immunity, be it short term or long term15,33,36.
Recent studies found strong correlation between ELISA results
and virus neutralization37,38. Wu and colleagues studied the
levels and time course of neutralizing antibodies (nAbs) in 175
patients who experienced mild COVID-19 symptoms39. In those
patients nAbs were detected from days 10–15 after onset of
disease and remained thereafter. Interestingly, middle-aged and
elderly patients had signiﬁcantly higher nAb titres (p < 0.0001)
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than younger patients. Ten patients had undetectable nAb titres
(ID50: <40) and two showed very high titres (ID50: 15,989 and
21,567). These ﬁndings indicate that antibodies to SARS-CoV-2
in asymptomatic individuals and in patients with only mild
symptoms may have limited neutralizing capacity. Like in other
infections, non-nAbs may play a signiﬁcant role in decreasing
the viral load, e.g. via Fc receptor-mediated uptake in innate
cells, leading to partial or even total protection from reinfection40. Therefore, SARS-CoV-2 antibody-mediated immunity,
including the role and formation of nAbs and non-nAbs, needs
further research both to ascertain whether asymptomatic and
non-severe cases become immune to the virus and to assess the
relevance of SARS-CoV-2-speciﬁc antibodies for the development of safe and effective (i) vaccines, (ii) treatment of COVID19 patients with convalescent plasma transfusions, and (iii)
plasma-derived medicinal products (anti-SARS-CoV-2 hyperimmune globulins)12,13,19,41–43.
Gilbert and colleagues have proposed an exit strategy approach
in which at ﬁrst only seropositive individuals, recovered from
SARS-CoV-2 infection, return to their normal lives44. When the
pandemic subsides, gradually younger low-risk people without
symptoms might follow. Such an approach would slowly build up
immunity in the population, mitigating the impact on health-care
systems and intensive care capacities and reducing the intensity of
future waves of the pandemic. This would make it possible to
reconcile the advantages of two opposing strategies that have
been proposed: the strategy of global containment of the population, which is economically and socially costly, and the strategy
based on natural herd immunity, which potentially involves a
substantial human cost if done too fast. To put this approach in
context, we stress that the protective effect of SARS-CoV-2speciﬁc antibodies in blood is not yet known and that serologybased tests in general come with important pitfalls until accurate
conﬁrmatory testing is available15,33,36,45. An antibody testingbased exit strategy could thus lead to a resurgence of community
spread of the virus.
In conclusion, the seroprevalence in the healthy adult population shows no evidence of adequate antibody-mediated
immunity to SARS-CoV-2 on the country level, suggesting that
acquiring natural herd immunity is not a realistic COVID-19 exit
strategy in the short term. Downscaling public health interventions, including social distancing, in the absence of populationbased immunity may signiﬁcantly increase the Rt and fuel the
COVID-19 pandemic, possibly resulting in uncontrollable virus
spread. During the pandemic it is pivotal to continuously revisit
public health interventions and lockdown exit strategies using upto-date data on both community spread of SARS-CoV-2 and
immunity to the virus.
Methods
Setting. The Netherlands is the most densely populated country of Europe with
17.2 million human inhabitants (421 per square kilometre). The ﬁrst Dutch case of
COVID-19 was reported on 27 February 2020. An outbreak ensued, culminating in
812, 5159, 9127 and 11,863 hospital admissions, and in 1868, 13,614, 28,153 and
49,914 PCR-conﬁrmed COVID-19 cases including 64, 1173, 3134 and 6100
documented fatalities by 15 March, 1 April, 15 April and 24 June 2020, respectively46. Social distancing and lockdown interventions were implemented nationwide on 15 March 2020, when all restaurants, cafés, bars, discotheques, coffeeshops,
musea, concert halls, theatres, sports clubs, saunas, sex clubs, universities, schools
and childcare centres were closed and speciﬁc restrictions on public events, gatherings, work and travel became mandatory47. The Dutch approach was comparable
to most other European countries and all public health measures were well
respected.
Subjects and sampling. We studied the plasma samples of 7361 regular blood
plasma donors from throughout the Netherlands, collected from 1 until 15 April
2020. Subjects were enrolled in the study if they were accepted for routine donation, without further selection and in accordance with European laws and
guidelines34,35. As a consequence, all subjects were healthy at the time of donation

and had not reported health issues in the 2 weeks before donation. Subjects were
deﬁned by age (18–72 years), gender and zip code of the subject’s residence. All age
groups were well represented with a balanced distribution of male and female
subjects residing in all regions of the Netherlands.
Serological testing. Donor samples were screened for antibodies to SARS-CoV-2
using a SARS-CoV-2 total antibody ELISA (Wantai Biological Pharmacy Enterprise Co., Ltd., Beijing, China) following the manufacturer’s instructions. Samples
testing reactive (OD/CO ratio ≥ 1) were re-tested and considered positive if the retest was reactive. For the majority of positive donors an archived sample of a
donation from before the start of the COVID-19 outbreak was available and tested,
to determine seroconversion or false reactivity. For this purpose, seroconversion
was deﬁned as transition from negative to positive with at least a two-fold increase
in OD/CO ratio. To study the consistency of false-reactive test results, archived
samples of multiple associated pre-outbreak donations were tested, if available.
Brieﬂy, the Wantai ELISA used is a ‘double antigen sandwich assay’. This assay
format has the following advantages: the solid phase is coated with recombinant
SARS-CoV-2 antigens, which simultaneously bind antibody isotypes (IgA, IgM,
IgG) directed to SARS-CoV-2. For detection, a labelled SARS-CoV-2 antigen is
used. Additional testing of samples that were positive in the SARS-CoV-2 total
antibody ELISA was performed using a SARS-CoV-2 IgM ELISA (Wantai Biological Pharmacy Enterprise Co., Ltd., Beijing, China) following the manufacturer’s
instructions.
Validation and evaluation. Performance characteristics of the Wantai SARS-CoV2 total antibody ELISA have been assessed in third-party evaluations, indicating a
sensitivity of 100% in PCR-conﬁrmed COVID-19 cases (after 15–39 days following
the onset of symptoms; n = 90) and a speciﬁcity of 99.1% (n = 213) to 100% (n =
82)31,32. The performance of the Wantai ELISA, including positive and negative
predictive values, was superior compared to other assays32. We additionally validated the Wantai ELISA using panels of plasma and serum samples from (i) Dutch
blood donors collected in March and April 2018 (n = 282; 1/282 seropositive), (ii)
PCR-conﬁrmed COVID-19 patients admitted to Dutch intensive care units in
March 2020 (n = 10; 9/10 seropositive; 1/10 seronegative), (iii) Dutch PCRconﬁrmed COVID-19 patients with only mild symptoms (n = 11; 11/11 seropositive), (iv) Dutch donors with a documented PCR-positive test result donating
convalescent plasma, who were at least 14 days fully recovered from mild to severe
COVID-19 symptoms (n = 153; 151/153 seropositive), and (v) patients with PCRpositive test results for common HCoV, CMV or EBV infection (n = 40; 0/40
seropositive).
Data collection and analysis. Test results were obtained as described above. The
age, gender and zip code of residence of the individual subjects (both regular
plasma donors and recovered COVID-19 patients donating convalescent plasma)
were retrieved from the blood bank information system ePROGESA v5.0.3 (MAKSYSTEM International Group, France). Data were processed and analyzed using
Microsoft Ofﬁce Access version 16.0 (Microsoft Corporation, USA). Association
between the prevalence of anti-SARS-CoV-2 antibodies and age, sex and region of
residence was assessed by logistic regression analysis using R v.3.5.2 (R Foundation,
Austria).
Ethics statement. Samples were collected only from voluntary, non-remunerated,
adult donors who provided written informed consent as part of routine donor
selection and blood collection procedures. The study was reviewed and approved
by the Ethics Advisory Council of Sanquin Blood Supply Foundation on March
27, 2020.
Reporting Summary. Further information on research design is available in
the Nature Research Reporting Summary linked to this article.

Data availability
The authors declare that all data supporting the ﬁndings of this study are available within
the paper and its supplementary information ﬁles. More detailed information on research
data is available from the corresponding authors upon reasonable request. Source data
are provided with this paper.

Received: 25 June 2020; Accepted: 14 October 2020;

References
1.
2.

Wu, F. et al. A new coronavirus associated with human respiratory disease in
China. Nature 579, 265–269 (2020).
Zheng, J. SARS-CoV-2: an emerging coronavirus that causes a global threat.
Int. J. Biol. Sci. 16, 1678–1685 (2020).

NATURE COMMUNICATIONS | (2020)11:5744 | https://doi.org/10.1038/s41467-020-19481-7 | www.nature.com/naturecommunications

5

ARTICLE
3.
4.

5.
6.

7.

8.
9.

10.
11.
12.

13.
14.

15.
16.
17.
18.
19.
20.

21.
22.

23.
24.
25.

26.

27.
28.

29.
30.

31.

32.

33.

6

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-19481-7

Steffens, I. A hundred days into the coronavirus disease (COVID-19)
pandemic. Eur. Surveill. 25, 2000550 (2020).
World Health Organization. Coronavirus disease (COVID-2019) situation
report. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports/ (2020).
Zhu, J. et al. Clinical characteristics of 3,062 COVID-19 patients: a metaanalysis. J Med Virol. In press, https://doi.org/10.1002/jmv.25884 (2020).
Lauer, S. A. et al. The incubation period of coronavirus disease 2019 (COVID19) from publicly reported conﬁrmed cases: estimation and application. Ann
Intern Med. 172, 577–582 (2020).
Li, R. et al. Substantial undocumented infection facilitates the rapid
dissemination of novel coronavirus (SARS-CoV2). Science 368, 489–493
(2020).
Lipsitch, M., Swerdlow, D. L. & Finelli, L. Deﬁning the epidemiology of Covid19 - studies needed. N. Engl. J. Med. 382, 1194–1196 (2020).
Park, M., Cook, A. R., Lim, J. T., Sun, Y. & Dickens, B. L. A systematic review
of COVID-19 epidemiology based on current evidence. J. Clin. Med. 9, 967
(2020).
Day, M. Covid-19: four ﬁfths of cases are asymptomatic, China ﬁgures
indicate. BMJ. 369, m1375 (2020).
Adam, D. Special report: the simulations driving the world’s response to
COVID-19. Nature 580, 316–318 (2020).
Sanders, J. M., Monogue, M. L., Jodlowski, T. Z. & Cutrell, J. B. Pharmacologic
treatments for coronavirus disease 2019 (COVID-19): a review. JAMA. 323,
1824–1836 (2020).
Tu, Y. F. et al. A review of SARS-CoV-2 and the ongoing clinical trials. Int. J.
Mol Sci. https://doi.org/10.3390/ijms21072657 (2020).
Callow, K. A., Parry, H. F., Sergeant, M. & Tyrrell, D. A. J. The time course of
the immune response to experimental coronavirus infection of man.
Epidemiol. Infect. 105, 435–446 (1990).
Krammer, F. & Simon, V. Serology assays to manage COVID-19. Science 368,
1060–1061 (2020).
Fine, P., Eames, K. & Heymann, D. L. “Herd immunity”: a rough guide. Clin.
Infect. Dis. 52, 911–916 (2011).
Smith, P. G. Concepts of herd protection and immunity. Procedia Vaccinol. 2,
134–139 (2010).
Randolph, H. E. & Barreiro, L. B. Herd immunity: understanding COVID-19.
Immunity 52, 737–741 (2020).
Syal, K. COVID-19: herd immunity and convalescent plasma transfer therapy.
J Med Virol. In press, https://doi.org/10.1002/jmv.25870 (2020).
Subbaraman, N. Coronavirus tests: researchers chase new diagnostics to ﬁght
the pandemic. Nature. In press, https://doi.org/10.1038/d41586-020-00827-6
(2020).
Petherick, A. Developing antibody tests for SARS-CoV-2. Lancet 395,
1101–1102 (2020).
Fiorillo, A. & Gorwood, P. The consequences of the COVID-19 pandemic on
mental health and implications for clinical practice. Eur Psychiatry 63, e32
(2020).
Yuan, J., Li, M., Lv, G. & Lu, Z. K. Monitoring transmissibility and mortality
of COVID-19 in Europe. Int J Infect Dis. 95, 311–315 (2020).
Okell, L. C. et al. Have deaths from COVID-19 in Europe plateaued due to
herd immunity? Lancet 395, e110–e111 (2020).
Stringhini, S. et al. Seroprevalence of anti-SARS-CoV-2 IgG antibodies in
Geneva, Switzerland (SEROCoV-POP): a population-based study. Lancet 396,
313–319 (2020).
Korth, J. et al. SARS-CoV-2-speciﬁc antibody detection in healthcare workers
in Germany with direct contact to COVID-19 patients. J Clin Virol. 128,
104437 (2020).
Xu, X. et al. Seroprevalence of immunoglobulin M and G antibodies against
SARS-CoV-2 in China. Nat Med. 26, 1193–1195 (2020).
Van den Hurk, K. et al. Low awareness of past SARS-CoV-2 infection in
healthy adults. Preprint at https://doi.org/10.1101/2020.08.10.20171561
(2020).
Sette, A. & Crotty, S. Pre-existing immunity to SARS-CoV-2: the knowns and
unknowns. Nat. Rev. Immunol. 20, 457–458 (2020).
National Institute for Public Health and the Environment (RIVM).
Ontwikkeling COVID-19 in graﬁeken. https://www.rivm.nl/coronaviruscovid-19/graﬁeken (2020).
Zhao, J. et al. Antibody responses to SARS-CoV-2 in patients of novel
coronavirus disease 2019. Clin Infect Dis. In press, https://doi.org/10.1093/cid/
ciaa344 (2020).
Lassaunière, R. et al. Evaluation of nine commercial SARS-CoV-2
immunoassays. Preprint at https://doi.org/10.1101/2020.04.09.20056325
(2020).
Cheng, M. P. et al. Serodiagnostics for severe acute respiratory syndromerelated Coronavirus-2: a narrative review. Ann Intern Med. 173, 450–460
(2020).

34. European Commission. Commission Directive 2004/33/EC of 22 March 2004
implementing Directive 2002/98/EC of the European Parliament and of the
Council as regards certain technical requirements for blood and blood
components. Ofﬁc. J. Eur. Union 47, 25–39 (2004).
35. European Directorate for the Quality of Medicines & HealthCare of the
Council of Europe (EDQM). Guide to the preparation, use and quality
assurance of blood components; 19th edition https://www.edqm.eu/en/bloodguide (2017).
36. Huang, A. T. et al. A systematic review of antibody mediated immunity to
coronaviruses: kinetics, correlates of protection, and association with severity.
Nat Commun. 11, 4704 (2020).
37. Okba, N. M. A. et al. Severe acute respiratory syndrome coronavirus 2-speciﬁc
antibody responses in coronavirus disease patients. Emerg Infect Dis. 26,
1478–1488 (2020).
38. Amanat, F. et al. A serological assay to detect SARS-CoV-2 seroconversion in
humans. Nat Med. 26, 1033–1036 (2020).
39. Wu, F. et al. Evaluating the association of clinical characteristics
with neutralizing antibody levels in patients who have recovered from
mild COVID-19 in Shanghai, China. JAMA Intern Med. 180, 1356–1362
(2020).
40. Ilinykh, P. A. et al. Non-neutralizing antibodies from a Marburg infection
survivor mediate protection by Fc-effector functions and by enhancing
efﬁcacy of other antibodies. Cell Host Microbe 27, 976–991 (2020).
41. Roback, J. D. & Guarner, J. Convalescent plasma to treat COVID-19:
possibilities and challenges. JAMA. 323, 1561–1562 (2020).
42. Chen, L., Xiong, J., Bao, L. & Shi, Y. Convalescent plasma as a potential
therapy for COVID-19. Lancet Infect. Dis. 20, 398–400 (2020).
43. CoVIg-19 Plasma Alliance. Donate your plasma to help develop a potential
treatment for COVID-19. https://www.covig-19plasmaalliance.org/en-us#info
(2020).
44. Gilbert, M., Dewatripont, M., Muraille, E., Platteau, J.-P. & Goldman, M.
Preparing for a responsible lockdown exit strategy. Nat Med. 26, 643–644
(2020).
45. Meyer, B., Drosten, C. & Müller, M. A. Serological assays for emerging
coronaviruses: challenges and pitfalls. Virus Res. 194, 175–183 (2014).
46. National Institute for Public Health and the Environment (RIVM). https://
www.databronnencovid19.nl/Bron?naam=Epidemiologische-situatieCOVID-19-in-Nederland (2020).
47. Wikipedia. COVID-19 pandemic in the Netherlands. https://en.wikipedia.org/
wiki/COVID-19_pandemic_in_the_Netherlands (2020).

Acknowledgements
We thank Femmeke Prinsze for data extraction from the blood bank information
system and Marielle van Rijswijk for help with retrieving archived samples. We also
thank Annemieke de Fijter and Pasquale di Scala for providing plasma collection data
to help design the study. The study was funded by Sanquin Blood Supply Foundation
and the Dutch Ministry of Health, Welfare and Sport. The funders had no role in
study design, data collection and analysis, decision to publish or preparation of the
manuscript.

Author contributions
E.S., H.Z., B.H., C.R. and J.R. conceived the study, designed the experiments and analyzed
the data. M.M., J.K. and J.I. processed the samples, performed the experiments and
collected the data. E.S., H.Z., B.H., R.L., C.R., J.R., V.N., M.M., J.K. and J.I. drafted the
manuscript. All in order of contribution.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41467020-19481-7.
Correspondence and requests for materials should be addressed to E.S. or H.L.Z.
Peer review information Nature Communications thanks the anonymous reviewers for
their contribution to the peer review of this work. Peer review reports are available.
Reprints and permission information is available at http://www.nature.com/reprints
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional afﬁliations.

NATURE COMMUNICATIONS | (2020)11:5744 | https://doi.org/10.1038/s41467-020-19481-7 | www.nature.com/naturecommunications

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-19481-7

ARTICLE

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.
© The Author(s) 2020

NATURE COMMUNICATIONS | (2020)11:5744 | https://doi.org/10.1038/s41467-020-19481-7 | www.nature.com/naturecommunications

7

