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Abstract
VAccine Study COvid-19 (VASCO) is a cohort study with 5-year follow-up to assess the real-world vaccine
effectiveness (VE) of COVID-19 vaccines in the Netherlands. VASCO was initiated when COVID-19
vaccination was introduced in the Netherlands. The primary objective is to estimate vaccine-speci�c VE
against symptomatic SARS-CoV-2 infection, overall and in four subpopulations de�ned by age and
medical risk, at 9 months after study start when most participants would have accumulated at least 6
months of follow-up. Secondary objectives are to estimate VE by time since vaccination and by severity
of SARS-CoV-2 infection. Between May and December 2021, 45,271 participants aged 18–85 years have
been enrolled in VASCO. Participants were included irrespective of their COVID-19 vaccination status or
intention to get vaccinated. At inclusion, at 6, 12, 24, 36, 48 and 60 months after inclusion, and at one
month after primary vaccination, participants are asked to take a self-collected �ngerprick blood sample
at home. In the serum samples, nucleoprotein (N) and spike protein receptor binding domain (RBD)-
speci�c antibody titers are assessed to determine vaccine response and prior SARS-CoV-2 infection(s),
including prior asymptomatic infections. Participants are also asked to complete monthly digital
questionnaires in the �rst year, and 3-monthly in years 2–5, including questions on sociodemographic
factors, health status, COVID-19 vaccination, SARS-CoV-2 related symptoms and testing results, and
behavioral responses to COVID-19 measures. The main aim of VASCO is to contribute to policy decision-
making regarding future COVID-19 vaccination. Furthermore, VASCO provides an infrastructure to
conduct substudies in response to unforeseen developments within the COVID-19 pandemic.

Introduction
On 11 March 2020, the World Health Organization (WHO) declared the current coronavirus disease
(COVID-19) outbreak, caused by the SARS-CoV-2 virus, to be a pandemic [1]. In the �rst half of 2020,
many governments worldwide implemented control measures including physical distancing, hygiene
measures, and lockdowns to contain their epidemics. Although such measures were effective, they had a
tremendous economic, societal and health impact. Within a year after SARS-CoV-2 emerged, the �rst
vaccines were developed and approved after registration trials showing high e�cacy against
symptomatic SARS-CoV-2 infection [2–5].

In the Netherlands, the COVID-19 vaccination program started on 6 January 2021. As of 18 April 2021,
four different COVID-19 vaccines have been approved and used in the Netherlands: Comirnaty
(BNT162b2; BioNTech/P�zer, Mainz, Germany/New York, United States (US)), Spikevax (mRNA-1273,
Moderna, Cambridge, US), Vaxzevria (ChAdOx1-S; AstraZeneca, Cambridge, United Kingdom), and
Janssen (Ad26.COV2-S (recombinant), Janssen-Cilag International NV, Beerse, Belgium). Hospital
employees in direct COVID-19 care, general practitioners, residents and staff of long-term care facilities,
and adult persons living in an institution and their caregivers, were the �rst groups to receive vaccination.
The subsequent vaccine roll-out in the non-institutionalized adult population followed an age-speci�c
approach, starting with the elderly. Also people below 60 years of age with a medical risk condition such
as obesity, pulmonary or cardiac disease, diabetes and immune de�ciency were prioritized [6]. From July
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2021 onwards, children of 12 years and older were also invited for vaccination. As of October 2021,
persons with a severe immune de�ciency were offered a third dose of Comirnaty or Spikevax as part of
their primary series. The �rst booster campaign was initiated on 18 November 2021, using the same two
vaccines, prioritizing health care workers and adults above 60 years of age. By 4 January 2022, all
persons of 18 years and older had been invited for the �rst booster vaccination. Booster vaccination was
also available for children of 12 years and older from 7 March 2022 onwards, children aged between 5
and 11 years with medical risk conditions from 18 December 2022 onwards, and those without a medical
risk condition from 17 January 2022 onwards. Vaccinations are registered in the national COVID-19
vaccination Information and Monitoring System (CIMS) of the Dutch National Institute of Public Health
and the Environment (RIVM) when the individual provided informed consent for registration [7]. By 28
March 2022, a primary series vaccination coverage of 86% and a booster vaccination coverage of 64% of
the Dutch adult population had been reached [8]. A primary vaccination series is de�ned in the
Netherlands as either one Janssen vaccination, one vaccination following previous SARS-CoV-2 infection,
or two vaccinations with any of the mRNA or virus vector vaccines.

After implementation of a vaccination program, it is important to continuously monitor the program with
regards to safety, effectiveness, and epidemiological impact, in real world settings [9]. Pre-registration
vaccine trial participants are usually not representative of the target population and usually do not
contain su�cient numbers of individuals of special interest (e.g. children, elderly, and individuals with
comorbidities), and duration of follow-up prior to vaccine registration is usually short [10, 11].
Furthermore, VE estimates against SARS-CoV-2 infection, disease and transmission over time, and
against new virus variants, are needed, overall and for subgroups in the population [12].

Real-world VE can be obtained using observational study designs. In the Netherlands, as in other
countries, nationwide COVID-19 surveillance data and observational studies using hospital data are used
to monitor and evaluate VE against SARS-CoV-2 infections and disease, including severe disease leading
to hospitalization. The advantages of using national surveillance data are the large numbers and data
availability in real-time, but disadvantages include the lack of detailed sociodemographic, behavioral, and
clinical metadata and a lack of biological sampling. For example, the Dutch national surveillance
database lacks information on previous SARS-CoV-2 infections, especially asymptomatic and mild
infections, and comorbidities, and blood sampling for immunological assessments is not routinely done.
These limitations can be addressed in a prospective cohort study design.

In the current paper, we present the design and baseline characteristics of the study population of a large
population-based prospective cohort study in community-dwelling persons aged 18–85 years to monitor
the real-world VE against symptomatic SARS-CoV-2 infection in the Netherlands, the VAccination Study
COvid-19 (VASCO). Participants are followed for 5 years to assess VE by time since vaccination and by
subpopulation. Extensive metadata are being collected from cohort participants using digital
questionnaires and vaccination status from CIMS, and serum samples for immunological testing are
collected at regular intervals. Results will be used to evaluate the Dutch COVID-19 vaccination strategy, to
monitor immunity in the population obtained through vaccination and infection, and to inform future
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vaccination strategies. Furthermore, VASCO provides an infrastructure to conduct substudies in response
to unforeseen developments within the COVID-19 pandemic.

Objectives
The primary objective of VASCO is to estimate COVID-19 vaccine-speci�c VE against symptomatic SARS-
CoV-2 infection overall, and in four subpopulations de�ned by age and medical risk, over time.

Secondary objectives include estimating VE by time since vaccination and severity of SARS-CoV-2
infection: asymptomatic (positive test without symptoms), mild (symptoms but no hospitalization or
death), or severe (hospitalization or death). Serum samples will be used to detect antibodies induced by
infections that were not identi�ed or reported by participants, and to assess vaccine response by vaccine
type, time since vaccination, age group, and by presence of (medical) risk factors, and in persons with
and without previous infections. Furthermore, we will estimate the effect of prior vaccination on quality of
life after subsequent infection, and the extent of transmission within households. Lastly, we will assess
reported side effects (local and systemic) around the time of vaccination, and adverse events after
vaccination for which medical attention was sought.

Methods

Study design and population
This study has an observational population-based prospective cohort design. We enrolled participants
belonging to three different target populations for COVID-19 vaccination: 1) community-dwelling persons
aged 60–85 years, of whom approximately half are expected to have a medical risk condition [13], 2)
community-dwelling persons aged 18–59 years with a medical risk condition, and 3) community-dwelling
persons aged 18–59 years without a medical risk condition. Within each target group, we de�ned strata
based on the primary series vaccine brand. Participants must be able to understand Dutch, as all study
materials were written in Dutch, and were included irrespective of their COVID-19 vaccination status or
intention to get vaccinated.

Sample size and power
The sample size was determined by the requirements of the primary analysis, assessing VE against
symptomatic SARS-CoV-2 infection overall, and in the four subgroups de�ned by age and medical status,
at 9 months after start of the study when most participants would have at least 6 months follow-up.
Using R (version 3.6.3) gsDesign package (version 3.1.1), we assessed the sample size required to
achieve 90% power with 2.5% type 1 error (one-sided) with H0: VE ≤ 0% and H1: VE > 0%. When designing
the study in February 2021, assumptions were based on the infection rates at that time. During this period
the Alpha variant was dominant and one vaccine had been registered (Comirnaty). When assuming a 6-
month infection rate among unvaccinated individuals of 0.03 (i.e. incidence of ~ 17 per 100,000 per day)
and a vaccination coverage of 85%, we needed 42 �rst infection events, which was expected with 4237
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participants per stratum, to be able to detect a VE of 70% [4]. We increased the sample size of each
stratum by 15% (amounting to ~ 5000 participants) to account for loss to follow-up and uncertainty of
vaccine strata sizes.

We anticipated 10 different strata according to age group, medical risk group and vaccine type [6]:

− 60–85 year old: medical risk group yes/no, 3 different vaccines (6 strata)

− 18–59 year old: medical risk group yes/no, 2 different vaccines (4 strata)

When assuming equally-sized strata, we needed 4984*10 strata = ~ 50,000 participants in total. For the
stratum size by vaccine type, age group, and medical risk group we were dependent on the
implementation of the immunization program by the government. We could therefore not ensure equal
stratum sizes by vaccine product. With the projected sample size, we would be able to detect a 3.8-fold
difference in infection rate between different vaccine products (e.g. VE of 90% vs VE of 62%) within the
four strata according to medical risk group and age group with 80% power.

Recruitment
A random sample of the national Dutch Personal Records Database, containing all individuals with a
home or postal address in the Netherlands, strati�ed by age group (18–39, 40–59, 60–85 years) was sent
an invitation to participate in the study by regular mail. In addition, recruitment was also done through
(social) media. Speci�c recruitment of persons aged 18–59 years with a medical risk due to which they
were prioritized for COVID-19 vaccination was done via general practitioners (GPs). After sending the
initial invitations, the number of unvaccinated persons and persons vaccinated with Spikevax, Vaxzevria
and Janssen were relatively low in the VASCO study population. Therefore, two additional random
samples from the Personal Records Database were taken, speci�cally approaching individuals who were
not registered as vaccinated and individuals registered as vaccinated with Spikevax, Vaxzevria or
Janssen vaccine in CIMS. Potential participants could register themselves by entering the study website,
answer a few screening questions (age, not living in a health care facility), and submit their contact
details. After registration, they received a package by regular mail containing study information, an
informed consent form, and the self-sampling set for donating blood by a �ngerprick. Information
regarding use of the study website, the study mobile phone application, and login code was sent by e-
mail (Fig. 1).

Data collection
At baseline, participants were asked to complete a baseline questionnaire via the website or mobile phone
application. The baseline questionnaire included questions about sociodemographic factors (age, sex,
ethnicity, education, profession), health status (medical risk conditions, health care consumption,
medication use, previous con�rmed SARS-CoV-2 infections), vaccination status (COVID-19, in�uenza,
and/or pneumococcal vaccines) and behavioral responses to COVID-19 measures (visiting public places,
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face mask use, contacts, travelling, and physical distancing). Participants were also requested to donate
a self-collected �ngerprick blood sample for serology at baseline.

Follow-up information is also collected by digital questionnaires to be completed via the website or the
app. In the �rst year, participants receive a monthly questionnaire which includes questions on COVID-19
vaccination, SARS-CoV-2 testing, changes in health status, and behavioral responses to COVID-19
measures. In addition, participants receive validated wellbeing questionnaires every three months (12-
Item Short Form Survey and Checklist Individual Strength) [14–16]. Furthermore, participants are asked to
report all COVID-19 vaccinations and positive SARS-CoV-2 tests via the website or app (either a test by a
Public Health Service test center free-of-charge, a test at a commercial test center, or a self-test provided
to schools and people with limited funds through government and widely available in stores). As testing
at Public Health Service test centers is being scaled down and the government relies on self-testing for
the wider public, we will provide participants with self-tests, for use when COVID-19 like symptoms occur.
Each time a participant reports a positive test, follow-up questions are asked about symptoms and
disease course. These questions are repeated after one month and supplemented with questions on test
positivity and vaccination status of household members. One month after a participant reports a new
vaccination, follow-up questions are asked about side effects around the time of vaccination (local and
systemic) and unsolicited adverse events for which medical attention was sought within the �rst month
after vaccination. In years 2–5, participants are asked to complete a follow-up questionnaire every three
months containing similar questions as the monthly questionnaires in year 1. Participants are requested
to collect a �ngerprick blood sample at 6 and 12 months after inclusion, and blood sample collection are
planned for 24, 36, 48 and 60 months after inclusion. Participants are also asked to self-collect a
�ngerprick blood sample at one month after full primary vaccination (only when at least four weeks have
passed since the baseline sample). The serum samples are tested for the presence of SARS-CoV-2
nucleoprotein (N) and spike protein receptor binding domain (RBD)-speci�c antibodies to be able to
discern antibody responses following vaccination and infection. Where relevant, data from registries on
COVID-19 vaccination, SARS-CoV-2 infections, (COVID-19 related) death, and from hospitals and GPs on
health status will be linked to the study data. Additional �le 1 �gure S1 shows examples of data
collection schedules of individual participants in VASCO from start until end of the study. Additional data
collection can be easily added during the course of the study.

In the period December 2021 to March 2022, a subset of participants was requested to donate an
additional �ngerprick blood sample after con�rmation of a breakthrough infection. These samples will be
used to measure boosting characteristics of serum SARS-CoV-2 speci�c antibody responses, including
antibody avidity.

Processing and storage of blood samples
Self-collected �ngerprick blood samples are collected in 0.5 µl Greiner Minicollect tubes (#450533) and
returned in a pre-printed and addressed safety-bag envelope the same day. Upon arrival, blood samples
are immediately centrifuged. Serum is subsequently separated, aliquoted and stored at -80°C. The serum
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samples are tested for the presence of SARS-CoV-2 nucleoprotein (N) and spike protein receptor binding
domain (RBD)-speci�c antibodies using the Elecsys Anti-SARS-CoV-2 double-antigen sandwich
immunoassay (Roche Diagnostics). Antibody concentrations are expressed in Binding Antibody Units
(BAU)/mL according to the 1st international WHO standard (NIBSC code 20/136)[17].

Ethics
The VASCO study is conducted in accordance with the principles of the Declaration of Helsinki and the
study protocol was approved by the not-for-pro�t independent Medical Ethics Committee of the Stichting
Beoordeling Ethiek Biomedisch Onderzoek (BEBO), Assen, the Netherlands (NL76815.056.21). New
assessments will only be introduced into the study after approval by this Medical Ethics Committee.
VASCO was registered in the online Dutch clinical trials register (trialregister.nl, registration number
NL9279). After online registration for VASCO, participants received an informed consent by regular mail,
and written informed consent was obtained from all participants prior to enrollment into the study.
Participants can choose to consent to linking of their data in national and medical databases (e.g.,
COVID-19 vaccination, SARS-CoV-2 infections, (COVID-19 related) death, and health status from hospitals
and GPs) to their study data.

Data management and privacy protection
The collection and processing of personal data from participants enrolled in the study is limited to those
data that are necessary to ful�ll the objectives of the study. The data are collected and processed with
adequate precautions to ensure con�dentiality and compliance with general data protection regulations.
A privacy impact analysis was done to measure and assess the protection of the process of personal
data and to improve compliance of the privacy regulations. Appropriate procedures are implemented to
protect personal data against unauthorized disclosure, access, loss or alteration.

Results

Response
A total of 770,000 individuals received a personal invitation to participate in the study, and an unknown
number of individuals heard about the study via the social media campaign. Participants were included
from May 3, 2021 to December 15, 2021 (Additional �le 1, Figure S2). 60,405 participants subscribed on
the study website and received a baseline package including an informed consent form and a kit for self-
collection of a blood sample. 46,207 (76.5%) signed informed consent and were included in the study. Of
those included, 45,271 (98.0%) completed the baseline questionnaire and 43,577 (94.3%) returned the
baseline �ngerprick sample. Figure 2 shows an overview of the number of participants.

Cohort description
More women (62.9%) than men participate in the study (Table 1). The median age of all participants
combined is 61 years (95% range 25–76). The largest subgroup (n = 10,737; 23.7% of the sample)
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consists of women aged 60–69 years. As expected, a medical risk condition is present more often in
participants aged 60 years and above (n = 8,968; 37.9%) than in participants aged 18–59 years (n = 4,205;
19.5%). Most participants have a high education (56.5%) and were born in the Netherlands (94.5%). Using
the population classi�cation by origin by Statistics Netherlands [18], 5.1% of the VASCO participants is a
child of migrant(s) and 5.5% is migrant. Participants are distributed over all but one of the 352
municipalities of the Netherlands, with more participants in more densely populated areas (Fig. 3).

The anticipated sample size was (almost) reached for 6 out of the 10 prespeci�ed strata (Table 2). At
baseline, 89.1% of the participants reported to have been vaccinated at least once, 59.8% reported to be
fully vaccinated, and 12.2% reported to have received a booster vaccination (Table 1). Participants
reported to have been vaccinated (at least once, based on �rst dose) with Comirnaty (39.0%), Spikevax
(13.7%), Vaxzevria (36.1%), and Janssen (10.8%). The proportion of individuals who had been vaccinated
at least once at baseline was highest in the oldest age group of 80 years and older (98.5%) and lowest in
those 18 to 29 years of age (76.1%). Among vaccinated participants, 30.6% had a medical risk condition
relevant for being prioritized for COVID-19 vaccination compared to 17.3% in unvaccinated participants.
At baseline, 19.3% of the participants reported a previous SARS-CoV-2 infection, of which 65.7% were
laboratory-con�rmed.
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Table 1
Overview of baseline characteristics of VASCO participants until 28-03-2022

  Total (n = 45,271) 18–59 years (n = 
21,535)

60–85 years (n = 
23,684)

Sex (%)      

Male 16,774 (37.1) 5,956 (27.7) 10,798 (45.6)

Female 28,470 (62.9) 15,556 (72.2) 12,883 (54.4)

Other 27 (0.1) 23 (0.1) 3 (0.0)

Median age (years)* 60.9 (95% range
25–76)

48.1 (95% range
22–59)

65.1 (95% range
61–78)

Medical risk condition1, yes (%) 13,188 (29.1) 4,205 (19.5) 8,968 (37.9)

Lung disease or asthma 3,505 (7.7) 1,681 (7.8) 1,819 (7.7)

Diabetes 2,188 (4.8) 503 (2.3) 1,683 (7.1)

Cardiovascular disease 7,927 (17.5) 1,721 (8.0) 6,200 (26.2)

Immune de�ciency 852 (1.9) 425 (2.0) 426 (1.8)

Renal disease 265 (0.6) 82 (0.4) 183 (0.8)

Liver disease 104 (0.2) 51 (0.2) 53 (0.2)

Current cancer (treated or
untreated)

385 (0.9) 94 (0.4) 291 (1.2)

Migrant status (%)      

Dutch 40,394 (89.2) 18,916 (87.8) 21,434 (90.5)

Migrant 2,470 (5.5) 1,398 (6.5) 1,066 (4.5)

Child of migrant(s) 2,331 (5.1) 1,183 (5.5) 1,146 (4.8)

Missing 76 (0.2) 38 (0.2) 38 (0.2)

Educational level2 (%)      

Low 6,249 (13.8) 1,464 (6.8) 4,778 (20.2)

Intermediate 12,966 (28.6) 6,681 (31.0) 6,270 (26.5)

High 25,577 (56.5) 13,201 (61.3) 12,347 (52.1)

Other 468 (1.0) 188 (0.9) 279 (1.2)

Missing 11 (0.0) 1 (0.0) 12 (0.1)

Household size      
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  Total (n = 45,271) 18–59 years (n = 
21,535)

60–85 years (n = 
23,684)

1 person 7,155 (15.8) 2,876 (13.4) 4,270 (18.0)

2 persons 24,145 (53.3) 6,651 (30.9) 17,464 (73.7)

3 persons 5,459 (12.1) 4,073 (18.9) 1,380 (5.8)

4 persons 6,083 (13.4) 5,647 (26.2) 432 (1.8)

5 persons or more 2,427 (5.4) 2,287 (10.6) 137 (0.6)

Missing 2 (0.0) 1 (0.0) 1 (0.0)

Vaccination status3 at baseline
(%)

     

Unvaccinated 4,915 (10.9) 4,008 (18.6) 897 (3.8)

Partly vaccinated 7,781 (17.2) 3,143 (14.6) 4,625 (19.5)

Partly vaccinated and previous
infection

2,167 (4.8) 1,199 (5.6) 968 (4.1)

Fully vaccinated 24,899 (55.0) 10,436 (48.5) 14,436 (61.0)

Booster vaccinated 5,509 (12.2) 2,749 (12.8) 2,758 (11.6)

Vaccine product at baseline      

Comirnaty (BioNTech/P�zer) 15,754 (39.0) 6,671 (38.1) 9,061 (39.8)

Spikevax (Moderna) 5,544 (13.7) 5,212 (29.7) 328 (1.4)

Vaxzevria (AstraZeneca) 14,558 (36.1) 1,203 (6.9) 13,340 (58.5)

Janssen 4,367 (10.8) 4,348 (24.8) 19 (0.1)

Other 26 (0.1) 17 (0.1) 9 (0.0)

Unknown 26 (0.1) 13 (0.1) 13 (0.1)

Missing 81 (0.2) 63 (0.4) 17 (0.1)

(Previous) Covid-19 infection
(%)

     

Yes, con�rmed with test 5,749 (12.7) 3,521 (16.4) 2,226 (9.4)

Yes, but not con�rmed with test 3,001 (6.6) 1,894 (8.8) 1,105 (4.7)

No 30,747 (67.9) 12,963 (60.2) 17,746 (74.9)

Unknown 5,762 (12.7) 3,156 (14.7) 2,596 (11.0)

Missing 12 (0.0) 1 (0.0) 11 (0.0)
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  Total (n = 45,271) 18–59 years (n = 
21,535)

60–85 years (n = 
23,684)

* Age was missing for 52 participants.

1 Medical risk condition: one or more of following conditions: diabetes (type 1, type 2, type unknown),
lung disease or asthma, missing spleen, cardiovascular disease, immune de�ciency, cancer (currently
untreated, currently treated, untreated), liver disease, neurological disease, renal disease, organ or
bone marrow transplantation.

2 Educational level: low = no education or primary education; intermediate = secondary school or
vocational training; high = bachelor’s degree or university

3 Vaccination status (self-reported): unvaccinated = no vaccination received, or one dose (Janssen,
Vaxzevria, Comirnaty or Spikevax) < 7 days ago; partly vaccinated = one dose (Janssen, Vaxzevria,
Comirnaty or Spikevax) 7 + days ago, or two doses (Vaxzevria, Comirnaty or Spikevax) < 14 days ago;
fully vaccinated = one dose (Janssen) 28 + days ago, or two doses of (Vaxzevria, Comirnaty or
Spikevax) 14 + days ago; booster vaccinated = three doses (Vaxzevria, Comirnaty or Spikevax) 7 + 
days ago or two doses (�rst dose Janssen) at least 3 months apart 7 + days ago

Table 2
Number of participants per stratum at baseline

  Vaccinated participants (at least once, �rst dose,
self-reported)

Unvaccinated Total

  Comirnaty Spikevax Vaxzevria Janssen    

18-59y + no medical
risk group

4,831 4,200 874 4,898 3,444 17,247

18-59y + yes
medical risk group

1,840 1,012 329 450 564 4,195

60-85y + no medical
risk group

5,270 145 8,652 13 612 14,692

60-85y + yes
medical risk group

3,791 183 4,688 6 285 8,953

Follow-up
By the end of March 2022, 33,857 (74.8%) participants had reported to have received a booster
vaccination, 9,267 (20.5%) participants reported to have been fully vaccinated without a booster, 486
(1.1%) participants reported to be partly vaccinated and to have had a previous infection, 504 (1.1%)
participants reported to be partly vaccinated without a previous infection, and 1,157 (2.5%) participants
reported to be unvaccinated (Fig. 4).

By 28 March 2022, 44,721 (98.8%) participants had completed at least one follow-up questionnaire, and
11,161 (24.7%) participants had returned a follow-up �ngerprick sample after a vaccination. Fingerprick
samples after vaccination were often within 4 weeks of the baseline sample, in which case we did not
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request the one-month post-vaccination sample. By 28 March 2022, 20,533 6-month �ngerprick samples
had been returned (79% of the sampling packages that had been sent to the participants). By 28 March
2022, 4,410 participants (9.5%) have dropped out of the study at their own request.

During the �rst eleven months of the study, a total of 11,345 infections were reported by participants
(10.98 per 1,000 person weeks). Until the beginning of February 2022, peaks in reported infections
coincide with periods of high number of infections in the Dutch population (Fig. 5)[19]. Surprisingly,
thereafter, the VASCO participants reported a higher number of infections compared with the general
population. This could be due to increased use of self-testing (without con�rmation and therefore not
included in the national numbers) and/or VASCO participants were more willing to test compared with the
general population. Virus particles measured in wastewater did show comparable high numbers in
February and March 2022 [20].

Vaccination status: partly vaccinated = one dose (Janssen, Vaxzevria, Comirnaty or Spikevax) 7 + days
ago, or two doses (Vaxzevria, Comirnaty or Spikevax) < 14 days ago; fully vaccinated = one dose
(Janssen) 28 + days ago, or two doses of (Vaxzevria, Comirnaty or Spikevax) 14 + days ago; booster
vaccinated = three doses (Vaxzevria, Comirnaty or Spikevax) 7 + days ago or two doses (�rst dose
Janssen) at least 3 months apart 7 + days ago

Black line represents incidence per 100,000 persons in the Dutch population per day weighted according
to age distribution of VASCO cohort. Blue bars represent incidence per 100,000 participants in VASCO.

Discussion
Within a year after the �rst COVID-19 vaccines became available, 45,271 participants have been recruited
into the Dutch VASCO population cohort, and will be followed for 5-years, enabling monitoring of the real-
world VE of different COVID-19 vaccines across different age groups and medical risk groups. We will link
the extensive study data with register data to study VE adjusted for potential confounders and to study
effect modi�ers of VE.

Some limitations need to be discussed. VASCO participants are more often women (i.e. 62.9% in our
cohort vs. 50.3% in the Dutch population) [21] and are more often highly educated (56.3% vs. 40.0%)
compared to the overall population in the Netherlands [22]. Participants were also more often of Dutch
ethnicity (89.7% vs. 75.4%). No persons under the age of 18 years or persons living in an institution were
included. The vaccination coverage for the primary series among VASCO participants (based on self-
report) is higher compared to the Dutch adult population (95.9% vs 86.3%) [8] and unvaccinated
participants are underrepresented in VASCO (2.7% vs. 10.9%). This selection might lead to reduced
statistical power to study differences between vaccinated and unvaccinated participants and might
affect the generalizability of our results to the Dutch population. We oversampled people vaccinated with
Spikevax, Vaxzevria or Janssen vaccine and with a medical risk condition to be able to assess
differences in VE between vaccines and medical risk groups. However, we did not succeed in including
5,000 participants in all strata mainly because of the unequal distribution of the vaccine types in different
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age and risk groups in the Netherlands. Spikevax was less commonly used for the �rst and second dose
and less frequently given to people above 60 years in the primary series. Vaxzevria was only administered
to health care workers at the start of the vaccination campaign. Later on, due to the rare side effects of
thrombosis in combination with thrombocytopenia in people below 60 years of age, Vaxzevria was only
given to people between 60–65 years of age. Janssen was only administered to health care workers,
people born in 1967, 1968 and 1976, and from august 2021 onwards to people who chose Janssen
themselves (only one dose was required). Also, the participating GPs were overloaded with COVID-19-
related work at the time of recruitment and were not able to send VASCO invitation letters to all persons in
their care with a medical risk condition. Therefore, only 20% of the participants between 18 and 60 years
have a medical risk condition, falling short of our goal of 50%. In the age group 60–85 years, 38% of the
participants have a medical risk condition compared to 51% in the general population [13]. To reduce loss
to follow-up, we will periodically share interim study results through newsletters and on the study website
to keep the participants involved in the study. To reduce misclassi�cation of the determinant (vaccination
status) and outcome (SARS-CoV-2 infection) we ask the VASCO participants to use a noti�cation button
when they are vaccinated or infected. In addition, we use serology to identify not previously con�rmed
SARS-CoV-2 infections, and we will use linkage to national registers on vaccination and infection where
possible.

Future currently unforeseen research questions can easily be addressed within this cohort, either using
existing data or by adding additional data collection. Substudies embedded into this cohort study can be
designed at a later stage, for example to evaluate the effects of changes in the vaccination and booster
campaigns, and of newly introduced virus variants in the population. The �rst substudy, embedded in
VASCO in December 2021, is a study in a subset of participants with breakthrough infections after
vaccination, and a second substudy will include participants who are vaccinated during pregnancy to
evaluate pregnancy outcomes.

Conclusions
To conclude, given the size of VASCO, composition of the study population, design of the study, and aims
of investigation, VASCO offers an unique opportunity to study the (long-term) performance of COVID-19
vaccines against SARS-CoV-2 infections and disease in the Netherlands. Results can contribute to
vaccine policy of COVID-19 in the Netherlands and the rest of the world. Moreover, the study provides an
infrastructure to conduct further studies and to anticipate on changing vaccination campaigns and
testing policy, and new virus variants in the COVID-19 pandemic.
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Figure 1

Flow chart of inviting participants until end of study
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Figure 2

Overview of the number of participants and collected materials collected until 28-03-2022

* drop-outs are de�ned as those who actively noti�ed that they did not want to participate anymore
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Figure 3

Distribution of participants over the municipalities in the Netherlands
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Figure 4

Vaccination status (self-reported) in participants

Figure 5
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Number of infections reported in VASCO study population per 100,000
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