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Abstract

Lower COVID-19 vaccination coverage was observed among some populations with a migration
background in the Netherlands. This study examined determinants of being unvaccinated
against COVID-19 in the primary vaccination round in adults and in the 2022 autumn booster
round in persons aged =60 years, among four populations of non-Dutch origin with below
average vaccination coverage: Moroccan, Turkish, Surinamese and Dutch-Caribbean, and
persons of Dutch origin. We performed a population-wide register-based study, examining
associations between potential determinants and being unvaccinated using multivariable logistic
regression and computing population attributable fractions. Being a migrant with two foreign-
born parents, younger age, living in highly/extremely urban areas and having a lower income,
lower education level and low medical risk for severe COVID-19 were risk factors for being
unvaccinated in all populations. Substantial differences in the (strength of) determinants and
population attributable fractions between populations were also observed. Socioeconomic status
only partially mediated the association with being a migrant with two foreign-born parents.
These findings illustrate that interventions targeting specific ethnic minority and migrant
populations need further study with the aim to optimize the impact of vaccination programmes
and improve health equity. To understand reasons behind non-uptake and design (community-
based) interventions, qualitative and survey-based research is needed.

Introduction

The COVID-19 pandemic increased health inequities both between and within countries. Not
only are older adults and individuals with underlying medical conditions at higher risk of severe
COVID-19 but also socioeconomically disadvantaged groups and ethnic minorities and migrants
have been disproportionally affected [1, 2]. Having a migration background has been associated
with increased risk of SARS-CoV-2 infection and increased COVID-19 severity in several high-
income countries [1, 3-5]. In the Netherlands, COVID-19 hospitalization rates have remained
relatively high among persons with a migration background, regardless of vaccination
[6]. Explanations for this include that people with a migration background and socioeconomic
disadvantaged groups are more likely to work in professions with greater interpersonal contact
and live in crowded housing conditions, which could explain the higher infection risk, while a
higher prevalence of comorbidities and obesity and poorer ability to navigate the healthcare
system may increase severity [1, 7]. COVID-19 vaccination offers protection against severe
disease, with >70% vaccine effectiveness of the primary series up to six months post-vaccination
[8], and death. Booster rounds have been rolled out to improve and maintain protection over time
[9]. To protect everyone and avoid increasing disparities, vaccination coverage should be
particularly high in population groups with a high disease burden [10]. However, vaccine uptake
is reported to be below average among subpopulations, including migrant and ethnic minority
populations [2, 11-14].

In the Netherlands, vaccination against COVID-19 started on 6 January 2021 [9]. The
primary vaccination series was implemented in a step-wise manner, until the whole population
aged 12 years and older had been invited by mid-July 2021. While the primary series remained
available, successive booster rounds started in November 2021, February 2022, and every autumn
since 2022 [15]. Uptake of at least one dose of COVID-19 vaccine and vaccine uptake during the
2022 autumn booster campaign were generally lower among individuals of non-Dutch compared
to Dutch origin [2, 14]. In the Dutch National Immunisation programme, differences in vaccine
uptake by (parents’) country of origin have also been observed [16—19]. Lower socioeconomic
status in these populations may partially explain this, combined with a complex interplay
between being of non-Dutch origin and trust in vaccination and government policy, risk
perception of the disease, and influences from one’s social network [20, 21].
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Previous registry-based research into sociodemographic deter-
minants of COVID-19 vaccine uptake in the overall Dutch popu-
lation has identified age, income, socioeconomic position, whether
a person or their parent(s) were born in the Netherlands, and
political preference as important factors [2, 14]. The current study
seeks to explore determinants of being unvaccinated against
COVID-19 in the primary vaccination round in adults and in the
2022 autumn booster round in persons aged 60 years and older
among four populations of non-Dutch origin: Moroccan, Turkish,
Surinamese, and Dutch-Caribbean origin. We chose these groups
as they had relatively large numbers of unvaccinated individuals
and low vaccine uptake. We focussed on persons aged 260 years for
the 2022 autumn booster campaign analyses because this high-risk
age group was targeted in this booster campaign. Determinants
were compared between these populations and with the population
of Dutch origin. Improved understanding of determinants of being
unvaccinated may provide guidance for future studies and strat-
egies aiming to improve uptake within these groups.

Methods
Study design and population

We performed a population-wide retrospective database study
among four populations of non-Dutch origin and, for comparison,
persons of Dutch origin. For the analyses of the primary vaccination
series, we included all persons aged >18 years in these populations,
as registered in the national Personal Records Database of the
Netherlands on 5 January 2021 [22]. For the analyses of the 2022
autumn booster campaign, the study population comprised all
individuals aged 260 years in these populations, who were regis-
tered in both the personal records database and the national
COVID-19-vaccination registry (COVID-19 Information and
Monitoring System (CIMS [23])) on 18 September 2022 (the day
before the vaccination campaign started) with at least one previous
COVID-19 vaccination before the 2022 autumn booster campaign.
The 2022 autumn booster campaign was the first autumn booster
campaign targeted at persons aged =60 years and persons with
underlying medical conditions, similar to subsequent years. For
comparison, the analyses of the primary vaccination series were
also performed among persons aged >60 years (results described in
Supplement 6).

The study population was categorised into 14 foreign countries/
regions of origin based on the classification of country of origin by
Statistics Netherlands (CBS) [24]. Country/region of origin was
defined based on an individual’s and their parents’ country of birth.
The countries/regions for which the number of unvaccinated indi-
viduals was relatively high and vaccine uptake of the primary series
was low were selected for the analyses (Supplement 1). The four
thus selected countries/regions of origin were Morocco, Turkey,
Suriname, and Caribbean part of the Kingdom of the Netherlands.
For comparison, the analyses were repeated in persons of Dutch
origin.

This study was reported following the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [25].

Data sources and variables

The outcome of interest was vaccination status. Vaccination data
were obtained from CIMS. Vaccine uptake of the primary series
was defined as having received at least one COVID-19 vaccination
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between the launch of the COVID-19 vaccination programme
on 6 January 2021 and the start of the first booster vaccination
campaign on 18 November 2021. Completion of the primary
series could not be assessed, since previous infections are not
registered in the CIMS database, while individuals with a prior
SARS-CoV-2 infection required only one vaccination to complete
the primary series in the Netherlands. Vaccine uptake of the 2022
autumn booster round was defined as having received a COVID-
19 vaccination labelled as ‘booster’ between 19 September 2022
and 15 September 2023.

Vaccinated individuals who did not consent to registration of
their vaccination in CIMS were included as unvaccinated. Individ-
uals who did not consent to registration of their primary vaccin-
ation series (7% of vaccinees) were not included in the autumn
booster analysis, as they were not eligible for booster vaccination
[23]. In the 2022 autumn booster round, 99.2% consented to
registration in CIMS [23].

Data on the potential determinants of being unvaccinated were
obtained from CBS registers (Supplement 2) and selected based on
previous studies [2, 14, 18, 26-28]. At the individual level, we
included age, sex, migration background (whether a persons and/or
their parents were born in the Netherlands), socioeconomic pos-
ition (primary source of income), and medical risk group (risk of
severe COVID-19 based on underlying health conditions). Income,
vehicle ownership, education level (highest completed education
level of the household’s main earner or their partner), urbanisation
level, and distance to the nearest long-term vaccination location
were included at the household level. The determinant data were
linked to the vaccination data using pseudonymised citizen service
numbers within the remote access environment of the CBS. Persons
for which data on all variables were available were included in the
final analyses (percentages of missing data are mentioned in
Tables 1 and 2).

Statistical analyses

To identify independent determinants and mediators, we built
several multivariable logistic regression models by subsequently
adding (sets of) variables to the previous model. The sets reflect
the proximity of the determinants to the outcome, from most distal
to most proximate, based on prior assumptions about causality. To
avoid inappropriately adjusting odds ratios for mediating factors
[29], we present the adjusted odds ratios (aORs) of non-uptake of
vaccination of the model where the variable was first introduced.
First, a model including age, sex, and migration background was
estimated. Socioeconomic position, household income, and house-
hold education level were added in model 2, medical risk group in
model 3, urbanization level in model 4, household car ownership in
model 5, and distance to the nearest long-term vaccination location
in model 6. In a post-hoc sensitivity analysis, the medical risk group
was added in model 2 and the socioeconomic factors in model 3. To
assess whether the association with migration background was
explained by other variables, we examined the change in aOR of
migration background as more variables were added to the model.

Furthermore, population attributable fractions (PAFs) were
calculated. The PAFs estimate the percentage of non-uptake of
COVID-19 vaccination that can be attributed to each determinant.
The PAFs were calculated based on probabilities estimated through
an adaptation of model 6, whereby some categories were merged
and reference levels were adapted to ease interpretation of the PAFs.
The PAFs were calculated as the change in probability of non-
uptake when the value of the determinant was changed from the
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Table 1. Characteristics of the populations by country of origin aged 18 years and older used for the analyses of determinants of being unvaccinated in the primary
COVID-19 vaccination round

Moroccan origin Turkish origin Surinamese origin Dutch-Caribbean origin Dutch origin
N % N % N % N % N %
Total 294,480 333,090 304,370 136,230 10,660,430
Sex
Male 149,160 50.7 171,810 51.6 142,550 46.8 67,850 49.8 5,278,860 49.5
Female 145,320 49.3 161,290 48.4 161,820 53.2 68,380 50.2 5,381,570 50.5
Age
18-22 36,610 12.4 35,130 10.5 25,930 8.5 16,070 11.8 774,790 7.3
2327 32,090 10.9 37,540 11.3 26,350 8.7 18,260 13.4 745,180 7.0
28-32 32,620 111 39,430 11.8 29,230 9.6 17,070 12.5 750,360 7.0
33-37 31,760 10.8 36,000 10.8 30,470 10.0 14,610 10.7 704,150 6.6
38-42 33,070 11.2 38,130 114 27,100 8.9 12,640 9.3 697,920 6.5
4347 31,240 10.6 35,340 10.6 25,710 8.4 10,450 7.7 740,040 6.9
48-52 28,080 9.5 35,340 10.6 30,840 10.1 10,820 79 961,020 9.0
53-57 21,630 73 27,990 8.4 29,480 9.7 9,380 6.9 998,150 9.4
58-62 15,510 53 18,440 55 26,610 8.7 9,030 6.6 968,580 9.1
63-67 9,750 33 9,510 29 21,340 7.0 7,210 53 873,750 8.2
68-74 10,250 3.5 9,860 3.0 18,030 5.9 6,570 48 1,159,940 10.9
75+ 11,870 4.0 10,390 31 13,290 4.4 4,110 3.0 1,286,550 12.1
Migration background®
Born NL, 1p 12,770 4.3 17,390 5.2 42,430 13.9 24,720 18.1 NA NA
Born NL, 2p 112,310 38.1 1,22,620 36.8 86,370 28.4 18,430 13.5
Migrant, 1p 250 0.1 480 0.1 3,000 1.0 4,320 3.2
Migrant, 2p 169,020 57.4 1,92,380 57.8 170,950 56.2 81,880 60.1
Migrant, 2p NL 120 0.0 220 0.1 1,620 0.5 6,880 51
Socioeconomic position
Employee 118,740 403 145,180 436 158,730 52.2 69,540 51.0 5,322,300 499
Self-employed 21,950 75 35,630 10.7 18,210 6.0 7,960 5.8 7,98,650 7.5
Pensioner 28,500 9.7 26,050 7.8 41,830 13.7 13,940 10.2 2,928,190 27.5
Child or student 24,430 8.3 25,020 7.5 22,050 7.2 16,980 12,5 566,690 53
On benefits 76,470 26.0 25,730 22.7 53,970 17.7 23,750 17.4 272,390 26
Other/unknown 24,410 8.3 75,490 7.7 9,580 3.1 4,060 3.0 772,210 7.2
Income™*
<10,000 9,530 3.2 10,790 3.2 10,310 3.4 10,390 7.6 223,900 2.1
10,000-20,000 109,810 37.3 91,290 27.4 69,750 229 36,380 26.7 1,229,840 11.5
20,000-30,000 85,020 28.9 94,230 28.3 81,600 26.8 36,770 27.0 2,815,900 26.4
30,000—-40,000 52,920 18.0 75,540 22.7 71,690 23.6 26,770 19.7 2,892,640 27.1
40,000-50,000 22,320 7.6 35,610 10.7 40,960 13.5 13,810 10.1 1,851,480 17.4
50,000—1,00,000 11,730 4.0 20,510 6.2 26,250 8.6 9,990 7.3 1,489,450 14.0
=1,00,000 740 0.3 1,420 0.4 1720 0.6 910 0.7 141,350 13
Education level**
Primary 53,930 18.3 51,970 15.6 16,160 53 7,490 5.5 177,020 1.7
Lower secondary 69,150 235 71,360 214 49,560 16.3 19,630 14.4 1,261,790 11.8
Upper secondary 108,350 36.8 135,280 40.6 143,260 47.1 64,740 475 5,045,150 47.3
(Continued)
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Table 1. (Continued)

Moroccan origin Turkish origin Surinamese origin Dutch-Caribbean origin Dutch origin
N % N % N % N % N %
Bachelor 38,400 13.0 46,830 14.1 59,090 19.4 25,680 18.9 2,595,510 24.3
Master, doctor 18,330 6.2 21,160 6.4 28,320 9.3 14,060 10.3 1,382,250 13.0
Medical risk

Low 218,960 74.4 251,770 75.6 216,730 71.2 106,020 77.8 7,850,350 73.6

Moderate 69,930 23.7 74,000 222 78,530 25.8 26,560 19.5 2,520,770 23.6

High 5,600 1.9 7,320 2.2 9,110 3.0 3,650 2.7 289,310 2.7
Urbanization level

Not urban 3,760 13 4,410 13 7,130 2.3 5,560 4.1 2,035,740 19.1

Somewhat urban 12,000 4.1 15,130 4.5 13,700 4.5 8,550 6.3 1,937,680 18.2

Moderately urban 30,800 10.5 42,690 12.8 34,000 11.2 16,030 11.8 2,061,160 19.3

Highly urban 83,460 28.3 102,890 30.9 90,980 29.9 40,650 29.8 2,614,900 24.5

Extremely urban 164,420 55.8 167,940 50.4 158,510 52.1 65,410 48.0 2,010,590 18.9
Vehicle ownership”

No 81,540 27.7 80,800 243 103,030 339 56,690 41.6 8,825,180 17.2

Yes 212,940 723 252,290 75.7 201,340 66.1 79,540 58.4 1,835,250 82.8
Distance to vaccination location”

<1 km 35,520 12.1 38,080 114 37,520 12.3 15,340 11.3 351,010 3.3

1-3 km 86,440 29.4 86,080 25.8 96,840 31.8 37,410 27.5 1,756,250 16.5

3-5km 70,010 23.8 77,560 233 73,550 24.2 30,310 22.2 1,571,880 14.7

5-10 km 53,800 18.3 70,600 21.2 58,690 19.3 28,120 20.6 3,204,990 30.1

210 km 48,720 16.5 60,780 18.2 37,780 12.4 25,050 18.4 3,776,310 354

Note: Following CBS publication guidelines, all tables exclude frequencies <10 and all numbers and percentages are rounded to the nearest ten to avoid personally identifiable information.
?Born NL, 1p = born in the Netherlands with one parent born abroad; Born NL, 2p = born in the Netherlands with two parents born abroad; Migrant, 1p = born abroad with one parent born abroad;
Migrant, 2p = born abroad with two parents born abroad; Migrant, 2p NL = born abroad with two parents born in the Netherlands.

PMeasured at the household level.

“Percentage unknown ranged between 0.2% and 1.1% for income, between 1.9% and 3.4% for the education level, and between 0.003% and 0.02% for the urbanisation level.

9Education levels are described in more detail in Supplement 2.

original level (Py) to the scenario level (Py.y), ie., the reference
level:

27,180 of Turkish origin, 54,750 of Surinamese origin, 16,900 of
Dutch-Caribbean origin, and 3,434,890 of Dutch origin. The 60-plus
populations of Moroccan and Turkish origin for the analyses of the
2022 autumn booster round were limited to migrants with two
foreign-born parents (Moroccan: 26,490 persons, Turkish: 27,060
persons) because the other migration background categories con-
tained too few individuals.

Uptake of at least one COVID-19 vaccination in the primary
vaccination round and in the 2022 autumn booster round varied
between the countries of origin (uptake primary vaccination: Moroc-
can: 40.5%, Turkish: 53.4%, Surinamese: 62.9%, Dutch-Caribbean:
51.8%, Dutch: 84.9%, uptake autumn booster round: Moroccan: 8.3%,

PAF = (Py — Pycen) /P * 100.

All analyses were conducted in RStudio, version 4.2.3, using tidy-
verse and the lubridate, stats, and broom packages.

Ethics statement

This study was deemed exempt from the law for medical research
involving human subjects by the Centre for Clinical Expertise at

the RIVM. ( 4 _
Turkish: 14.7%, Surinamese: 46.4%, Dutch-Caribbean: 50.6%, Dutch:
69.5%). Supplements 3 and 4 show vaccine uptake by determinant.
Results For several potential determinants of being unvaccinated, the

Descriptive analyses

On 5 January 2021, the population of the Netherlands aged
>18 years included 294,480 persons of Moroccan origin, 333,090
of Turkish origin, 304,370 of Surinamese origin, 136,230 of Dutch-
Caribbean origin, and 10,660,430 of Dutch origin. The study popu-
lation aged 260 years with at least one vaccination before the 2022
autumn booster round included 26,550 persons of Moroccan origin,

distributions were similar in the populations of Turkish and
Moroccan origin but differed from the populations of Dutch-
Caribbean and Surinamese origin (Tables 1 and 2). In the study
populations of both vaccination rounds, the proportion of people
working in employment, i.e., primary source of income was a salary
from their employer (as opposed to self-employment or another
primary source of income), income (only autumn booster round),
education level, and vehicle ownership were lower in the former
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Table 2. Characteristics of the populations by country of origin aged 60 years and older used for the analyses of determinants of being unvaccinated in the autumn
2022 COVID-19 booster round

Moroccan origin Turkish origin Surinamese origin Dutch-Caribbean origin Dutch origin
N % N % N % N % N %
Total 26,550 27,180 54,750 16,900 3,434,890
Sex
Male 14,440 54.4 13,310 49.0 24,030 43.9 7,760 45.9 1,632,320 47.5
Female 12,110 45.6 13,870 51.0 30,720 56.1 9,140 54.1 1,802,570 525
Age
60-69 14,530 54.7 15,740 57.9 35,370 64.6 10,620 62.8 1,615,430 47.0
70-79 8,620 325 8,510 313 14,840 27.1 5,160 30.5 1,253,180 36.5
80+ 3,400 12.8 2,930 10.8 4,540 8.3 1,130 6.7 566,280 16.5
Migration background®
Born NL, 1p . . 60 0.2 2,000 3.7 590 3.5 NA NA
Born NL, 2p . . . . 390 0.7 60 0.4
Migrant, 1p 20 0.1 20 0.1 580 1.2 970 5.7
Migrant, 2p 26,490 99.8 27,060 99.6 51,370 93.8 12,670 75.0
Migrant, 2p NL 40 0.2 40 0.1 410 0.7 2,610 15.4
Socioeconomic position
Employee 2,440 9.2 2,630 9.7 11,830 216 3,600 213 538,530 15.7
Self-employed 300 1.8 680 2.5 1,450 2.6 480 2.8 128,820 3.8
Pensioner 16,980 64.0 15,830 58.2 32,020 58.5 10,030 59.3 2,517,620 73.3
On benefits 5,540 20.9 6,830 251 8,340 15.2 2,280 135 166,290 4.8
Other/unknown 1,280 4.8 1,210 45 1,120 2.0 510 3.0 83,630 24
Income®™*
<10,000 190 0.1 310 11 700 13 480 2.8 14,990 0.4
10,000-20,000 14,650 55.2 13,600 50.0 13,260 24.2 4,190 24.8 311,080 9.1
20,000-30,000 7,500 282 7,720 28.4 19,070 348 4,890 28.9 1,368,420 39.8
30,000-40,000 2,570 9.7 3,190 11.7 10,970 20.0 3,450 20.4 892,440 26.0
40,000-50,000 1,070 4.0 1,420 5.2 6,070 111 2020 12.0 457,290 13.3
50,000-1,00,000 510 1.9 810 3.0 4,340 7.9 1,630 9.6 354,940 10.3
>1,00,000 20 0.01 60 0.2 220 0.4 150 0.9 33,280 1.0
Education level*“¢
Primary 10,990 41.4 10,040 36.9 5,330 9.7 1,260 7.5 77,090 2.2
Lower secondary 10,010 37.7 9,850 36.2 15,430 28.2 3,540 20.9 722,690 21.0
Upper secondary 3,750 14.1 4,840 17.8 22,230 40.6 7,140 42.2 1,722,220 50.1
Bachelor 1,070 4.0 1,440 5.3 7,670 14.0 3,080 18.2 647,300 18.8
Master, doctor 500 1.9 650 2.4 2,790 51 1,270 7.5 191,240 5.6
Medical risk
Low 10,080 38.0 10,210 37.6 23,770 43.4 8,950 53.0 1,928,250 56.1
Moderate 15,380 57.9 15,840 583 28,100 513 7,060 418 1,354,440 39.4
High 1,090 4.1 1,140 4.2 2,880 53 890 53 152,200 4.4
Urbanization level*
Not urban 190 0.7 200 0.7 1,140 2.1 900 53 652,610 19.0
Somewhat urban 790 3.0 900 33 2,000 3.7 1,320 7.8 633,080 18.4
Moderately urban 2,540 9.6 3,230 11.9 5,460 10.0 2,410 143 695,670 20.3
(Continued)
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Table 2. (Continued)

Moroccan origin Turkish origin Surinamese origin Dutch-Caribbean origin Dutch origin
N % N % N % N % N %

Highly urban 6,770 25.5 8,150 30.0 14,850 27.1 5,400 32.0 881,110 25.7

Extremely urban 16,270 61.3 14,710 54.1 31,300 57.2 6,870 40.7 571,370 16.6
Vehicle ownership®

No 13,820 52.1 12,910 47.5 22,310 40.7 6,460 38.2 642,090 18.7

Yes 12,730 479 14,270 52.5 32,440 59.3 10,440 61.8 2,792,800 81.3
Distance to vaccination location”

<1 km 2,650 10.0 2,500 9.2 4,860 8.9 1,360 8.0 158,250 4.6

1-3km 10,600 40.0 9,510 35.0 22,370 40.9 5,850 34.6 744,820 21.7

3-5km 8,010 30.2 7,860 28.9 17,470 31.9 4,440 26.3 671,070 19.5

5-10 km 2,780 10.5 4,180 15.4 7,170 13.1 3,250 19.2 1,020,530 29.7

210 km 2,500 9.4 3,130 11.5 2,870 5.2 2,000 11.8 839,150 24.4

Note: Following CBS publication guidelines, all tables exclude frequencies <10 and all numbers and percentages are rounded to the nearest ten to avoid personally identifiable information.
Excluded numbers are replaced by “..”
?Born NL, 1p =born in the Netherlands with one parent born abroad; Born NL, 2p =born in the Netherlands with two parents born abroad; Migrant, 1p = born abroad with one parent born abroad;

Migrant, 2p = born abroad with two parents born abroad; Migrant, 2p NL = born abroad with two parents born in the Netherlands.

PMeasured at the household level.

“Percentage unknown ranged between 0.02% and 0.5% for income, between 0.9% and 3.6% for the education level, and between 0.00% and 0.03% for the urbanisation level.

9Education levels are described in more detail in Supplement 2.

populations. In the study population of the primary vaccination
round, over one-third of people of Moroccan (38.1%) and Turkish
(36.8%) origin were born in the Netherlands to two foreign-born
parents, compared to only 13.5% of people of Dutch-Caribbean
origin. The distributions of sex, age, medical risk, urbanization
level, and distance to vaccination location were broadly similar
across the four populations of non-Dutch origin in both vaccin-
ation rounds.

Determinants of being unvaccinated in the primary vaccination
round

For many determinants, the associations were similar in all four
populations of non-Dutch origin, but some differences were observed
(Table 3). Overall, the odds of being unvaccinated in the primary
vaccination round among persons aged >18 years increased as age
decreased. This trend was observed for age groups below 63, 58, and
48 years in the populations of Surinamese, Moroccan, and Turkish
origin, respectively. The odds of being unvaccinated were particularly
high among young persons of Dutch-Caribbean or Moroccan origin
(aORs >5 below 38 and 33 years, respectively). The odds of being
unvaccinated in the primary vaccination round increased as income
and education level decreased. The association with education was
strongest in the population of Dutch-Caribbean origin. Being self-
employed (aORs ranging between 1.53 and 1.75 for different coun-
tries of origin), a pensioner (aORs between 1.09 and 1.80), on benefits
(aORs between 1.34 and 1.47) or having other/unknown socioeco-
nomic position (aORs between 1.51 and 1.86) were associated with
lower uptake in nearly all populations of non-Dutch origin. Moderate
or no medical risk compared to high medical risk was also associated
with lower uptake. Similar associations with age, income, education
level, socioeconomic position, and medical risk were observed among
persons of Dutch origin. Adding medical risk group to the model
before income, education level, and socioeconomic position in the
sensitivity analyses hardly changed the aORs of these socioeconomic

variables, while the associations between moderate or no medical risk
and being unvaccinated were somewhat weaker when not adjusted for
these socioeconomic factors.

Being a migrant (i.e., born abroad) or being born in the Neth-
erlands with two foreign-born parents, compared to being born in
the Netherlands with one foreign-born parent, increased the odds
of being unvaccinated in the primary vaccination round in all four
populations of non-Dutch origin (born in the Netherlands with two
foreign-born parents: aORs between 1.56 and 3.67, migrant with
two foreign-born parents: aORs between 1.10 and 3.39). The asso-
ciation between being a migrant with two parents born abroad and
being unvaccinated was reduced by adding socioeconomic position,
income, and education level to the model, but hardly changed after
adding any of the other variables in the populations of Dutch-
Caribbean and Moroccan origin (Supplement 5; Table S5.1). This
indicates that socioeconomic status partially mediates the associ-
ation between being a migrant with two foreign-born parents and
being unvaccinated. Among people of Turkish origin, the associ-
ation was weak (aOR = 1.10) and inverted after adjustment for
socioeconomic variables. For persons of Surinamese origin, the
rather weak association (aOR = 1.21) weakened further after adjust-
ment for socioeconomic variables. The association between being a
migrant with one foreign-born parent and being unvaccinated in
the primary vaccination round varied between populations from
different countries of origin.

The associations between vaccine uptake and sex, urbanisation
level, vehicle ownership, and distance to vaccination location
were weaker or more ambiguous. Living in a highly or extremely
urban area compared to a rural area was generally associated with
lower uptake (aORs between 1.07 and 1.47) in the populations of
non-Dutch origin, while the associations with living in a some-
what or moderately urban area were inconsistent. Associations
between urbanisation level and being unvaccinated were strongest
among persons of Moroccan origin, for whom the odds of being
unvaccinated increased with each urbanisation level (aORs from
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Table 3. Results of multilevel multivariable models of the association between determinants and being unvaccinated in the primary COVID-19 vaccination round
among persons aged 18 years and older of Moroccan, Turkish, Surinamese, Dutch-Caribbean and Dutch origin

Moroccan origin Turkish origin Surinamese origin Dutch-Caribbean origin Dutch origin
aOR 95% ClI aOR 95% ClI aOR 95% ClI aOR 95% CI aOR 95% ClI

Sex®

Male (ref) (ref) (ref) (ref) (ref)

Female 1.10 1.08-1.12 1.00 0.99-1.02 0.97 0.96-0.99 1.01 0.99-1.03 0.95 0.95-0.96
Age”

75+ (ref) (ref) (ref) (ref) (ref)

68-74 0.87 0.82-0.92 1.10 1.04-1.17 0.91 0.86-0.97 1.16 1.06-1.28 0.76 0.76-0.77

63-67 0.85 0.80-0.90 0.99 0.94-1.06 0.94 0.89-1.00 1.35 1.23-1.47 0.88 0.88-0.89

58-62 0.95 0.91-1.00 0.87 0.83-0.92 1.07 1.02-1.13 1.61 1.47-1.75 1.07 1.06-1.07

53-57 1.09 1.04-1.14 0.91 0.87-0.96 1.37 1.30-1.44 2.03 1.87-2.21 1.37 1.36-1.38

48-52 1.32 1.26-1.38 0.98 0.94-1.03 1.63 1.55-1.71 2.45 2.25-2.67 1.61 1.60-1.63

43-47 1.59 1.52-1.66 1.09 1.04-1.14 1.96 1.86-2.06 2.97 2.73-3.24 1.87 1.85-1.89

38-42 2.14 2.05-2.24 1.24 1.18-1.30 2.70 2.56-2.84 3.78 3.48-4.11 2.33 2.31-2.35

33-37 3.37 3.22-3.53 1.81 1.73-1.90 3.69 3.51-3.88 5.24 4.83-5.69 2.97 2.95-3.00

28-32 5.33 5.08-5.60 2.65 2.52-2.78 4.73 4.50-4.98 6.40 5.90-6.95 3.54 3.51-3.57

23-27 6.51 6.18-6.85 3.57 3.39-3.75 5.00 4.74-5.26 6.62 6.10-7.18 3.39 3.36-3.42

18-22 7.06 6.70-7.43 3.83 3.64-4.03 4.09 3.88-4.32 6.71 6.18-7.29 291 2.88-2.93
Migration background®

Born NL, 1p (ref) (ref) (ref) (ref) NA NA

Born NL, 2p 2.71 2.60-2.81 1.58 1.52-1.63 1.56 1.52-1.60 3.67 3.52-3.83

Migrant, 1p 1.22 0.93-1.59 0.73 0.61-0.88 1.17 1.08-1.27 0.98 0.91-1.06

Migrant, 2p 2.16 2.07-2.26 1.10 1.06-1.14 1.21 1.18-1.25 3.39 3.28-3.50

Migrant, 2p NL 0.70 0.46-1.07 0.61 0.45-0.81 0.62 0.55-0.71 0.56 0.52-0.60
Socioeconomic position”

Employee (ref) (ref) (ref) (ref) (ref)

Self-employed 1.61 1.56-1.67 1.75 1.71-1.80 1.53 1.48-1.58 1.73 1.64-1.82 1.96 1.95-1.97

Pensioner 1.59 1.50-1.69 1.80 1.69-1.91 1.18 1.11-1.25 1.09 0.99-1.19 1.18 1.16-1.19

Child or student 0.77 0.74-0.81 0.74 0.72-0.77 0.63 0.60-0.65 0.69 0.65-0.73 0.48 0.48-0.49

On benefits 1.45 1.41-1.48 1.47 1.44-1.50 1.34 1.31-1.37 1.44 1.39-1.50 1.66 1.65-1.68

Other/unknown 1.57 1.52-1.63 1.86 1.80-1.92 1.51 1.43-1.59 1.72 1.58-1.88 1.95 1.93-1.97
Income®

>1,00,000 (ref) (ref) (ref) (ref) (ref)

50,000-1,00,000 1.02 0.87-1.20 1.05 0.93-1.18 131 1.15-1.50 1.23 1.01-1.52 0.99 0.97-1.01

40,000-50,000 1.22 1.04-1.44 1.14 1.01-1.29 1.53 1.35-1.75 1.67 1.37-2.06 1.08 1.06-1.10

30,000—40,000 1.34 1.14-1.57 1.26 1.12-1.43 1.80 1.59-2.06 1.94 1.59-2.38 1.23 1.21-1.26

20,000-30,000 1.50 1.28-1.76 1.39 1.24-1.57 2.35 2.06-2.67 2.49 2.04-3.06 1.56 1.531.59

10,000-20,000 1.58 1.35-1.85 1.53 1.36-1.72 2.91 2.56-3.33 2.98 2.44-3.67 2.19 2.15-2.24

<10,000 2.01 1.70-2.37 1.99 1.76-2.26 3.07 2.68-3.52 2.36 1.93-2.92 2.15 2.11-2.20
Education level’

Master, doctor (ref) (ref) (ref) (ref) (ref)

Bachelor 1.38 1.33-1.43 1.40 1.35-1.45 1.46 1.41-1.51 1.67 1.59-1.75 1.51 1.50-1.52

Upper secondary 1.58 1.53-1.64 1.58 1.53-1.63 1.74 1.68-1.79 2.46 2.34-2.58 2.03 2.02-2.05

Lower secondary 1.65 1.59-1.71 1.60 1.54-1.65 1.88 1.81-1.95 2.97 2.81-3.15 2.58 2.55-2.60

(Continued)
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Table 3. (Continued)

Moroccan origin Turkish origin Surinamese origin Dutch-Caribbean origin Dutch origin
aOR 95% ClI aOR 95% ClI aOR 95% ClI aOR 95% ClI aOR 95% ClI

Primary 1.82 1.75-1.90 1.79 1.72-1.85 1.74 1.66-1.83 3.41 3.18-3.67 3.14 3.10-3.18
Medical risk®

High risk (ref) (ref) (ref) (ref) (ref)

Moderate risk 1.36 1.28-1.44 1.38 1.31-1.46 1.12 1.06-1.18 1.35 1.24-1.46 1.08 1.06-1.09
None 1.75 1.65-1.85 1.74 1.65-1.84 1.71 1.63-1.80 1.67 1.55-1.81 1.35 1.33-1.36
Urbanization level”

Not urban (ref) (ref) (ref) (ref) (ref)

Somewhat urban 1.21 1.11-1.32 1.01 0.94-1.09 0.98 0.91-1.04 0.92 0.84-1.00 0.86 0.86-0.87

Moderately urban 1.20 1.11-1.30 1.05 0.98-1.13 1.00 0.94-1.06 0.96 0.89-1.04 0.86 0.85-0.86

Highly urban 1.31 1.21-1.41 1.14 1.06-1.23 1.16 1.10-1.23 1.10 1.02-1.17 0.92 0.91-0.92

Extremely urban 1.47 1.36-1.59 1.29 1.20-1.39 1.15 1.09-1.22 1.07 0.99-1.14 0.82 0.81-0.82
Vehicle ownership'

No (ref) (ref) (ref) (ref) (ref)

Yes 1.08 1.06-1.10 1.09 1.07-1.11 0.82 0.80-0.84 1.13 1.09-1.16 0.99 0.98-1.00
Distance to vaccination location’

<1 km (ref) (ref) (ref) (ref) (ref)

1-3 km 0.92 0.90-0.95 0.84 0.81-0.86 0.92 0.90-0.95 0.85 0.81-0.89 0.92 0.91-0.93

3-5km 0.91 0.89-0.94 0.83 0.81-0.85 0.81 0.79-0.84 0.82 0.79-0.86 0.96 0.95-0.97

5-10 km 0.92 0.89-0.95 0.88 0.85-0.90 0.83 0.80-0.85 0.84 0.80-0.88 0.97 0.96-0.98

=10 km 0.86 0.83-0.89 0.81 0.79-0.84 0.82 0.79-0.85 0.82 0.78-0.86 1.00 0.99-1.01

?Adjusted for age and migration background (populations of Dutch-Caribbean and Surinamese origin only).

PAdjusted for sex and migration background (populations of Dutch-Caribbean and Surinamese origin only).

“Adjusted for age and sex. Born NL, 1p =born in the Netherlands with one parent born abroad; Born NL, 2p = born in the Netherlands with two parents born abroad; Migrant, 1p = born abroad with
one parent born abroad; Migrant, 2p = born abroad with two parents born abroad; Migrant, 2p NL = born abroad with two parents born in the Netherlands. For the populations of Moroccan,
Surinamese and Turkish origin, the migrant categories were merged into: Migrant = born abroad. Not applicable (N.A.) for the population of Dutch origin.

9Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), income, and education level.

“Measured at the household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), socioeconomic position, and education level.
Measured at the household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), socioeconomic position, and income. Education
levels are described in more detail in Supplement 2.

BAdjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), socioeconomic position, income, and education level.

"Measured at the household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), medical risk, socioeconomic position, income, and
education level.

'Measured at the household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), medical risk, socioeconomic position, income,
education level, and urbanisation level.

IMeasured at the household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), medical risk, socioeconomic position, income,
education level, urbanisation level, and vehicle ownership.

Bold entries indicate significant a ssociations (p < 0.05).

1.21 to 1.47). This is in contrast to the population of Dutch origin,
whereby higher urbanisation was associated with higher uptake.
Vehicle ownership was weakly associated with lower uptake in all
groups of non-Dutch origin (aORs between 1.08 and 1.13), except
in the population of Surinamese origin (aOR = 0.82). Among
persons of Dutch origin the association between vehicle ownership
and being unvaccinated was negligible (aOR = 0.99). The associ-
ations between vaccine uptake and distance to vaccination location
were weak and no clear patterns were observed.

Determinants of being unvaccinated in the autumn 2022 booster
round for individuals aged 60 years and older

Due to smaller study populations of people aged 260 years and the
distribution of certain determinants in these populations, the
models were adapted. In the models for persons of Moroccan and

Turkish origin, migration background was excluded, and the high-
est income levels were merged. Being a student was merged with an
unknown/other socioeconomic position in all models on the popu-
lation aged >60 years.

In all four populations of non-Dutch origin, the odds of not
having received an autumn 2022 booster increased as the education
level decreased (Table 4). This association was strongest among
persons of Moroccan and Turkish origin, with aOR = 4.41 and
aOR = 3.65, respectively, for primary education compared to the
master/doctor level. Living in highly or extremely urban areas com-
pared to a rural area was associated with lower uptake in all popu-
lations of non-Dutch origin (aORs between 1.15 and 3.53), while
living in somewhat or moderately urban areas was only associated
with lower uptake in the populations of Moroccan and Turkish
origin (aORs between 1.53 and 2.50). This was in contrast to the
association between urbanisation level and being unvaccinated in the
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Table 4. Results of multilevel multivariable models of the association between determinants and being unvaccinated in the autumn 2022 COVID-19 booster round
among persons aged 60 years and older of Moroccan, Turkish, Surinamese, Dutch-Caribbean, and Dutch origin

Moroccan origin Turkish origin Surinamese origin Dutch-Caribbean origin Dutch origin
aOR 95% ClI aOR 95% CI aOR 95% ClI aOR 95% ClI aOR 95% ClI

Sex®

Male (ref) (ref) (ref) (ref) (ref)

Female 2.00 1.83-2.22 1.68 1.57-1.81 1.15 1.11-1.19 1.09 1.03-1.16 1.06 1.06-1.07
Age”

80+ (ref) (ref) (ref) (ref) (ref)

70-79 0.79 0.69-0.91 1.13 1.01-1.26 0.97 0.90-1.03 0.88 0.77-1.00 0.83 0.83-0.84

60-69 1.20 1.04-1.37 1.77 1.59-1.96 1.66 1.56-1.76 1.58 1.39-1.80 1.63 1.62-1.64
Migration background®

Born NL, 1p NA NA (ref) (ref) NA

Born NL, 2p 1.17 0.94-1.46 0.91 0.51-1.58

Migrant, 1p 1.05 0.87-1.28 0.90 0.73-1.12

Migrant, 2p 2.22 2.02-2.44 2.51 2.12-2.99

Migrant, 2p NL 0.69 0.54-0.87 0.70 0.58-0.85
Socioeconomic position

Employee (ref) (ref) (ref) (ref) (ref)

Self-employed 1.16 0.76-1.84 1.07 0.84-1.37 1.20 1.07-1.34 1.04 0.85-1.27 1.24 1.23-1.26

Pensioner 0.63 0.52-0.75 0.73 0.63-0.84 0.62 0.59-0.65 0.47 0.43-0.52 0.52 0.52-0.53

On benefits 1.01 0.83-1.22 1.10 0.95-1.27 0.89 0.84-0.95 0.75 0.66-0.85 0.87 0.86-0.88

Other/unknown 0.99 0.72-1.39 1.27 0.99-1.64 0.81 0.70-0.94 0.66 0.52-0.85 0.79 0.78-0.80
Income®

>1,00,000 (ref) (ref) (ref) (ref) (ref)

50,000-1,00,000 1.36 1.02-1.82 0.99 0.68-1.45 1.02 1.00-1.05

40,000-50,000 1.19 0.88-1.60 1.19 0.95-1.49 1.43 1.07-1.91 1.16 0.81-1.70 1.09 1.06-1.12

30,000—40,000 1.41 1.07-1.85 1.23 1.00-1.50 1.54 1.16-2.05 1.50 1.04-2.18 1.14 1.11-1.17

20,000-30,000 1.31 1.00-1.69 1.14 0.94-1.39 1.77 1.33-2.37 1.78 1.23-2.60 1.38 1.34-1.41

10,000-20,000 1.84 1.40-2.39 1.30 1.06-1.58 2.10 1.58-2.82 2.75 1.90-4.04 1.73 1.68-1.77

<10,000 2.00 1.02-4.42 1.29 0.87-1.97 1.90 1.34-2.69 2.63 1.71-4.09 1.49 1.42-1.55
Education level’

Master, doctor (ref) (ref) (ref) (ref) (ref)

Bachelor 1.44 1.10-1.89 1.44 1.16-1.79 1.11 1.02-1.22 1.38 1.19-1.60 1.49 1.42-1.55

Upper secondary 2.03 1.59-2.58 2.19 1.80-2.66 1.33 1.22-1.44 1.67 1.45-1.92 1.61 1.60-1.63

Lower secondary 3.39 2.66-4.29 2.84 2.34-3.45 1.54 1.41-1.69 2.19 1.87-2.57 2.06 2.04-2.09

Primary 4.41 3.45-5.60 3.65 2.99-4.45 2.01 1.82-2.23 291 2.40-3.53 2.82 2.77-2.88
Medical risk®

High risk (ref) (ref) (ref) (ref) (ref)

Moderate risk 1.35 1.09-1.65 1.23 1.04-1.45 1.01 0.93-1.09 1.09 0.94-1.27 1.02 1.01-1.03

None 1.55 1.24-1.90 1.30 1.09-1.54 1.12 1.03-1.21 1.16 1.00-1.35 1.09 1.07-1.10
Urbanization level”

Not urban (ref) (ref) (ref) (ref) (ref)

Somewhat urban 1.72 1.12-2.59 1.53 1.02-2.26 0.90 0.77-1.06 0.91 0.75-1.10 0.85 0.85-0.86

Moderately urban 2.50 1.68-3.65 1.76 1.21-2.52 1.03 0.89-1.18 0.99 0.83-1.17 0.81 0.80-0.82

Highly urban 2.69 1.84-3.88 1.85 1.28-2.63 1.15 1.01-1.32 1.22 1.04-1.44 0.83 0.82-0.83

(Continued)
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Table 4. (Continued)

Bente Smagge et al.

Moroccan origin Turkish origin Surinamese origin Dutch-Caribbean origin Dutch origin
aOR 95% ClI aOR 95% ClI aOR 95% ClI aOR 95% ClI aOR 95% ClI

Extremely urban 3.53 2.42-5.06 2.32 1.61-3.30 1.43 1.25-1.62 1.28 1.09-1.51 0.86 0.85-0.86
Vehicle ownership'

No (ref) (ref) (ref) (ref) (ref)

Yes 1.05 0.95-1.17 1.02 0.94-1.10 0.80 0.77-0.84 0.83 0.76-0.90 0.70 0.70-0.71
Distance to vaccination location’

<1 km (ref) (ref) (ref) (ref) (ref)

1-3 km 1.03 0.88-1.21 1.03 0.90-1.16 1.04 0.97-1.11 1.01 0.89-1.15 1.04 1.03-1.05

3-5km 1.19 1.00-1.41 1.08 0.95-1.23 1.06 0.99-1.13 1.03 0.90-1.18 1.07 1.05-1.08

5-10 km 0.97 0.79-1.19 1.32 1.13-1.53 1.00 0.93-1.09 0.98 0.85-1.13 1.09 1.08-1.11

210 km 0.97 0.79-1.20 1.19 1.01-1.39 0.90 0.81-1.00 1.06 0.91-1.24 1.06 1.04-1.07

?Adjusted for age and migration background (populations of Dutch-Caribbean and Surinamese origin only).

bAdjusted for sex and migration background (populations of Dutch-Caribbean and Surinamese origin only).

“Adjusted for age and sex. Born NL, 1p =born in the Netherlands with one parent born abroad; Born NL, 2p = born in the Netherlands with two parents born abroad; Migrant, 1p = born abroad with
one parent born abroad; Migrant, 2p = born abroad with two parents born abroad; Migrant, 2p NL = born abroad with two parents born in the Netherlands. Not applicable (N.A.) for the

populations of Moroccan, Turkish, and Dutch origin.

dadjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), income, and education level.
®Measured at the household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), socioeconomic position, and education level.
fMeasured at the household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), socioeconomic position, and income. Education

levels are described in more detail in Supplement 2.

EAdjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), socioeconomic position, income, and education level.
"Measured at the household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), medical risk, socioeconomic position, income and

education level.

'Measured at household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), medical risk, socioeconomic position, income,

education level, and urbanization level.

IMeasured at the household level. Adjusted for age, sex, migration background (populations of Dutch-Caribbean and Surinamese origin only), medical risk, socioeconomic position, income,

education level, urbanization level, and vehicle ownership.
Bold entries indicate significant a ssociations (p < 0.05).

population of Dutch origin (aORs between 0.81 and 0.86). Likewise,
compared to high medical risk, no medical risk was associated with
lower uptake (aORs between 1.12 and 1.55), but for moderate
medical risk, this association was only found in the populations of
Moroccan and Turkish origin (aOR = 1.35 and aOR = 1.23, respect-
ively). The odds of not having received an autumn 2022 booster
increased as income declined, but this was not as explicit in the
population of Turkish origin. Compared to working in employment,
being a pensioner (aORs between 0.47 and 0.73) was associated with
higher uptake in all populations of non-Dutch origin, while being on
benefits (aORs between 0.75 and 0.89) and other/unknown socio-
economic position (aORs between 0.66 and 0.81) were associated
with higher uptake among persons of Dutch-Caribbean and Suri-
namese origin only. Being self-employed was associated with lower
uptake in population of Surinamese origin (aOR = 1.20). Compared
to age 280 years, being aged 60—69 years was associated with lower
uptake in all populations of non-Dutch origin, while the association
with being aged 70-79 varied (Moroccan: aOR = 0.79, Turkish:
aOR = 1.13, Dutch-Caribbean and Surinamese: no significant asso-
ciation). Finally, being female was associated with lower uptake of the
autumn 2022 booster, especially among persons of Moroccan origin
(aOR = 2.00). Associations of age, sex, income, education level,
socioeconomic position, and medical risk in the population of Dutch
origin were largely comparable with those among persons of Dutch-
Caribbean and Surinamese origin. The associations between socio-
economic position, income and education level and being unvaccin-
ated hardly changed in the sensitivity analysis, while most
associations with medical risk were slightly weaker.

Vehicle ownership was only associated with lower odds of not
having received an autumn 2022 booster in the populations of

Dutch-Caribbean, Surinamese (and Dutch) origin. The associ-
ations between not having received an autumn 2022 booster and
distance to vaccination location were ambiguous and varied
between subgroups.

Being a migrant with two foreign-born parents, compared to
being born in the Netherlands with one parent born abroad, was
associated with higher odds of not having received an autumn 2022
booster in the populations of Dutch-Caribbean and Surinamese
origin (the only populations for which migration background was
included) (aOR = 2.51 and aOR = 2.22, respectively). Being a
migrant with two parents born in the Netherlands was associated
with higher uptake in these populations (aOR =0.70 and aOR = 0.69,
respectively). The aORs of being a migrant with two foreign-born
parents decreased after adding socioeconomic position, income,
and education level to the model for persons of Dutch-Caribbean
origin and, albeit less strongly, for persons of Surinamese origin
(Supplement 5; Table S5.2). This indicates that socioeconomic
status partially mediated the association between being a migrant
with two foreign-born parents and being unvaccinated in the
autumn 2022 booster round. The associations weakened slightly
after adding urbanisation level as well, indicating that this deter-
minant might also have a mediating effect.

PAFs of determinants of being unvaccinated in the primary
vaccination round

The PAFs are presented in Figure 1. The determinants with highest
PAFs for being unvaccinated against COVID-19 in the primary
vaccination round among persons aged =18 years of Dutch-
Caribbean, Moroccan, Surinamese, and Turkish origin were being
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Figure 1. Population attributable fractions (PAFs) of the contribution of each determinant to being unvaccinated in the primary COVID-19 vaccination round by country of origin

among persons aged 18 years and older.

Notes: ? Born NL, 1p = born in the Netherlands with one parent born abroad; Born NL, 2p = born in the Netherlands with two parents born abroad; Migrant, 1p = born abroad with one
parent born abroad; Migrant, 2p = born abroad with two parents born abroad; Migrant, 2p NL = born abroad with two parents born in the Netherlands. Not applicable to Dutch
country of origin. ® Income, education level, urbanisation level, vehicle possession, and distance to vaccination location were measured at the household level. © The reference

category for each country of origin does not feature a dot for that country of origin.

aged 18-35 years (PAFs ranging between 20.8% and 28.4% for
different countries of origin), being born in the Netherlands to
two foreign-born parents (PAFs between 10.7% and 19.9%), being a
migrant with two foreign-born parents (PAFs between 8.5% and

36.1%), not belonging to a medical risk group (PAFs between 16.4%
and 22.8%) and having an annual household income below €30,000
(PAFs between 8.3% and 19.5%). The importance of these deter-
minants in terms of PAF varied by country of origin. The impact of
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being aged 18-35 years and being a migrant with two foreign-born
parents was particularly large among persons of Dutch-Caribbean
origin (PAF = 28.4% and PAF = 36.1%, respectively). The PAFs for
low income were largest in the populations of Dutch-Caribbean
and Surinamese origin.

Some high PAFs were observed in specific populations. Among
persons of Dutch-Caribbean origin, age 36-66 (PAF = 10.8%) con-
tributed strongly to being unvaccinated in the primary vaccination
round. The PAFs of being an employee, compared to a pensioner
(Dutch-Caribbean origin) or student (Surinamese origin), were
quite high due to the large number of individuals working in
employment (PAF = 9.5% and PAF = 10.9%, respectively). The
impact of education level on being unvaccinated was also consid-
erable, particularly completing secondary education versus higher
education among persons with of Dutch-Caribbean origin
(PAF = 11.3%). For the population of Dutch origin, PAFs per
determinant were comparable to those of Dutch-Caribbean origin,
except for migration background (by definition). Among persons of
Moroccan origin, living in a highly or extremely urbanized area had
a considerable impact on being unvaccinated (PAF = 9.0%).

PAFs of determinants of being unvaccinated in the autumn 2022
booster round for individuals aged 60 years and older

The PAFs of the studied determinants differed considerably
between population countries of origin (Figure 2). Only living in
highly or extremely urban areas (PAFs between 8.0% and 12.7%)
and to a lesser degree primary education level (PAFs between 6.9%
and 11.7%) had an impact in all populations of non-Dutch origin.
These determinants yielded the only two substantial PAFs for the
populations of Moroccan and Turkish origin. In the populations of
Dutch-Caribbean and Surinamese origin, the impact of being a
migrant and having two foreign-born parents could be investigated
and had an important impact (PAF = 30.3% and PAF = 35.7%,
respectively). In the population of Dutch origin, primary and
secondary education level, compared to high education level, had
PAFs of 8.3% and 9.3%, respectively, while living in highly or
extremely urban areas had no impact. Younger age (60—69 years)
contributed to being unvaccinated among persons of Dutch-
Caribbean, Surinamese, and Dutch origin (PAFs between 10.6
and 17.0%). Income below €30,000 only had considerable PAFs
for the populations of Dutch-Caribbean and Dutch origin
(PAF = 13.7 and PAF = 8.7%, respectively). Low medical risk
and, especially among the populations of Moroccan and Turkish
origin, vehicle ownership had no impact on being unvaccinated in
the autumn 2022 booster round, while they did in the primary
vaccination round.

Discussion

We identified determinants associated with being unvaccinated
against COVID-19 in the primary and 2022 autumn booster vac-
cination campaigns among the main populations of non-Dutch
origin in the Netherlands: being a migrant with two foreign-born
parents, younger age, living in highly or extremely urban areas and
having a lower income, lower education level, and low medical risk.
Being born in the Netherlands with two foreign-born parents, being
self-employed, a pensioner, on benefits or having other/unknown
socioeconomic position and having a moderate medical risk were
additional risk factors for being unvaccinated in the primary vac-
cination round, while female sex was an additional risk factor in the
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2022 autumn booster round in the study population aged >60 years.
The PAFs largely confirmed the impact of these determinants. We
also found differences in the (strength of) some determinants of
being unvaccinated, such as education and urbanization level,
between persons of Moroccan, Turkish, Surinamese, and Dutch-
Caribbean origin for both vaccination rounds. This emphasises the
importance of future in-depth research into barriers to vaccination
in each of these populations and of tailoring efforts towards increas-
ing vaccine uptake, to maximise the impact of vaccination pro-
grammes across the whole population of the Netherlands.

The role of age, income, and education level in all four popula-
tions of non-Dutch origin under study are consistent with previous
research, including among migrants and ethnic minorities [2, 14,
27, 30]. In contrast to our findings, belonging to a medical risk
group was not an important predictor of being unvaccinated in two
previous Dutch studies, which used similar data and risk groups [2,
14]. Tt is possible that age differences explain the association with
medical risk group and that there was residual confounding by age.
Results of studies in other countries are inconsistent [31-33]. The
association between being a pensioner and not being vaccinated in
the primary vaccination round among the population aged
>18 years may also be explained by a correlation with age, although
similar associations were found in most populations of non-Dutch
origin among persons aged =60 years.

Being a migrant with two foreign-born parents, compared to
being born in the Netherlands with one parent born abroad, was a
strong risk factor for being unvaccinated in both vaccination
rounds. Previous studies have found divergent effects of country
of origin and migrant generation on vaccine uptake [34, 35]. We
explored to which other determinants explained the association
between migration background and being unvaccinated. While
socioeconomic determinants, and for the autumn booster also
urbanisation level, did reduce the odds of being unvaccinated, the
association with being a migrant with two foreign-born parents
persisted. This suggests that other factors play a role. For instance,
social integration, which may be lower for migrants with two
foreign-born parents, has been found to be positively associated
with higher vaccine acceptance [36, 37]. This may also explain the
strong association between being born in the Netherlands with two,
compared to one, foreign-born parents and not having received any
COVID-19 vaccination.

Determinants that were associated with being unvaccinated in
our study were for a considerable part comparable between persons
of non-Dutch and Dutch origin, and thus are unlikely to fully
explain the observed differences in vaccine uptake between the
groups, although interactions between the determinants or a cumu-
lative effect may be present. This underlines the need to assess the
role of other factors, including religion, trust in authorities, trust in
science, social influences, and language skills [21, 27, 38], which
may also interact with determinants we identified [20]. Survey data
and qualitative research might shed more light on these factors. A
recent survey-based study by the CBS identified religion, trust in the
political and healthcare institutions, social participation, and self-
reported health as COVID-19 vaccination determinants [39]. It
would be relevant to stratify such studies by migration background.

Additionally, studying the ‘transmission’ of vaccine uptake
within social networks, as well as how vaccine uptake in these
networks influences the decision to get an additional booster each
round, seems a promising avenue for further research [40]. The
influence of social networks is not limited to populations of non-
Dutch origin, but particularly within cities, communities of people
with a migration background are often concentrated in certain
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Figure 2. Population attributable fractions (PAFs) of the contribution of each determinant to being unvaccinated in the autumn 2022 COVID-19 booster round by country of origin

among persons aged 60 years and older.

Notes: ? Born NL, 1p = born in the Netherlands with one parent born abroad; Born NL, 2p = born in the Netherlands with two parents born abroad; Migrant, 1p = born abroad with one
parent born abroad; Migrant, 2p = born abroad with two parents born abroad; Migrant, 2p NL = born abroad with two parents born in the Netherlands. Not applicable to Moroccan,
Turkish, and Dutch country of origin. b Income, education level, urbanisation level, vehicle possession, and distance to vaccination location were measured at the household level.
€ The reference category for each country of origin does not feature a dot for that country of origin.

neighbourhoods, and vaccine hesitancy may easily spread between
community members, resulting in lower vaccine uptake in these
communities [38, 41-43]. This potentially explains the observed
association between living in a highly/extremely urbanised area
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community-based organisations and key figures in the commu-
nity [20, 44, 45]. Considering the important role of friends and
family in reinforcing or alleviating vaccine hesitancy and ultim-
ately in vaccine uptake, studies focussed on how vaccine recipients
can be ambassadors to recruit others to get vaccinated are needed
as well [38, 41, 42].

The observed differences in the influence of some determinants
between populations from different countries of origin further
highlights the need for community-based interventions targeted
at specific ethnic minority and migrant populations. Besides urban-
isation level, we observed differences in the influence of education
level and income in both vaccination rounds. When targeting
interventions, it is relevant to consider both the strength of the
associations and the size of the population that they apply to. PAFs
can be interpreted as the percentage of not receiving vaccination
against COVID-19 attributable to each determinant. The PAFs
highlight that groups of young age, migrants with two foreign-
born parents, low income, low education level, or low medical risk
and, in the autumn 2022 booster round, groups living in a highly or
extremely urbanised area at the population level contributed con-
siderably to low vaccine uptake.

This study on determinants associated with being unvaccinated
against COVID-19 among four large populations of non-Dutch
origin is a first step of the World Health Organization (WHO)
Tailoring Health Programmes (THP), specifically the tailoring
Immunization programmes (TIPs), approach [46]. This step is
referred to as ‘situational research’. Following the WHO TIP pro-
cess, this study should be used as a basis for more in-depth research
on barriers and drivers of vaccination in specific subgroups with
lower uptake, which can subsequently inform interventions with
the aim to increase vaccination coverage [46, 47].

A key strength of this study is the use of population-wide
individual-level and household-level data, which avoids ecological
fallacies that may result from using aggregated data. By studying the
primary vaccination round and the autumn 2022 booster round and
four populations of non-Dutch origin as well as people of Dutch
origin, we made a comprehensive assessment of determinants of
being unvaccinated both initially and for repeat vaccinations.

There are some limitations that need to be considered. First,
vaccine uptake was underestimated in the primary vaccination
round, as people who did not consent to nationally registering their
vaccination were included as unvaccinated. This may have biased
the estimates in different ways, depending on the characteristics of
persons with higher and lower consent percentages. This is less
relevant for the booster vaccination, as this consent rate was very
high (99.2%). Second, as we used population-level data, we could
not include some potential determinants of vaccine uptake, like
religion, trust in authorities and science, language skills, healthcare-
seeking behaviour and health literacy, which may be especially
relevant in migrant and ethnic minority populations [21, 27,
38]. Third, some underlying medical conditions and distance to
vaccination locations were hard to identify based on available data,
so some misclassification of these determinants may be present.
Additionally, to minimise missingness, the education level was
based on a multiple imputed dataset by the CBS.

Conclusion

This study identified several common risk factors for being unvac-
cinated against COVID-19 observed in four large populations of
non-Dutch origin and found substantial differences in the (strength
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of the) determinants and corresponding PAFs between the popu-
lations of Moroccan, Turkish, Surinamese, and Dutch-Caribbean
origin. Importantly, the higher odds of being unvaccinated for
migrants with two foreign-born parents compared to persons born
in the Netherlands with one foreign-born parent could only par-
tially be explained by socioeconomic variables. This indicates that
socioeconomic status only partially mediated this association. The
findings illustrate that interventions specifically targeted at these
ethnic minority and migrant populations require further study to
optimise the impact of vaccination programmes across the whole
population of the Netherlands. Although these findings provide
some guidance to target vaccination programmes, qualitative and
survey-based research is needed to further understand reasons
behind not receiving vaccination in these populations and design
(community-based) interventions.

Supplementary material. The supplementary material for this article can be
found at http://d()i.ol'g/l(). 1017/50950268825100216.
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