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Abstract

We studied severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and
vaccination status among six ethnic groups in Amsterdam, the Netherlands. We analysed
participants of the Healthy Life in an Urban Setting cohort who were tested for SARS-CoV-2
spike protein antibodies between 17 May and 21 November 2022. We categorized participants
with antibodies as only infected, only vaccinated (=1 dose), or both infected and vaccinated,
based on self-reported prior infection and vaccination status and previous seroprevalence data.
We compared infection and vaccination status between ethnic groups using multivariable,
multinomial logistic regression. Of the 1,482 included participants, 98.5% had SARS-CoV-2
antibodies (P between ethnic groups = 0.899). Being previously infected and vaccinated ranged
from 36.2% (95% confidence interval (CI) = 28.3—44.1%) in the African Surinamese to 64.5%
(95% CI = 52.9-76.1%) in the Ghanaian group. Compared to participants of Dutch origin,
participants of South-Asian Surinamese (adjusted odds ratio (aOR) = 6.74, 95% CI = 2.61—
17.45)), African Surinamese (aOR = 23.32, 95% CI = 10.55-51.54), Turkish (aOR = 8.50, 95%
CI =3.05-23.68), or Moroccan (aOR = 22.33, 95% CI = 9.48-52.60) origin were more likely to
be only infected than infected and vaccinated, after adjusting for age, sex, household size, trust
in the government’s response to the pandemic, and month of study visit. SARS-CoV-2
infection and vaccination status varied across ethnic groups, particularly regarding non-
vaccination. As hybrid immunity is most protective against coronavirus disease 2019, future
vaccination campaigns should encourage vaccination uptake in specific demographic groups
with only infection.

Introduction

Early in the coronavirus disease 2019 (COVID-19) pandemic, it became apparent that ethnic
minority populations were at increased risk of infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and severe progression of COVID-19, including hospitalization
and mortality [1]. The risk of SARS-CoV-2 infection and severe disease progression can be
effectively reduced by immunity acquired through infection, vaccination, or both [2, 3].

In Amsterdam, the Netherlands, data from the multi-ethnic Healthy Life in an Urban Setting
(HELIUS) cohort identified ethnic differences in SARS-CoV-2 infections in the pre-vaccination
era. Between June and October 2020, following the first wave of the Dutch epidemic, individuals
of Ghanaian ethnic origin had a higher seroprevalence than individuals of Dutch, Suri-
namese (South-Asian and African), Turkish, or Moroccan origin [4]. Between November
2020 and March 2021 (i.e., the second wave), differences in incidence became wider for all
other ethnic minority groups compared to the Dutch origin group. The estimated cumu-
lative incidence of infection remained the highest in individuals of Ghanaian origin (64.4%),
compared to 15.9% in the group of Dutch origin [5]. When the primary SARS-CoV-2
vaccination series became available in early 2021, data from this cohort showed that the
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uptake of at least one dose was lower in most ethnic minority
groups compared to individuals of Dutch origin by mid-2021
[6].

By mid-2022, much of the Dutch population had been infected
with SARS-CoV-2, partly due to the highly transmissible Omicron
variant [7], and the abolishment of most mitigation measures, such
as social distancing [8]. Moreover, the entire Dutch population had
the opportunity to receive both primary and booster vaccinations.
Previous studies have demonstrated that hybrid immunity, which is
a combination of antibodies acquired through prior SARS-CoV-2
infection and vaccination, provides greater and more durable pro-
tection against severe COVID-19 than natural or vaccine-induced
immunity alone, underscoring the importance of vaccination
uptake even after a previous infection [9, 10]. However, it is
unknown whether the distribution of protection through hybrid
immunity, prior infection, or vaccination alone differs between
ethnic groups. Understanding these potential ethnic differences is
crucial in identifying potential inequalities in protection against
severe COVID-19 outcomes. This knowledge can guide targeted
public health interventions to ensure equitable protection and
address future health inequities.

This study aimed to describe the prevalence of anti-spike SARS-
CoV-2 antibodies among people of Dutch, South-Asian Surinam-
ese, African Surinamese, Ghanaian, Turkish, and Moroccan origin
in Amsterdam, the Netherlands, and to compare the SARS-CoV-2
infection and vaccination status (i.e., only prior infection, only
vaccination, or both infection and vaccination) among people with
SARS-CoV-2 antibodies between ethnic groups.

Methods
Study design and population

We used data from the HELIUS study, which is a population-based
multi-ethnic prospective cohort study conducted in Amsterdam
that focuses on the causes of potential ethnic disparities in cardio-
vascular disease, mental health, and infectious diseases. Detailed
procedures have been previously described [11]. Briefly, the parent
HELIUS cohort comprises 24,780 adult individuals of Dutch, Suri-
namese, Ghanaian, Turkish, and Moroccan origin living in Amster-
dam who were included between January 2011 and December 2015.
Individuals were randomly sampled, stratified by ethnic origin,
through the municipality register of Amsterdam, and invited to
participate [11, 12]. This register contains data on country of birth
of citizens and their parents, which we used to determine ethnic
origin. Country of birth is a widely accepted and stable indicator for
ethnic origin in the Netherlands, while Dutch studies have shown
high correlation between country of birth and self-identified eth-
nicity among Turkish, Moroccan, and Surinamese groups [12]. We
defined ethnic origin groups other than Dutch as: (1) the individual,
and at least one parent, was not born in the Netherlands (first-
generation migrants), and (2) the individual was born in the
Netherlands, but both parents were not (migrants’ offspring).
Given the ethnic heterogeneity of the Surinamese population [11,
12], we further classified participants with a Surinamese background
into African, South-Asian, Javanese, or ‘other’ based on self-report
during the baseline questionnaire. Participants completed a ques-
tionnaire and underwent physical examination during which bio-
logical samples were obtained. The HELIUS study was approved by
the Academic Medical Center Ethical Review Board, and written
informed consent was obtained from all participants [11].
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Shortly after the start of the COVID-19 pandemic, participants
of the parent HELIUS cohort who were still in follow-up and of
Dutch, South-Asian Surinamese, African Surinamese, Ghanaian,
Turkish, or Moroccan origin were randomly selected within each
ethnic group and were asked to participate in a three-visit longitu-
dinal COVID-19 substudy [4]. The first COVID-19 substudy visit
took place between 24 June and 9 October 2020. Participants of the
first visit were invited to participate in the second visit
between 23 November 2020 and 4 June 2021 and the third visit
between 17 May and 21 November 2022. This study included
participants of the third COVID-19 substudy visit. During all three
visits, blood samples were obtained via venipuncture, stored at
—20°C, and were tested for SARS-CoV-2-specific antibodies.
Trained interviewers also administered questionnaires on items,
such as SARS-CoV-2 exposure, testing, infection history, percep-
tions, and vaccination uptake. During the third substudy visit,
participants who indicated that they could not visit the study site
due to long COVID were visited at home to limit selection bias due
to post-COVID-19 complications.

Study outcomes

First, we described the SARS-CoV-2 antibody test result (positive
versus negative) during the third COVID-19 substudy visit. SARS-
CoV-2-specific antibodies were determined using the WANTAI
SARS-CoV-2 Ab enzyme-linked immunosorbent assay (ELISA)
(Wantai Biological Pharmacy Enterprise Co., Beijing, China). This
ELISA detects immunoglobulin A (IgA), IgM, and IgG against the
receptor-binding domain of the spike protein of SARS-CoV-2
[13]. Even though this test cannot discriminate between antibodies
acquired through infection versus vaccination, the sensitivity of the
WANTAI ELISA is higher compared to other assays for detection
of SARS-CoV-2 antibodies [14].

Second, we defined SARS-CoV-2 infection and vaccination
status as being (i) only vaccinated, (ii) only previously infected,
or (iii) both infected and vaccinated, among those who tested
positive for SARS-CoV-2 antibodies during the third COVID-19
substudy visit. Vaccination status was defined as receiving at least
one vaccine dose based on self-report during the third visit. For
unvaccinated participants, prior infection was based on a positive
antibody test at the third visit. For vaccinated participants, prior
infection was based on a positive antibody test from the second
(November 2020 to June 2021) or, if unavailable, the first visit
(June to October 2020). Nearly all HELIUS participants had
their second visit before April 2021, when vaccines were only
available to healthcare workers and individuals aged >75 years
[15]. During this period, most participants were ineligible for
vaccination. We then excluded the few participants who
reported receiving vaccination before this visit. When previous
antibody test results were negative or missing, prior infection
was determined by self-report at the third visit, including both
confirmed (i.e., through rapid antigen test or Nucleic Acid Amp-
lification Test by a health professional or rapid antigen self-test) and
suspected (i.e., not confirmed by any test) infections. More detailed
information on the classification is provided in Supplementary
Method 1 and Supplementary Figure S1.

Covariates

We previously explored a wide range of sociodemographic, psy-
chological, and cultural determinants of SARS-CoV-2 exposure,
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vaccination intent, and uptake across ethnic groups [4—6, 16]. For
this analysis, we selected a priori several key sociodemographic
(i.e., age, sex, household size), access to healthcare (ie., health
literacy) and cultural factors (i.e., cultural orientation) based on
their relevance in previous findings. We additionally included
governmental trust as a structural factor driving SARS-CoV-2
vaccine hesitancy [17, 18].

We used the following data from the baseline visit of the
parent HELIUS study: age (based on the municipal registry;
recalculated for the third COVID-19 substudy visit), sex, number
of household members, health literacy, and cultural orientation
(no integration (including separation and marginalization) ver-
sus integration (also including assimilation)). More detailed
information on the instruments used has been previously
described [6].

From the third COVID-19 substudy visit, we used the partici-
pants’ level of trust in the response of the Dutch government in
containing the SARS-CoV-2 pandemic, which was measured on a
5-point Likert scale, ranging from 1 (‘no trust at all’) to 5 (‘a lot of
trust’). We categorized the scores for governmental trust into no
trust (scores 1-2), neutral (3), and trust (4-5) .

Statistical analysis

The qualitative SARS-CoV-2 antibody test results from the third
COVID-19 substudy visit were described and compared between
ethnic groups using Pearson’s y” test.

Among participants with antibodies, we compared the SARS-
CoV-2 infection and vaccination status between ethnic groups
using multinomial logistic regression. We calculated the univari-
able odds ratio (OR) and 95% confidence interval (CI) comparing
the odds of being (1) only previously infected or (2) only previ-
ously vaccinated versus being both previously infected and vac-
cinated across ethnic groups. We then selected a priori several
determinants of infection and vaccination status as covariates in a
first model (i.e., age, sex, household size, trust in the government’s
response to the pandemic) (model 1). In a second model (model
2), we included age, sex, household size, and trust in the govern-
ment’s response to the pandemic, along with health literacy and
cultural orientation, while excluding individuals of Dutch origin,
as the available health literacy and cultural orientation data often
do not apply to this group. Observations with missing values on
covariates were removed from analysis. We adjusted both models
for the month of study visit, as those who participated later in time
had a progressively higher risk of infection or vaccination. We
performed an E-value analysis to assess the minimum strength of
association that a potential unmeasured confounder would need
to have with both ethnicity and SARS-CoV-2 infection and vac-
cination status to fully explain away the observed effect [19]. We
conducted a sensitivity analysis only including individuals with a
SARS-CoV-2 antibody test result at all three substudy visits
(Supplementary Method 2).

The SARS-CoV-2 infection and vaccination status (percentage
only vaccinated, only previously infected, or both) and regression
analyses accounted for sampling and were rendered representative
of the population structure of Amsterdam by assigning post-
stratification weights corresponding to the distribution of age and
sex in the specific ethnic groups in Amsterdam (Supplementary
Method 3) [4]. A P value <0.05 was considered statistically signifi-
cant. All analyses were performed using STATA version 17.0
(College Station, TX, USA).

Results
Description of the study population

In total, 1,482 individuals who participated in the third substudy
visit between May and November 2022 were included in analyses.
Inclusion and exclusion criteria are described in Supplementary
Figure S2. Detailed information on differences between partici-
pants of the parent HELIUS cohort who were included versus not
included in the third COVID-19 substudy visit is presented in
Supplementary Table S1. Briefly, participants included in the third
visit were more likely to be of Dutch or South-Asian Surinamese
origin, slightly older, more highly educated, more integrated in the
host society, more likely to have adequate health literacy level, and
more proficient in the Dutch language compared with those not
included.

Participant characteristics are presented in Table 1. The median
age was 58 years (interquartile range (IQR) 48-65), ranging
between 26 and 81 years at time of participation in the third substudy
visit. The majority of participants was female (57.2%). The propor-
tion of participants with a higher educational level ranged from
10.3% in the Ghanaian group to 67.1% in the Dutch group. Com-
pared to participants of Dutch ethnic origin, those of other than
Dutch origin were more likely to live in larger households. Partici-
pants of Ghanaian origin were the most likely to trust the response of
the Dutch government in containing the pandemic (78.4%), while
those of Turkish origin were the least likely to have trust (33.1%).

A total of 1,287 participants (86.8%) reported to have received at
least one SARS-CoV-2 vaccine dose. Among them, 1,282 (99.6%)
completed the primary series (i.e., two doses of Pfizer, Moderna or
AstraZeneca, at least one dose of Janssen, or infection prior to
receiving at least one dose of any vaccine), and of them,
939 (73.2%) received a booster dose. Self-reported vaccination
uptake varied significantly between ethnic groups, with the propor-
tion of participants who received at least one dose being highest in
the Dutch (95.7%) and Ghanaian (95.5%) groups and lowest in the
Moroccan group (69.7%). Among those who received at least one
dose, the booster uptake was highest in the Dutch group (90.0%) and
lowest in the Turkish (51.4%) and Moroccan (53.5%) groups.

Prevalence of anti-spike SARS-CoV-2 antibodies

Of all analysed participants of the third COVID-19 substudy visit,
1,460 (98.5%) had SARS-CoV-2 spike protein antibodies at the time
of their study visit between May and November 2022, while
22 (1.5%) did not (Table 1). The proportion of individuals with
antibodies did not differ significantly between ethnic groups
(P = 0.899). Most other participant characteristics were also similar
between those with and without antibodies (Supplementary Table S2).

Ethnic variation in SARS-CoV-2 infection and vaccination status

Of the 1,460 participants with SARS-CoV-2 antibodies, 54.4% were
both previously infected and vaccinated (n = 794), 33.4% were only
previously vaccinated (n = 488), and 12.2% were only previously
infected (n = 178). The distribution of infection and vaccination
status differed significantly between ethnic groups (P < 0.001)
(Table 1). Being previously infected and vaccinated was most
common in the Ghanaian (corrected percentage accounting for
the population structure of Amsterdam and sampling 64.5%, 95%
CI = 52.9-76.1%), followed by the Dutch (63.5%, 95% CI = 57.3—
69.7%), Turkish (60.9%, 95% CI = 49.6-72.2%), South-Asian
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Table 1. Characteristics of the HELIUS participants included in the third COVID-19 substudy visit, per ethnic group, Amsterdam, the Netherlands, 17 May 2022 to 21 November 2022

Total South-Asian African Surinamese Ghanaian Turkish Moroccan
(n=1,482) Dutch (n = 375) Surinamese (n = 328) (n=279) (n=134) (n=181) (n=185)
Characteristic n (%) n (%) n (%) n (%) n (%) n (%) n (%) P value
Age in years,™” median (IQR) 58.0 (48.0-65.0) 61.0 (51.0-69.0) 58.0 (51.0-65.0) 61.0 (51.0-67.0) 58.0 (51.0-63.0) 53.0 (44.0-60.0) 52.0 (44.0-58.0) <0.001
<45 264 (17.8) 63 (16.8) 53 (16.2) 27 (9.7) 20 (14.9) 47 (26.0) 54 (29.2)
4554 316 (21.3) 52 (13.9) 71 (21.6) 57 (20.4) 28 (20.9) 50 (27.6) 58 (31.4)
55-59 245 (16.5) 55 (14.7) 51 (15.5) 34 (12.2) 29 (21.6) 38 (21.0) 38 (20.5)
=60 657 (44.3) 205 (54.7) 153 (46.6) 161 (57.7) 57 (42.5) 46 (25.4) 35 (18.9)
Sex® 0.020
Male 635 (42.8) 173 (46.1) 119 (36.3) 113 (40.5) 70 (52.2) 82 (45.3) 78 (42.2)
Female 847 (57.2) 202 (53.9) 209 (63.7) 166 (59.5) 64 (47.8) 99 (54.7) 107 (57.8)
Higher education level™© <0.001
No 916 (63.0) 123 (32.9) 249 (75.9) 181 (64.9) 113 (89.7) 121 (70.3) 129 (74.1)
Yes 537 (37.0) 251 (67.1) 79 (24.1) 98 (35.1) 13 (10.3) 51 (29.7) 45 (25.9)
Missing 29 1 0 0 8 9 11
Number of people in <0.001
household*®
1 340 (23.5) 98 (26.1) 67 (20.6) 100 (36.2) 23 (18.3) 23 (13.5) 29 (16.7)
2 402 (27.8) 165 (44.0) 93 (28.6) 68 (24.6) 27 (21.4) 31 (18.1) 18 (10.3)
3 254 (17.6) 46 (12.3) 77 (23.7) 52 (18.8) 24 (19.0) 36 (21.1) 19 (10.9)
4 262 (18.1) 55 (14.7) 58 (17.8) 37 (13.4) 27 (21.4) 45 (26.3) 40 (23.0)
25 189 (13.1) 11 (2.9) 30(9.2) 19 (6.9) 25 (19.8) 36 (21.1) 68 (39.1)
Missing 35 0 g 5 8 10 11
Cultural orientation™ <0.001
More integrated 1,282 (89.3) 375 (100.0) 283 (87.1) 246 (88.8) 98 (79.0) 138 (82.1) 142 (85.0)
Less integrated 154 (10.7) 0 (0.0) 42 (12.9) 31(11.2) 26 (21.0) 30 (17.9) 25 (15.0)
Missing 46 0 3 2 10 13 18
Health literacy® <0.001
Adequate 1,344 (92.3) 373 (99.5) 317 (96.6) 275 (98.6) 91 (71.7) 136 (78.6) 152 (87.4)
Low 112 (7.7) 2 (0.5) 11 (3.4) 4 (1.4) 36 (28.3) 37 (21.4) 22 (12.6)
Missing 26 0 0 0 7 8 8

(Continued)
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Table 1. (Continued)

Total South-Asian African Surinamese Ghanaian Turkish Moroccan
(n=1,482) Dutch (n = 375) Surinamese (n = 328) (n=2T79) (n=134) (n=181) (n=185)
Characteristic n (%) n (%) n (%) n (%) n (%) n (%) n (%) P value
Level of trust in the <0.001
government pandemic
response®
Trust 634 (42.8) 178 (47.5) 126 (38.4) 97 (34.8) 105 (78.4) 60 (33.1) 68 (36.8)
Neutral 650 (43.9) 151 (40.3) 172 (52.4) 138 (49.5) 22 (16.4) 74 (40.9) 93 (50.3)
No trust 198 (13.4) 46 (12.3) 30 (9.1) 44 (15.8) 7(5.2) 47 (26.0) 24 (13.0)
Self-reported SARS-CoV-2 <0.001
vaccination uptake
(primary series)®"
Unvaccinated 195 (13.2) 16 (4.3) 25 (7.6) 59 (21.1) 6 (4.5) 33 (18.2) 56 (30.3)
Incomplete primary series 5(0.3) 0(0.0) 1(0.3) 1(0.4) 2 (1.5) 0 (0.0) 1(0.5)
Complete primary series 1,282 (86.5) 359 (95.7) 302 (92.1) 219 (78.5) 126 (94.0) 148 (81.8) 128 (69.2)
At least 1 dose 1,287 (86.8) 359 (95.7) 303 (92.4) 220 (78.9) 128 (95.5) 148 (81.8) 129 (69.7)
Self-reported booster <0.001
uptake, among those who
completed the primary
series®®
No 343 (26.8) 36 (10.0) 85 (28.1) 57 (26.0) 34 (27.0) 72 (48.6) 59 (46.1)
Yes 939 (73.2) 323 (90.0) 217 (71.9) 162 (74.0) 92 (73.0) 76 (51.4) 69 (53.9)
SARS-CoV-2 antibody test 0.899
result at visit 3¢
Negative 22 (1.5) 5(1.3) 4(1.2) 6(2.2) 1(0.7) 3(1.7) 3(1.6)
Positive 1,460 (98.5) 370 (98.7) 324 (98.8) 273 (97.8) 133 (99.3) 178 (98.3) 182 (98.4)
Infection and vaccination <0.001
status among those
seropositive at visit 35"
Infected and vaccinated 794 (54.4) 215 (58.1) 170 (52.5) 122 (44.7) 78 (58.6) 117 (65.7) 92 (50.6)
Only vaccinated 488 (33.4) 142 (38.4) 132 (40.7) 97 (35.5) 49 (36.8) 31(17.4) 37 (20.3)
Only infected 178 (12.2) 13 (3.5) 22 (6.8) 54 (19.8) 6 (4.5) 30 (16.9) 53 (29.1)
Month of study visit 3 (in <0.001
2022)
May 40 (2.7) 23 (6.1) 13 (4.0) 0 (0.0) 0 (0.0) 0 (0.0) 4(2.2)
June 314 (21.2) 138 (36.8) 90 (27.4) 40 (14.3) 0 (0.0) 0 (0.0) 46 (24.9)
July 480 (32.4) 136 (36.3) 105 (32.0) 118 (42.3) 36 (26.9) 40 (22.1) 45 (24.3)
(Continued)
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5 g3 282 Surinamese (55.2%, 95% CI = 46.6—-63.8%), Moroccan (47.2%, 95%
o N == . .
- £ &2 238 CI = 38.1-56.3%) and African Surinamese (36.2%, 95% CI = 28.3—
S g 53 S g
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Figure 1. SARS-CoV-2 infection and vaccination status® among HELIUS participants with a positive SARS-CoV-2 WANTAI ELISA antibody test result, per ethnic group, Amsterdam, the

Netherlands, 17 May 2022 to 21 November 2022 (n = 1,460).

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HELIUS, Healthy Life in an Urban Setting; ELISA, enzyme-linked immunosorbent assay.

Prior infection and vaccination status was defined as being only previously vaccinated (based on the self-reported uptake of 1 SARS-CoV-2 vaccine dose, without evidence of prior SARS-CoV-
2 infection), only previously infected (based on having a positive antibody test result at the third COVID-19 substudy visit without reporting to be previously vaccinated), or both previously
infected and vaccinated. Among the 794 participants who had both prior infection and vaccination, prior infection was determined based on a positive antibody test result during the second
substudy visit (November 2020 to June 2021) (n =264), or during the first substudy visit when the test result from the second visit was unavailable (June to October 2020) (n = 5). For cases where
previous antibody test results were negative or missing, prior infection was based on self-report, which varied between the first and third (n =36) and second and third visit (n = 489), depending
on the last substudy visit during which the participant tested seronegative. The infection and vaccination status estimates account for the age and sex distribution of the Amsterdam
population through post-stratification weights and for sampling. The uncorrected and corrected estimates and their 95% confidence intervals are shown in Supplementary Figure S3.

The prevalence of anti-spike SARS-CoV-2 antibodies was high
and similar among the studied ethnic groups. This result might
seem unexpected, given that the cumulative incidence of SARS-
CoV-2 infections varied significantly between ethnic groups in
Amsterdam by 31 March 2021 [5]. However, by mid-2022, much
of the Dutch population had been infected with SARS-CoV-2,
partly due to the highly transmissible Omicron variant, which
became dominant in December 2021 [7, 20], and the abolishment
of mitigation measures [21]. Furthermore, the entire population
had the opportunity to receive a primary vaccination, and in
November 2021, a nationwide booster vaccination campaign was
implemented [21]. These events likely led to a large increase in the
SARS-CoV-2 antibody prevalence. In line with our findings, 98% of
Dutch blood donors had natural or vaccine-induced antibodies
against SARS-CoV-2 by February 2022, though this study was
unable to compare between ethnic groups [22]. Despite the high
prevalence of anti-spike SARS-CoV-2 antibodies among our par-
ticipants, 1.5% lacked antibodies, emphasizing the ongoing need for
intervention efforts to protect these people against infection and
severe disease progression. Addressing factors, such as lack of trust
in the government’s response to the pandemic, which appeared to

be lower among those lacking antibodies, could help enhance
vaccination uptake.

The prior SARS-CoV-2 infection and vaccination status varied
remarkably between ethnic groups. First, we observed that 36%,
32%, 26% and 15% of the individuals of African Surinamese,
Moroccan, Turkish, and South-Asian Surinamese origin, respect-
ively, were only previously infected without vaccination, compared
to only 3% of those of Dutch origin. The differences remained when
adjusting for age, sex, household size, trust in the government’s
response to the pandemic, and month of study visit. These obser-
vations align with prior research, in which linkage of SARS-CoV-2
vaccination registry data to HELIUS data demonstrated lower
vaccination uptake among these groups, except in the South-Asian
Surinamese group, between January and September 2021 [6]. Ethnic
minority groups, and especially those unvaccinated, face a higher
risk of developing severe COVID-19-related outcomes following
infection, emphasizing the importance of vaccination in these
groups [23]. However, ethnic minority groups have experienced
hesitancy towards SARS-CoV-2 vaccination, driven by underlying
structural disadvantages (e.g., geographical, economic, social), con-
cerns about vaccine effectiveness and safety, language barriers,
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Figure 2. Ethnic variation in SARS-CoV-2 vaccination and infection status® among HELIUS participants with a positive SARS-CoV-2 antibody test result, Amsterdam, the Netherlands,
17 May 2022 to 21 November 2022.°

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HELIUS, Healthy Life in an Urban Setting; aOR, adjusted odds ratio; Cl, confidence interval; Ref,
reference category.

2Prior infection and vaccination status was defined as being only previously vaccinated (based on the self-reported uptake of 21 SARS-CoV-2 vaccine dose, without evidence of prior
SARS-CoV-2 infection), only previously infected (based on having a positive antibody test result at the third COVID-19 substudy visit without reporting to be previously vaccinated),
or both previously infected and vaccinated (based on the self-reported uptake of at least one SARS-CoV-2 vaccine dose and having tested seropositive during previous substudy
visits [visit 1: June to October 2020 or visit 2: November 2020 to June 2021] or, if antibody test results during previous visit were negative or unavailable, on self-reported prior
infection).

PAnalyses were performed using multinomial logistic regression (reference = both infected and vaccinated). Observations with missing values on covariates were removed from
analysis. The model is adjusted for age, sex, household size, trust in the government response in containing the SARS-CoV-2 pandemic, and month of study visit. Analyses account

for sampling and for the age and sex distribution of the Amsterdam population through post-stratification weights.

culture, mistrust in the government and health systems, and mis-
information [6, 16, 24, 25]. In response to practical barriers, the
Public Health Service of Amsterdam has implemented tailored
interventions to encourage vaccination uptake, including collabor-
ating with community leaders, providing information in native
languages, and deploying an increasing amount of mobile vaccin-
ation units across city districts. Data on practical barriers (e.g.,
distance to vaccination location) was unavailable for our analyses,
but merits further investigation. Nevertheless, the E-value analysis
suggests that unmeasured variables would have to be highly con-
founding to change the identified associations. As factors related to
vaccination intent and uptake for SARS-CoV-2, but also other
infectious diseases, can be specific to certain ethnic groups [6,
16], tailored strategies addressing these concerns are crucial.

Our findings revealed that the slight majority of participants
had acquired immunity through both prior SARS-CoV-2 infec-
tion and vaccination, varying between 65% in the Ghanaian group
and 36% in the African Surinamese group. A combination of
antibodies acquired through both prior SARS-CoV-2 infection
and vaccination (i.e., hybrid immunity) offers more protection
against SARS-CoV-2 infection and severe disease progression
than natural or vaccine-induced immunity alone [9, 26, 27]. Find-
ings from a systematic review and meta-analysis additionally

suggested that hybrid immunity offers longer lasting protection
against reinfection compared to either infection or, to a larger
extent, vaccination alone [9]. However, concerns persist regarding
waning immunity and the potential for antibody evasion by emer-
ging SARS-CoV-2 variants [28], emphasizing the ongoing import-
ance of vaccination, even following infection. It is, however,
important that vaccination precedes infection, as infection could
lead to severe COVID-19, a risk reduced by vaccination [23, 29]. Con-
cerningly, there appears to be a higher risk of infection preceding
vaccination in ethnic minority groups, assumed by the higher
incidence of SARS-CoV-2 infections compared to the Dutch
origin group in the pre-vaccination era [5]. Consequently, these
groups had been at increased risk of severe outcomes associa-
ted with infection, such as COVID-19-related hospitalization,
ICU admission, mortality, and developing post-COVID-19
complications [1].

The prior SARS-CoV-2 infection and vaccination status across
ethnic groups had not previously been investigated in the Netherlands.
However, a study from the United States (US) demonstrated variation
in the prior infection and vaccination status between ethnic groups,
with hybrid immunity ranging between 26.5% among Hispanic and
15.4% among Asian individuals [30]. It should be noted that the US
study was conducted when the Delta variant was dominantly
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circulating (i.e., January and December 2021), and ethnic backgrounds
and cultural histories of ethnic groups vary between the Netherlands
and the US.

This study has several limitations. First, there is a potential for
misclassification of SARS-CoV-2 infection or vaccination status.
The WANTAI SARS-CoV-2 antibody ELISA does not discriminate
between antibodies acquired through infection or vaccination, as it
measures spike protein antibodies, indicating prior infection or
vaccination, and not nucleocapsid protein antibodies, which spe-
cifically indicate prior infection. Hence, we partly relied on self-
report for determining the infection and vaccination status. The
number of vaccinated individuals might have been overestimated,
as participants potentially provided socially desirable answers
regarding their vaccination status. However, the high uptake of
87% by November 2022 was consistent with national vaccination
data (82% of the population >18 years old and 94% of those
260 years old in the Netherlands had received at least one dose
by the end of 2022 [31]). Additionally, the differences in SARS-
CoV-2 vaccination uptake we observed between ethnic groups align
with previous findings from the HELIUS cohort, based on registry
data from September 2021 [6]. Self-reported prior infections might
have been overestimated, as some participants were classified as
previously infected regardless of whether these infections were
suspected or confirmed, or underestimated, as participants might
have had asymptomatic infections. Infections that passed mostly
unnoticed were more common in the Ghanaian group compared to
other ethnic groups within the HELIUS cohort [4], potentially
leading to an overestimation of participants classified as only
vaccinated in this group. It should be noted that it is uncertain
whether individuals with prior infection, vaccination, or both were
still protected against COVID-19 at the time of their study visit, as
antibody levels might have declined over time, even in individuals
with hybrid immunity, potentially reducing the level of protection
[9]. Furthermore, the sociodemographic and cultural differences
between participants in the COVID-19 substudy and the parent
HELIUS cohort suggest potential selection bias. Given the higher
proportions of individuals with factors that might be associated
with increased vaccination uptake and lower infection risk (e.g.,
more highly educated, higher health literacy), this bias could have
led towards higher vaccination and lower infection rates. However,
since the numeric differences in percentages between included and
non-included individuals were not noteworthy, this bias was likely
limited. Lastly, changes may have occurred in the measured house-
hold size, cultural orientation, and health literacy since the baseline
visit of the HELIUS study (i.e., 2011-2015), which might not have
been fully representative of their values at time of measurement of
our study outcomes in 2022.

In conclusion, while seroprevalence was high and similar across
the studied ethnic groups, the acquisition of SARS-CoV-2 spike
protein antibodies (i.e., naturally, through immunization, or both)
varied between the groups, notably with a higher proportion of
individuals in the African Surinamese, Moroccan, Turkish, and
South-Asian Surinamese groups having acquired antibodies only
through previous infection compared to the Dutch group. As hybrid
immunity offers greater protection than natural or vaccine-induced
immunity alone, our findings could help guide policy makers in
prioritizing future vaccination and booster campaigns for specific
demographic groups, such as those only previously infected. As
governmental mistrust was associated with a higher likelihood of
being only infected without vaccination, exploring strategies to

overcome this mistrust is essential for enhancing future uptake of
vaccination against SARS-CoV-2 and other infectious diseases.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/S0950268825000056.

Data availability statement. Data requests can be submitted to the steering
committee of the HELIUS study.

Acknowledgements. The authors would like to acknowledge the HELIUS
COVID-19 study participants for their contribution and the HELIUS team for
data collection and management.

Author contribution. MP, KS,JS, and CA conceived, designed, or oversaw the
study. HG, AK, and JS were involved in the acquisition of data. SC conducted the
statistical analysis and drafted the manuscript under the supervision of AB and
MP. All authors read and approved the final manuscript and attest they meet the
ICMJE criteria for authorship.

Funding statement. This work was supported by ZonMw (10430022010002)
and the Public Health Service of Amsterdam (Research and Development 2021
21-11, Public Health Laboratory grant 2022). The HELIUS study is conducted
by Amsterdam UMC, location Academic Medical Center and the Public Health
Service of Amsterdam. Both organizations provided core support for HELIUS.
The HELIUS study is also funded by the Dutch Heart Foundation (2010 T084),
ZonMw (200500003), the European Union (FP-7) (278901), and the European
Fund for the Integration of non-EU immigrants (EIF) (2013EIF013).

Competing interest. The authors declare that they have no known competing
financial interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Ethical standards. The HELIUS study was approved by the Academic Med-
ical Center Ethical Review Board, and written informed consent was obtained
from all participants.

References

[1] Irizar P, et al. Ethnic inequalities in COVID-19 infection, hospitalisation,
intensive care admission, and death: a global systematic review and meta-
analysis of over 200 million study participants. EClinicalMedicine. 2023;
57:101877.

[2] Chen Q, et al. The protection of naturally acquired antibodies against
subsequent SARS-CoV-2 infection: A systematic review and Meta-
analysis. Emerging Microbes & Infections 2022;11:793-803.

[3] Yang Z-R, et al. Efficacy of SARS-CoV-2 vaccines and the dose—response

relationship with three major antibodies: A systematic review and meta-

analysis of randomised controlled trials. The Lancet Microbe 2023;4:

€236—€246.

Coyer L, et al. SARS-CoV-2 antibody prevalence and correlates of six

ethnic groups living in Amsterdam, the Netherlands: A population-based

cross-sectional study, June—October 2020. BMJ Open 2022;12:e052752.

Coyer L, et al. Differences in SARS-CoV-2 infections during the first and

second wave of SARS-CoV-2 between six ethnic groups in Amsterdam, the

Netherlands: A population-based longitudinal serological study. The Lan-

cet Regional Health-Europe 2022;13:100284.

Campman SL, et al. SARS-CoV-2 vaccination uptake in six ethnic groups

living in Amsterdam, the Netherlands: A registry-based study within the

HELIUS cohort. Preventive Medicine 2024;178:107822.

Backer JA, et al. Shorter serial intervals in SARS-CoV-2 cases with

omicron BA. 1 variant compared with Delta variant, the Netherlands,

13 to 26 December 2021. Eurosurveillance 2022;27:2200042.

Oxford COVID-19 Government Response Tracker [Internet]. Github.

2023. https://github.com/OxCGRT/covid-policy-tracker/tree/master/data

(accessed 23 January 2024).

Bobrovitz N, et al. Protective effectiveness of previous SARS-CoV-2

infection and hybrid immunity against the omicron variant and severe

[4

[5

[6

[7

[8

[9

Downloaded from https://www.cambridge.org/core. IP address: 216.73.216.162, on 30 Jul 2025 at 02:28:45, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/50950268825000056


http://doi.org/10.1017/S0950268825000056
https://github.com/OxCGRT/covid-policy-tracker/tree/master/data
https://doi.org/10.1017/S0950268825000056
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

10

(10]

[11]

=
5

(17]

(18]

[19

Downloaded from https://www.cambridge.org/core. IP address: 216.73.216.162, on 30 Jul 2025 at 02:28:45, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

disease: A systematic review and meta-regression. The Lancet Infectious
Diseases. 2023;23:556-567.

Nordstrom P, Ballin M, Nordstrom A. Risk of SARS-CoV-2 reinfection
and COVID-19 hospitalisation in individuals with natural and hybrid
immunity: A retrospective, total population cohort study in Sweden. The
Lancet Infectious Diseases 2022;22(6):781-790.

Snijder MB, et al. Cohort profile: The healthy life in an urban setting
(HELIUS) study in Amsterdam, the Netherlands. BMJ Open 2017;7(12):
€017873.

Stronks K, Kulu-Glasgow I, Agyemang C. The utility of ‘country of
birth’for the classification of ethnic groups in health research: The Dutch
experience. Ethnicity & Health 2009;14(3):255-269.

Geurts van Kessel CH, et al. An evaluation of COVID-19 serological
assays informs future diagnostics and exposure assessment. Nature Com-
munications 2020;11(1):3436.

Zonneveld R, et al. Head-to-head validation of six immunoassays for
SARS-CoV-2 in hospitalized patients. Journal of Clinical Virology 2021;
139:104821.

National Institute for Public Health and the Environment. Deelname
COVID-19-vaccinatie in Nederland. 2021. https://www.rivm.nl/sites/default/
files/2021-05/Wekelijkse%20rapportage%20COVID-19%20Vaccinatiegraad_
25_05_2021.pdf (accessed 22 August 2023).

Campman SL, et al. Intent to vaccinate against SARS-CoV-2 and its
determinants across six ethnic groups living in Amsterdam, the Nether-
lands: A cross-sectional analysis of the HELIUS study. Vaccine 2023;41:
2035-2045.

Wang Q, Yang L, Jin H, Lin L. Vaccination against COVID-19: A
systematic review and meta-analysis of acceptability and its predictors.
Preventive Medicine 2021;150:106694.

De Vroome T, Hooghe M, Marien S. The origins of generalized and
political trust among immigrant minorities and the majority population in
the Netherlands. European Sociological Review 2013;29:1336-1350.
VanderWeele TJ, Ding P. Sensitivity analysis in observational research:
Introducing the E-value. Annals of Internal Medicine 2017;167:268-274.

https://doi.org/10.1017/50950268825000056

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]
[29]

[30]

(31]

Sophie L. Campman et al.

National Institute for Public Health and the Environment. Variants of
the coronavirus SARS-CoV-2. 2023. https://www.rivm.nl/en/coronavirus-
covid-19/current/variants (accessed 29 November 2023).

Government of the Netherlands. Coronavirus tijdlijn. 2022. https://www.rijk
soverheid.nl/onderwerpen/coronavirus-tijdlijn (accessed 7 February 2024).
Quee F, et al. Booster vaccinations and omicron: The effects on SARS-
CoV-2 antibodies in Dutch blood donors. BMC Infectious Diseases 2023;
23:464.

Zheng C, et al. Real-world effectiveness of COVID-19 vaccines: A litera-
ture review and meta-analysis. International Journal of Infectious Diseases
2022;114:252-260.

Shearn C, Krockow EM. Reasons for COVID-19 vaccine hesitancy in
ethnic minority groups: A systematic review and thematic synthesis of
initial attitudes in qualitative research. SSM-Qualitative Research in Health
2023;3:100210.

Crawshaw AF, et al. Defining the determinants of vaccine uptake and
undervaccination in migrant populations in Europe to improve routine
and COVID-19 vaccine uptake: A systematic review. The Lancet Infectious
Diseases 2022;22:€254—66.

Goldberg Y, et al. Protection and waning of natural and hybrid immunity
to SARS-CoV-2. New England Journal of Medicine 2022;386:2201-2212.
de Gier B, et al. Effects of COVID-19 vaccination and previous infection
on omicron SARS-CoV-2 infection and relation with serology. Nature
Communications 2023;14:4793.

Sun C, et al. Molecular characteristics, immune evasion, and impact of SARS-
CoV-2 variants. Signal Transduction and Targeted Therapy 2022;7:202.
Andrews N, et al. Covid-19 vaccine effectiveness against the omicron (B. 1.1.
529) variant. New England Journal of Medicine. 2022;386:1532-1546.
Busch MP, et al. Population-weighted seroprevalence from severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, vaccination,
and hybrid immunity among US blood donations from January to
December 2021. Clinical Infectious Diseases 2022;75:5254-S63.

Lanooij S, et al. Vaccinatiegraad COVID-19 vaccinatie Nederland, 2022.
2024.


https://www.rivm.nl/sites/default/files/2021-05/Wekelijkse%20rapportage%20COVID-19%20Vaccinatiegraad_25_05_2021.pdf
https://www.rivm.nl/sites/default/files/2021-05/Wekelijkse%20rapportage%20COVID-19%20Vaccinatiegraad_25_05_2021.pdf
https://www.rivm.nl/sites/default/files/2021-05/Wekelijkse%20rapportage%20COVID-19%20Vaccinatiegraad_25_05_2021.pdf
https://www.rivm.nl/en/coronavirus-covid-19/current/variants
https://www.rivm.nl/en/coronavirus-covid-19/current/variants
https://www.rijksoverheid.nl/onderwerpen/coronavirus-tijdlijn
https://www.rijksoverheid.nl/onderwerpen/coronavirus-tijdlijn
https://doi.org/10.1017/S0950268825000056
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

	SARS-CoV-2 infection and vaccination status in six ethnic groups in Amsterdam, The Netherlands, May to November 2022
	Introduction
	Methods
	Study design and population
	Study outcomes
	Covariates
	Statistical analysis

	Results
	Description of the study population
	Prevalence of anti-spike SARS-CoV-2 antibodies
	Ethnic variation in SARS-CoV-2 infection and vaccination status

	Discussion
	Supplementary material
	Data availability statement
	Acknowledgements
	Author contribution
	Funding statement
	Competing interest
	Ethical standards
	References


