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RESEARCH ARTICLE

Seroprevalence of SARS‑CoV‑2 antibodies 
in social housing areas in Denmark
Kamille Fogh1,2,19*  , Alexandra R. R. Eriksen1,2,19, Rasmus B. Hasselbalch1,2,19, Emilie Sofie Kristensen1,2,19, 
Henning Bundgaard3,19, Susanne D. Nielsen4,19, Charlotte S. Jørgensen5, Bibi F. S. S. Scharff6,19, 
Christian Erikstrup7,20, Susanne G. Sækmose8, Dorte K. Holm9,21, Bitten Aagaard10, Jakob Norsk1,2,19, 
Pernille Brok Nielsen1,2,19, Jonas H. Kristensen1,2,19, Lars Østergaard11,20, Svend Ellermann‑Eriksen7,20, 
Berit Andersen12,20, Henrik Nielsen13,22, Isik S. Johansen14,21, Lothar Wiese15, Lone Simonsen16, 
Thea K. Fischer17,23, Fredrik Folke18,19, Freddy Lippert18,19, Sisse R. Ostrowski6,19, Steen Ethelberg5,23, 
Anders Koch4,5,19, Anne‑Marie Vangsted5, Tyra Grove Krause5, Anders Fomsgaard5, Claus Nielsen5, 
Henrik Ullum5, Robert Skov5 and Kasper Iversen1,2,19 

Abstract 

Background:  COVID-19 is thought to be more prevalent among ethnic minorities and individuals with low socio‑
economic status. We aimed to investigate the prevalence of SARS-CoV-2 antibodies during the COVID-19 pandemic 
among citizens 15 years or older in Denmark living in social housing (SH) areas.

Methods:  We conducted a study between January 8th and January 31st, 2021 with recruitment in 13 selected SH 
areas. Participants were offered a point-of-care rapid SARS-CoV-2 IgM and IgG antibody test and a questionnaire 
concerning risk factors associated with COVID-19. As a proxy for the general Danish population we accessed data on 
seroprevalence from Danish blood donors (total Ig ELISA assay) in same time period.

Results:  Of the 13,279 included participants, 2296 (17.3%) were seropositive (mean age 46.6 (SD 16.4) years, 54.2% 
female), which was 3 times higher than in the general Danish population (mean age 41.7 (SD 14.1) years, 48.5% 
female) in the same period (5.8%, risk ratios (RR) 2.96, 95% CI 2.78–3.16, p > 0.001). Seropositivity was higher among 
males (RR 1.1, 95% CI 1.05–1.22%, p = 0.001) and increased with age, with an OR seropositivity of 1.03 for each 10-year 
increase in age (95% CI 1.00–1.06, p = 0.031). Close contact with COVID-19-infected individuals was associated with 
a higher risk of infection, especially among household members (OR 5.0, 95% CI 4.1–6.2 p < 0,001). Living at least four 
people in a household significantly increased the OR of seropositivity (OR 1.3, 95% CI 1.0–1.6, p = 0.02) as did living in 
a multi-generational household (OR 1.3 per generation, 95% CI 1.1–1.6, p = 0.003). Only 1.6% of participants reported 
not following any of the national COVID-19 recommendations.

Conclusions:  Danish citizens living in SH areas of low socioeconomic status had a three times higher SARS-CoV-2 
seroprevalence compared to the general Danish population. The seroprevalence was significantly higher in males and 
increased slightly with age. Living in multiple generations households or in households of more than four persons 
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Background
The first confirmed case of SARS-CoV-2 infection in 
Denmark was reported on February 27, 2020 and by May 
4th, 2021 there have been more than 254,482 confirmed 
cases of SARS-CoV-2 infection and more than 2491 
COVID-19 related deaths in Denmark [1]. The epidemic 
in Denmark was characterized by two infection waves in 
spring 2020 and autumn/winter 2021.

So far, the outbreak of the epidemic has had a hetero-
geneous regional patterns with geographical accumula-
tions and varying incidence by gender, age, social class 
and employment [2]. Although there is equal and free of 
charge access to health care for everybody in Denmark 
including testing for COVID-19 (viral throat- and naso-
pharyngeal swab), citizens’ behavior may vary in different 
social segments. National and regional seroprevalence 
data offer valuable information to tailor public health 
policies towards the COVID-19 epidemic.

According to the Danish authorities, 15 residential 
areas are currently defined as social housing (SH) areas, 
characterized by low employment rates, low income, low 
education level, high crime rate and/or increased propor-
tion of immigrants [3]. Some reports suggest that ethnic 
minorities in a number of countries are over-represented 
among those infected with COVID-19, just as socio-
economic inequality is described among SARS-CoV-2 
infected persons [4–6]. A Danish report from October 
2020 showed similar patterns, where people of non-
Western background accounted for 25.7% of cases with 
SARS-CoV-2 infection, despite representing only 8.9% of 
the population [7, 8].

Vulnerable and marginalized populations, certain eth-
nic minorities and persons of low socioeconomic status 
may have difficulties receiving and following health rec-
ommendations [9]. Which could lead to reduced use of 
protective equipment and difficulties in navigating the 
health care system with impaired contact, due to cultural 
and linguistic barriers, with the risk of being underdiag-
nosed. For cultural and economic reasons, individuals in 
SH areas may live in crowded multi-generational house-
holds with children, parents and grandparents, which has 
been hypothesized to increase transmission of SARS-
CoV-2 [4, 10]. This may not only affect their households 
but also people in their environment. Estimating the 
contributions of individual and sociocultural factors that 
may lead to COVID-19 outbreaks is important, and sys-
tematic screening for antibodies against SARS-CoV-2 

is an important tool in the surveillance of the current 
pandemic.

The Danish prevalence of SARS-CoV-2 seropositiv-
ity is reported for blood donors [11], medical students 
[12] hospital staff [13] and in a random sample of Danish 
citizens [14], but not in a subpopulation that may be at 
increased risk of SARS-CoV-2 infection due to low socio-
economic status.

In this study we determined the prevalence of SARS-
CoV-2 antibodies among Danish citizens in SH areas at 
national and regional levels, by the use of Point-of care 
rapid test (POCT) for antibodies against SARS-CoV-2 
and explored possible risk factors of seropositivity.

Methods
Study design and participation
The sero-epidemiological survey of SARS-CoV-2 infec-
tion in Denmark “Testing Denmark” is a nationwide 
surveillance study to investigate seropositivity for SARS-
CoV-2 in the Danish population throughout the country, 
launched in September 2020.

The prevalence of SARS-CoV-2 antibodies among Dan-
ish citizens in SH areas was assessed by use of POCT 
during the period January 8th and January 31st, 2021 as 
part of “Testing Denmark”. By January 7th, 2021 there 
had been a total of 176.837 (3.0%) inhabitants tested pos-
itive for SARS-CoV-2 by PCR in Denmark [15].

Recruitment sites were chosen in collaboration with 
non-governmental organization with an ethnic minor-
ity background, who do voluntary efforts in their local 
community area. We recruited participants from 13 dif-
ferent SH areas in Denmark by convenience sampling, 
(see Additional file 1: Appendix, Fig. 1). All persons over 
15  years of age living in the SH areas were invited to 
participate.

At all recruitment sites written information about the 
project were available in seven different languages; Dan-
ish, English, Arabic, Turkish, Farsi, Somali and Urdu.

Questionnaire
Participants were asked to fill in a short questionnaire 
provided at the recruitment site, available in the seven 
different languages, due to risk factors, COVID-19 
related symptoms, household, employment and behavior 
according to general recommendations from the Dan-
ish authorities (see Questionnaire in Additional file  1: 
Appendix).

was a strong risk factor for being seropositive. Results of this study can be used for future consideration of the need 
for preventive measures in the populations living in SH areas.

Keywords:  SARS-CoV-2, COVID-19, Seroprevalence, Social housing areas, Antibodies
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Answers to the questionnaire and results of the POCT 
were managed in the Research Electronic Data Capture 
(REDCap), a secure web-based, electronic data capture 
tool, hosted at the Capital Region’s server [16, 17]. All 
personal data was kept in accordance with the general 
data protection regulation and data protection law stated 
by the Danish Data Protection Agency.

Detection of SARS CoV‑2 antibodies
The OnSite COVID-19 IgG/IgM Rapid Test (CTK Bio-
tech inc., Poway, California, United States of America) is 
a single use lateral flow chromatographic immunoassay 
for qualitative detection and differentiation of IgG and 
IgM antibodies to SARS-CoV-2 in whole blood, which 
yields results in 15 min. This test was used by the partici-
pant with assistance from the project personnel, accord-
ing to the manufacturer’s recommendations.

The manufacturer reported the POCT sensitivity and 
specificity of 96.9% (95% CI 96.7–98.5%) and 99.4% (95% 
CI 97.8–99.8%) respectively [18]. A comparative study 
(cases = 30 individuals, controls = 10 individuals) showed 
a slightly lower sensitivity of 90.0% and a specificity of 
100% [19].

Fingerprick blood and detection buffer were added 
to the test cassette and test results were available after 
15  min by trained project personnel. When no control 
line appeared or if the reading chamber was discolored 

by blood the test was inconclusive. Inconclusive test 
results were treated as negative. Weak signals for IgM 
and/or IgG, were considered positive. Participants were 
categorized as seropositive if they had developed IgG 
and/or IgM anti-SARS-CoV-2 antibodies.

SARS‑CoV‑2 antibody levels in the general population
Since October 2020, all Danish blood donations are rou-
tinely screened for SARS-CoV-2 antibodies using the 
Wantai SARS-CoV-2 Ab ELISA (Beijing Wantai Biologi-
cal Pharmacy Enterprise, Beijing, China). A comparative 
study with 129 non-hospitalized versus 31 hospitalized 
individuals diagnosed with SARS-CoV-2 showed a sensi-
tivity of 96.7 (95% CI 92.4–98.6) and a specificity of 99.5 
(95% CI 98.7–99.8) of the Wantai assay [20]. In this study 
we used anonymized data from January 2021, matched 
by period. This group was used as a proxy for the general 
population.

Primary outcome
The primary outcome was the proportion of the study 
population with a positive antibody test for SARS-CoV-2 
stratified by place of testing compared to the general 
population.

Statistical analysis
Baseline characteristics and exposures are presented as 
n (%) for factors and mean (standard deviation (SD) or 
median (interquartile range (IQR)) for numeric variables 
as appropriate, and tested using either Students t-test 
or Chi square test. Household size was presented both 
as the total number of persons (with a maximum of > 5 
according to the questionnaire) and as the number of 
generations in the household. The three generations were 
defined as individuals per household; < 19, 19–64 and 
> 65 years of age.

Unadjusted risk was presented as risk ratios (RR) with 
95% confidence intervals (95% CI). To account for the 
possible clustering effect of participants living close to 
each other, we chose to use logistic regression, adjust-
ing for test location (SH area) to determine the correla-
tion between putative risk factors including age, gender, 
BMI, smoking, alcohol use, drug use, working, working 
in healthcare or nursing, household size, different expo-
sures to SARS-CoV-2 in your social circle, and seroposi-
tivity. Adjusted analyses included age, gender and SH 
area. Results of these regression analyses were reported 
as odds ratios (OR) of risk factors and presented with 
95% confidence intervals (95% CI). A p-value of < 0.05 
was considered significant. Calculation were done using 
R version 6.3.1 [21]. A map of seropositivity were made 
using ggplot2 from tidyverse and in an interactive version 
using the tmap package in Rstudio.

Fig. 1  CONSORT diagram
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Results
Characteristics
Between January 8th and January 31st, 2021, we included 
a total of 13,279 participants in SH areas. The mean age 
of the cohort was 46.6 (SD 16.4) years and 54.2% were 
female. Baseline characteristics of the cohort is shown in 
Table 1. A total of 3236 (24.4%) completed the accompa-
nying questionnaire, primarily in Danish (94.4%). A flow-
chart of participant inclusion is depicted in Fig. 1.

Participants were recruited from 13 selected SH areas 
placed in the municipalities of Copenhagen (n = 5816), 
Aarhus (n = 3718), Odense (n = 1731), Hoeje Taastrup 
(n = 1308), Helsingoer (n = 405) and Slagelse (n = 301), 
illustrated in Additional file  2: Table  S1 and Additional 
file 1: Figure S1.

Seroprevalence
A total of 2296 (17.3%) participants were seropositive for 
SARS-CoV-2 antibodies (IgG and/or IgM), of whom 1594 
(12.0%) were positive for IgG antibodies, 1602 (12.1%) 
were positive for IgM antibodies and 899 (6.77%) were 
positive for both IgG and IgM antibodies. This was sig-
nificantly higher than the seropositivity of 5.8% of the 
general population (n = 22,677, age 41.7 (SD 14.1) years, 
48.5% female). Additional file 1: Figure S1 illustrates the 
seroprevalence in the general population and our study 
group. The RR range between SH areas varied from 1.1 in 
Ringerparken in Slagelse to 4.0 in Vollsmose in Odense.

Seropositive participants were older than seronegative 
participants (47.3 vs 46.4 years, p = 0.03) and more likely 
to be male (RR 1.1, 95% CI 1.05–1.22%, p = 0.001). Sero-
positivity stratified on age and gender is shown in Fig. 2. 
Both age and gender remained associated with seroposi-
tivity in the multiple logistic regression model for gender 
and place of testing, for an increase in age of 10  years, 
OR of seropositivity was 1.03 (95% CI 1.00–1.06, 
p = 0.03) and for male gender OR 1.17 (95% CI 1.07–1.29, 
p = 0.001).

Risk factors of infection
Seropositivity stratified by risk factors are shown in 
Table  2. In the analysis adjusted for test location sev-
eral factors were associated with an increased odds of 
infection. Reporting a stay of > 15  min in a room with 
an infected person (OR 2.7, 95% CI 2.2–3.5, p < 0.001), 
having someone infected in the household (OR 5.0, 95% 
CI 4.1–6.2, p < 0.001), having bodily contact with some-
one infected (OR 1.2, 95% CI 1.0–1.5, p = 0.03) and hav-
ing a family member with COVID-19 (OR 1.2, 95% CI 
1.0–1.5, p = 0.03) were all associated with higher odds 
of infection. Seropositive participants were less likely to 
smoke (p < 0.001), consume alcohol (p = 0.04) and engage 
in drug use (p = 0.004) (Table 1). In multivariate logistic 
regression adjusted for age, gender and place of testing, 
smoking (OR 0.61, 95% CI 0.48–0.77, p < 0.001) and drug 

Table 1  Baseline characteristics of the study cohort of people in SH areas stratified by seropositivity

Alcohol intake: Intake of alcohol within the past 12 months

Alcohol use: Reporting > 7 units of alcohol a week for females or > 14 units of alcohol for males

Full cohort Seronegative Seropositive p

n 10,983 2296

Age (mean (SD)) 46.43 (16.4) 47.27 (16.0) 0.031

Female (%) 5567 (54.8) 1100 (51.0) 0.001

Questionnaire cohort

n 2632 604

Body mass index (median [IQR]) 25.35 [22.83, 29.03] 25.47 [23.12, 29.05] 0.476

Ever smoker (%) 727 (27.8) 121 (20.1) < 0.001

Alcohol intake (%) 2075 (80.3) 458 (76.5) 0.039

Alcohol use (%) 140 (5.5) 21 (3.6) 0.074

Ever used drugs (%) 123 (4.7) 12 (2.0) 0.004

Education level (%) 0.842

 No formal education 66 (2.5) 16 (2.7)

 Primary education 251 (9.6) 61 (10.2)

 Secondary education (youth education) 267 (10.3) 66 (11.0)

 Vocational training or short-term/medium-term higher 
education

1,384 (53.2) 325 (54.3)

 Long-term higher education 605 (23.2) 126 (21.0)

 Unknown 30 (1.2) 5 (0.8)
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use (OR 0.44, CI 0.13–0.26, p = 0.01) were both signifi-
cantly protective factors.

Figure  3 shows the risk of seropositivity stratified by 
the size of the participants household. There was a clear 
association between the size of households and seroposi-
tivity. In adjusted analysis living at least four people in a 
household was associated with a significantly increased 
risk of seropositivity (OR 1.3, 95% CI 1.0–1.6, p = 0.02). 

Seroprevalence among participants living in a house-
hold with only one generation was 17.1%, with two gen-
erations 20.4% and with three or more generations 21.5%. 
Adjusted for age, gender and place of testing, living at 
least two generations in a household was associated with 
a significantly increased risk of seropositivity (OR 1.3, 
95% CI 1.1–1.6, p = 0.003) as compared to living only one 
generation.

Fig. 2  SARS-CoV-2 seroprevalence among 11,654 individuals in SH areas by age and sex. Red: male, blue: female, number of participants in each 
group
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Of the 3236 participants who completed the question-
naire, 2141 (66.2%) reported working (part time, full 
time and self-employed participants combined). Figure 4 
shows the risk of seropositivity stratified by employment 
status and occupation. Though a bit higher (19.7% vs 
17.0%), in the adjusted model there was a 20% borderline 
significant increase in seropositivity among participants 
who reported working (OR 1.2, 95% CI 1.0–1.4, p = 0.06).

Seropositivity was higher in participants working at a 
nursing homes (n = 79, 22.9%), participants working in 
home care nursing (n = 68, 22.9%) and participants work-
ing in health care (n = 315, 22.1%). Compared to those 

with other occupations, working in health care or at 
nursing home was associated with a 30% higher risk of 
seropositivity (OR 1.3, 95% CI 1.0–1.6, p = 0.05).

Among the participants who completed the question-
naire, symptoms were reported by 2355 (72.8%). We 
found a significant association between reporting of 
symptoms associated with COVID-19 and seropositiv-
ity (RR 1.5, 95% CI 1.3–1.9, p < 0.001). Additional file 1: 
Figure S2 shows the frequency of each symptom strati-
fied for seropositivity. Anosmia (loss of sense of smell) 
(RR 3.2, 95% CI 2.8–3.7, p < 0.001) and ageusia (loss of 

Table 2  Risk factors stratified by seropositivity of the questionnaire cohort of people in SH areas

Seronegative Seropositive p

n 2632 604

Stayed in the same room for 15 min with COVID-19 infected (%) 807 (46.7) 281 (70.8) < 0.001

Had bodily contact with COVID-19 infected person (%) 415 (20.0) 180 (39.0) < 0.001

Had worked/studied with COVID-19 infected person (%) 777 (35.1) 171 (36.5) 0.584

Had someone in the household infected with COVID-19 (%) 296 (12.2) 228 (41.3) < 0.001

Had someone in the family or friend outside household infected with COVID-
19 (%)

1445 (59.0) 352 (64.5) 0.021

Fig. 3  SARS-CoV-2 seroprevalence among 3236 individuals in SH areas by household size and generations in households. A Number of household 
members, B household size in terms of generations
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sense of taste) (RR 3.3, 95% CI 2.9–3.8, p < 0.001) had 
the strongest correlation to seropositivity. Additional 
file 1: Figure S3 is a forest plot of risk of seropositivity 
for each symptom.

Adherence to the general COVID‑19 recommendations 
from the Danish authorities
The national COVID-19 health recommendations are 
listed in Additional file 1: Figure S4. We found that only 
53 (1.6%) participants reported not following any of the 

Fig. 4  SARS-CoV-2 seroprevalence among 3210 individuals in SH areas by employment from questionnaire cohort
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national COVID-19 recommendations, listed in the 
questionnaire (see Additional file 1: Appendix). Of those 
41 were seronegative (77.4%) and 12 seropositive (22.6%), 
this was not significantly different from other partici-
pants (p = 0.48). Changes in behavior in response to the 
COVID-19 epidemic are shown in Additional file 1: Fig-
ures S5, S6. We found that the younger participants were 
less likely to follow general recommendations. There was 
no significant association between any behavioral change 
and seropositivity.

Discussion
In this large, national, cross-sectional study we deter-
mined the seroprevalence of SARS-CoV-2 antibodies in 
SH areas. The findings from our study indicate that the 
prevalence of seropositive participants living in SH areas 
in Denmark was three times higher than in the general 
population. Males were found to be seropositive more 
often than females, similar to what has been reported 
in other studies [12, 13]. We found that seroprevalence 
increased with age, especially among men. Seropreva-
lence varied between geographical areas, being highest 
in the Capital region. The prevalence of self-reported 
symptoms in our study is consistent with previous find-
ings with anosmia and ageusia having the strongest cor-
relation to seropositivity [13, 14]. Regarding behavioral 
factors we saw that seropositive participants were less 
likely to smoke, drink alcohol or use drugs. This may 
be explained by a higher risk of seropositivity in older 
people, while alcohol intake, drug use and smoking are 
expected to be more widespread among young people, 
who generally had a lower risk of being seropositive. 
Another likely contributing explanation might be that 
people with such risk factors did not participate in the 
study. We found no significant difference in body-mass 
index (BMI) between seronegative and seropositive par-
ticipants, however overall participants were overweight 
with a median BMI above 25.

In relation to age-related seroprevalence we do not see 
the same trend as in other Danish studies. The Danish 
National Seroprevalence Survey of SARS-CoV-2 infec-
tion by SSI described seroprevalence estimates were 
roughly 3 times higher in those aged 12–29 compared to 
65 years and above [14] also, a study of 29,295 health-care 
workers in Denmark found participants under 30  years 
of age having the highest seroprevalence [13]. A study of 
1100 retired blood donors found a lower seroprevalence 
in the age group ≥ 70  years [22], this was also seen in a 
study of ambulance staff in Sweden and Denmark which 
described the lowest proportion of seropositive over age 
60 years [23].

Appropriate quarantine and separation from infected 
household members can be challenging in large 

households, and previous studies described how crowded 
living conditions constitute an increased risk of sero-
positivity [7, 8, 24, 25]. Furthermore, crowded living 
conditions is considered a key reason why people of low 
socioeconomic status or of ethnic minority backgrounds 
in particular have been disproportionately affected by the 
pandemic [4, 26]. Our results show that being exposed to 
SARS-CoV-2 due to close contact (physical contact and 
staying in the same room above 15  min as infected) or 
having someone infected in the household increased the 
risk of seropositivity significantly.

We found that the household composition was of 
importance, as living at least four people in a household 
or living in a multigenerational household increased the 
risk of seropositivity among participants. This finding 
is consistent with a previous preprint study on SARS-
CoV-2 transmission within Danish households, which 
demonstrated an increased transmission risk with age 
[27].

Joblessness and low levels of education are more com-
mon in SH areas than in the general population and a 
study from Italy reported that being less educated may 
be a challenge under a pandemic, as the language barrier 
may affect the adherence to institutional recommenda-
tions such as wearing protective masks, avoid contagion 
and maintaining social distancing [5]. In our study only 
2.7% seropositive participants answering the question-
naire were without any formal education. Our findings 
did not indicate clear association between seropositivity 
and behavioral change overall, and we observed a high 
rate of behavioral change, especially among the elderly. 
Only 1.6% of participants indicated not having changed 
behavior in response to the COVID-19 pandemic, why 
study participants overall were likely to implement pub-
lic health measures. Joblessness (stay at home, unem-
ployed or on leave) was not associated with the risk of 
seropositivity. Joblessness can potentially be a protective 
factor against COVID-19 infection as more prone to stay 
at home and avoiding public transportation or meeting 
people outside the household [5].

Employment in health care or nursing (nursing homes 
and nursing care at home) was associated with a 20% 
higher seropositivity rate, however this was borderline 
significantly (p = 0.05). This can be due to the fact that 
these job functions have been less affected by restrictions 
of working from home and avoiding person-to person 
contact and thereby pose an increased risk of infection. 
Also, vaccination of health care workers and workers in 
nursing homes was introduced December 27th, 2020 by 
the Danish Health Authority and the Ministry of Health 
as part of the Danish vaccination program, why there is 
a small likelihood that these participants have been vac-
cinated and thereby present a positive POCT based 
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on antibodies from the vaccine instead of naturally 
immunization.

Ethnicity
A report from the SSI about ethnicity and SARS-CoV-2 
infection showed that citizens of non-Western descent 
were overrepresented by a factor of three in relation to 
the part they constitute of the Danish population, which 
may be due to living conditions or employment with 
higher risk of infection [8]. Unfortunately, we could not 
explore differences by ethnicity, as this information was 
not available by questionnaire and only a fraction of the 
participant informed about their social security num-
ber with the possibility for obtain information about 
ethnicity. In future studies like this it will be beneficial 
to include ethnicity in the questionnaire and include a 
translator at the test site to prevent potential linguistic 
barriers in answering of the questionnaires. Selection 
bias due to language barriers might have affected our 
results despite the fact that information material and 
questionnaire were available in seven different languages.

Strengths and limitations
Our study has several limitations. The study design does 
not provide information on the point of time when par-
ticipants became seropositive nor determination of 
time of infection. It is possible that participants who 
tested positive for SARS-CoV-2 earlier (viral throat- or 
nasopharyngeal swab or antibody test) or experienced 
COVID-19 like symptoms did not participate, leading 
to an underestimation of the true seroprevalence or the 
opposite, that those who knew they had been ill wanted 
to know if they had antibodies, and thereby an potential 
overestimation of the true seroprevalence. Seropositivity 
can be underestimated due to the fact that antibodies in 
response to SARS-CoV-2 infection can first be detected 
about 1 week after symptom onset [24, 28]. Furthermore, 
using seropositivity of Danish blood donors in the same 
period as a proxy for the general population is with some 
limitations to consider. Blood donors were in the age 
group 17–70  years and our study group are in the age 
group 15–83 years. Another source of error is that sero-
prevalence in blood donors is determined on the basis of 
ELISA, while the participants were tested with a POCT. 
In general, blood donors are in good health, why seropos-
itivity in this group could be lower than expected. There 
is a tendency for health care professionals to be overrep-
resented as blood donors, and this group is found to have 
a higher risk of SARS-CoV-2 infection [13], why the sero-
positivity of blood donors could be higher than expected. 
A further caveat is that participants did not have to docu-
ment a residential address in the SH areas, meaning that 
there may be participants included from other areas or 

from the same household, which could result in the sero-
prevalence being influenced by household clustering, 
thereby overestimating seroprevalence, especially in SH 
areas with few participants. There is a low risk of par-
ticipants from SH areas having been vaccinated prior to 
participation in this study and thereby seropositive based 
on vaccine response and not natural immunization. Vac-
cinated blood donors have been removed from data.

This study had a broad national participation, which 
yields a representative sample of the Danish population 
living in SH areas of low socioeconomic status. The high 
participation rates across the country may reflects a keen 
interest in knowing the serological status supported by 
easily accessible testing facilities near the household, 
and written information in different language. Interob-
server variation was limited as the POCT was read by 
project staff at the test sites. Serological surveys are the 
best tool to determine the spread of an infectious disease, 
particularly in the presence of asymptomatic individuals 
or incomplete ascertainment of those with symptoms. 
The POCT is a useful serological tool as it is easy to 
use, provides results in 15 min, can be performed by the 
participants, do not require a venous blood sample nor 
laboratory equipment and is less costly than ELISA, and 
thereby a suitable option for large sero-epidemiological 
studies.

Conclusions
People living in SH areas in Denmark, have a three times 
higher seroprevalence of SARS-CoV-2 antibodies com-
pared to the general Danish population. Seroprevalence 
was significantly higher for males and increased with age. 
Living in multiple generations households or in house-
holds of more than four persons was a strong risk factor 
for being seropositive. Results of this study can be used 
for future consideration of the need for preventive meas-
ures in the populations living in SH areas.

Abbreviations
SH: Social housing; POCT: Point-of care test.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12879-​022-​07102-1.

Additional file 1: Figure S1. Map of seropositivity (made with Rstudio, 
own source). Figure S2. Frequency of symptoms among 3236 individu‑
als in SH areas stratified by seropositivity. Figure S3. Forest plot of risk 
ratios (RR) for each symptom reported by questionnaire cohort. Figure 
S4. General recommendations from the Danish Health authorities. Figure 
S5. Change of behavior among 3236 individuals in SH areas during the 
pandemic stratified by seropositivity. Figure S6. Change of behavior 
among 3,236 individuals in SH areas during the pandemic stratified by sex 
and age in quartiles.

https://doi.org/10.1186/s12879-022-07102-1
https://doi.org/10.1186/s12879-022-07102-1


Page 10 of 11Fogh et al. BMC Infectious Diseases          (2022) 22:143 

Additional file 2: Table S1. Seroprevalence of SH areas compared to their 
surrounding municipality.

Acknowledgements
The authors would like to thank everyone who participated in this study, all 
staff and local contacts at test sites. We thank Thomas Benfield, Cyril JM Martel 
and Kåre Mølbak for contributions to this study.

Authors’ contributions
The study was designed and initiated by: KF, RLS and KI. Data analysis was 
done by: RH, KF and AE. The first draft was written by: KF, AE, RH, HB and KI. 
Drafted the work or substantively revised the manuscript: KF, KI, RLS, HB, AE, 
RH, EK, SDN, CSJ, BFSSS, CE, SGS, DKH, BA, JN, PBN, JHK, LØ, SEE, BA, HN, ISJ, 
LW, LS, TKF, FF, FL, SRO, SE, AK, AMV, TGK, AF, CN and HU. All authors agree to 
be accountable for all aspects of the work and approved the final version. 
All authors agreed both to be personally accountable for the author’s own 
contributions and to ensure that questions related to the accuracy or integrity 
of any part of the work, even ones in which the author was not personally 
involved, are appropriately investigated, resolved, and the resolution docu‑
mented in the literature. All authors read and approved the final manuscript.

Funding
This study was supported by grants from the foundations of Trygfonden 
[152144] and Helsefonden [20-A-0124]. The funders did not influence study 
design, conducting or reporting.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
corresponding author on reasonable request. The data are not publicly avail‑
able due to Danish legislations.

Declarations

Ethics approval and consent to participate
This study was performed as a national cross-sectional surveillance study 
under the authority task of Statens Serum Institut (SSI, Copenhagen, Denmark; 
which performs the epidemiological surveillance of infectious diseases for 
the Danish government) and according to Danish law does not require any 
formal approval from an ethics committee, nor written or verbal consent for 
participation. This was in accordance with the regional ethics committee 
from the Capital region in Denmark (20057075). The study was performed 
in agreement with the Helsinki II declaration and registered with the Danish 
Data protection Authorities (P-2020-901). Participation was voluntary. All 
personal data obtained in REDCap was kept in accordance with the general 
data protection regulation and data protection law stated by the Danish Data 
Protection Agency.

Consent for publication
Not applicable.

Competing interests
The authors declared no potential conflict of interest with respect to the 
research, authorship, and/or publication of this article.

Author details
1 Department of Cardiology, Copenhagen University Hospital, Herlev 
and Gentofte, Borgmester Ib Juuls Vej 1, 2730 Herlev, Denmark. 2 Department 
of Emergency Medicine, Copenhagen University Hospital, Herlev and Gen‑
tofte, Herlev, Denmark. 3 Department of Cardiology, Copenhagen University 
Hospital, Rigshospitalet, Copenhagen, Denmark. 4 Department of Infectious 
Diseases, Copenhagen University Hospital, Rigshospitalet, Copenhagen, Den‑
mark. 5 Statens Serum Institut, Copenhagen, Denmark. 6 Department of Clinical 
Immunology, Copenhagen University Hospital, Rigshospitalet, Copenhagen, 
Denmark. 7 Department of Clinical Microbiology, Aarhus University Hospital, 
Aarhus, Denmark. 8 Department of Clinical Immunology, Zealand University 
Hospital, Køge, Denmark. 9 Department of Clinical Immunology, Odense 
University Hospital, Odense, Denmark. 10 Department of Clinical Immunology, 
Aalborg University Hospital, Aalborg, Denmark. 11 Department of Infectious 

Diseases, Aarhus University Hospital, Aarhus, Denmark. 12 University Research 
Clinic for Cancer Screening, Randers Regional Hospital, Randers, Denmark. 
13 Department of Infectious Diseases, Aalborg University Hospital, Aalborg, 
Denmark. 14 Department of Infectious Diseases, Odense University Hospital, 
Odense, Denmark. 15 Department of Infectious Diseases, Zealand University 
Hospital, Roskilde, Denmark. 16 Department of Science and Environment, 
Roskilde University, Roskilde, Denmark. 17 Department of Clinical Research, 
North Zealand Hospital, Hillerød, Denmark. 18 Copenhagen Emergency 
Medical Services, Copenhagen, Denmark. 19 Department of Clinical Medicine, 
University of Copenhagen, Copenhagen, Denmark. 20 Department of Clini‑
cal Medicine, Aarhus University, Aarhus, Denmark. 21 Department of Clinical 
Research, University of Southern Denmark, Odense, Denmark. 22 Department 
of Clinical Medicine, Aalborg University, Odense, Denmark. 23 Department 
of Public Health, University of Copenhagen, Copenhagen, Denmark. 

Received: 30 May 2021   Accepted: 29 January 2022

References
	1.	 The Danish Health Authority. Current data on the development of 

coronavirus. 2021. https://​www.​sst.​dk/​en/​Engli​sh/​Corona-​eng/​Status-​of-​
the-​epide​mic/​COVID-​19-​updat​es-​Stati​stics-​and-​charts.

	2.	 Goujon A, Natale F, Ghio D, Conte A, Dijkstra L. Age, gender, and territory 
of COVID-19 infections and fatalities. Luxembourg: Publications Office of 
the European Union; 2020.

	3.	 Danmarks Almene Boliger. Ghettolisten. 2020. https://​bl.​dk/​polit​ik-​og-​
analy​ser/​temaer/​hvem-​er-​paa-​ghett​olist​en/.

	4.	 Sze S, Pan D, Nevill CR, Gray LJ, Martin CA, Nazareth J, et al. Ethnicity and 
clinical outcomes in COVID-19: a systematic review and meta-analysis. 
EClinicalMedicine. 2020;29:100630.

	5.	 Consolazio D, Murtas R, Tunesi S, Gervasi F, Benassi D, Russo AG. Assessing 
the impact of individual characteristics and neighborhood socioeco‑
nomic status during the COVID-19 pandemic in the provinces of Milan 
and Lodi. Int J Health Serv. 2021;51:311–24.

	6.	 Rostila M, Cederstrom A, Wallace M, Branden M, Malmberg B, Anders‑
son G. Disparities in COVID-19 deaths by country of birth in Stockholm, 
Sweden: a total population based cohort study. Am J Epidemiol. 
2021;190:1510–8.

	7.	 Statens Serum Institut. Epidemiologism trend og fokus: Herkomst (etnic‑
itet). 2020. https://​files.​ssi.​dk/​COVID​19-​epi-​trend​ogfok​us-​07052​020-​4eu7.

	8.	 Statens Serum Institut. COVID-19 og herkomst - opdateret fokusrapport. 
2020. https://​files.​ssi.​dk/​COVID​19-​og-​herko​mst-​oktob​er-​2020.

	9.	 The Danish Health Authority. General guidance. 2021. https://​www.​sst.​
dk/​en/​Engli​sh/​Corona-​eng/​Preve​nt-​infec​tion/​Gener​al-​guida​nce.

	10.	 Greenaway C, Hargreaves S, Barkati S, Coyle CM, Gobbi F, Veizis A, et al. 
COVID-19: exposing and addressing health disparities among ethnic 
minorities and migrants. J Travel Med. 2020;27(7):taa113.

	11.	 Erikstrup C, Hother CE, Pedersen OBV, Molbak K, Skov RL, Holm DK, et al. 
Estimation of SARS-CoV-2 infection fatality rate by real-time antibody 
screening of blood donors. Clin Infect Dis. 2021;72(2):249–53.

	12.	 Madsen JR, Nielsen JPS, Fogh K, Hansen CB, Nielsen PB, Lange T, et al. 
Anti-SARS-CoV-2 seropositivity among medical students in Copenhagen. 
medRxiv. 2021:2021.02.09.21251421.

	13.	 Iversen K, Bundgaard H, Hasselbalch RB, Kristensen JH, Nielsen PB, Pries-
Heje M, et al. Risk of COVID-19 in health-care workers in Denmark: an 
observational cohort study. Lancet Infect Dis. 2020;20(12):1401–8.

	14.	 Espenhain L, Tribler S, Jørgensen CS, Holm Hansen C, Wolff Sönksen U, 
Ethelberg S. Prevalence of SARS-CoV-2 antibodies in Denmark 2020: 
results from nationwide, population-based sero-epidemiological surveys. 
medRxiv. 2021:2021.04.07.21254703.

	15.	 Danmarks Statistik. COVID-19 - hurtige indikatorer. 2021. https://​www.​dst.​
dk/​da/​Stati​stik/​covid-​19-​hurti​ge-​indik​atorer.

	16.	 Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The 
REDCap consortium: building an international community of software 
platform partners. J Biomed Inform. 2019;95:103208.

	17.	 Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap)—a metadata-driven methodology and 

https://www.sst.dk/en/English/Corona-eng/Status-of-the-epidemic/COVID-19-updates-Statistics-and-charts
https://www.sst.dk/en/English/Corona-eng/Status-of-the-epidemic/COVID-19-updates-Statistics-and-charts
https://bl.dk/politik-og-analyser/temaer/hvem-er-paa-ghettolisten/
https://bl.dk/politik-og-analyser/temaer/hvem-er-paa-ghettolisten/
https://files.ssi.dk/COVID19-epi-trendogfokus-07052020-4eu7
https://files.ssi.dk/COVID19-og-herkomst-oktober-2020
https://www.sst.dk/en/English/Corona-eng/Prevent-infection/General-guidance
https://www.sst.dk/en/English/Corona-eng/Prevent-infection/General-guidance
https://www.dst.dk/da/Statistik/covid-19-hurtige-indikatorer
https://www.dst.dk/da/Statistik/covid-19-hurtige-indikatorer


Page 11 of 11Fogh et al. BMC Infectious Diseases          (2022) 22:143 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

workflow process for providing translational research informatics sup‑
port. J Biomed Inform. 2009;42(2):377–81.

	18.	 CTK Biotech inc. OnSite COVID-19 IgG/IgM rapid test. 2020. https://​cdn2.​
hubsp​ot.​net/​hubfs/​44181​01/​PI-​R0180C%​20Rev%​20B2.1.​pdf.

	19.	 Lassaunière R, Frische A, Sværke Jørgensen C. Evaluation of nine com‑
mercial SARS-CoV-2 immunoassays. medRxiv, preprint version. 2020.

	20.	 Harritshøj LH, Gybel-Brask M, Afzal S, Kamstrup PR, Jørgensen CS, Thom‑
sen MK, et al. Comparison of 16 serological SARS-CoV-2 immunoassays in 
16 clinical laboratories. J Clin Microbiol. 2021;59(5):e02596-20.

	21.	 Team RC. R: a language and eviroment for statistical computing. 2016. 
https://​www.​gbif.​org/​tool/​81287/r-​a-​langu​age-​and-​envir​onment-​for-​stati​
stical-​compu​ting.

	22.	 Pedersen OB, Nissen J, Dinh KM, Schwinn M, Kaspersen KA, Boldsen JK, 
et al. SARS-CoV-2 infection fatality rate among elderly retired Danish 
blood donors—a cross-sectional study. Clin Infect Dis. 2020;73:e2962–9.

	23.	 Laursen J, Petersen J, Didriksen M, Iversen K, Ullum H. Prevalence of SARS-
CoV-2 IgG/IgM antibodies among Danish and Swedish Falck emergency 
and non-emergency healthcare workers. Int J Environ Res Public Health. 
2021;18(3):923.

	24.	 Stringhini S, Wisniak A, Piumatti G, Azman AS, Lauer SA, Baysson H, 
et al. Seroprevalence of anti-SARS-CoV-2 IgG antibodies in Geneva, 
Switzerland (SEROCoV-POP): a population-based study. Lancet. 
2020;396(10247):313–9.

	25.	 Roederer T, Mollo B, Vincent C, Nikolay B, Llosa AE, Nesbitt R, et al. 
Seroprevalence and risk factors of exposure to COVID-19 in homeless 
people in Paris, France: a cross-sectional study. Lancet Public Health. 
2021;6(4):e202–9.

	26.	 Niedzwiedz CL, O’Donnell CA, Jani BD, Demou E, Ho FK, Celis-Morales 
C, et al. Ethnic and socioeconomic differences in SARS-CoV-2 infection: 
prospective cohort study using UK Biobank. BMC Med. 2020;18(1):160.

	27.	 Lyngse FP, Kirkeby CT, Halasa T, Andreasen V, Skov RL, Møller FT, et al. 
COVID-19 transmission within danish households: a nationwide study 
from lockdown to reopening. medRxiv. 2020:2020.09.09.20191239.

	28.	 Wajnberg A, Amanat F, Firpo A, Altman DR, Bailey MJ, Mansour M, et al. 
Robust neutralizing antibodies to SARS-CoV-2 infection persist for 
months. Science. 2020;370(6521):1227–30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://cdn2.hubspot.net/hubfs/4418101/PI-R0180C%20Rev%20B2.1.pdf
https://cdn2.hubspot.net/hubfs/4418101/PI-R0180C%20Rev%20B2.1.pdf
https://www.gbif.org/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.gbif.org/tool/81287/r-a-language-and-environment-for-statistical-computing

	Seroprevalence of SARS-CoV-2 antibodies in social housing areas in Denmark
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and participation
	Questionnaire
	Detection of SARS CoV-2 antibodies
	SARS-CoV-2 antibody levels in the general population
	Primary outcome
	Statistical analysis

	Results
	Characteristics
	Seroprevalence
	Risk factors of infection
	Adherence to the general COVID-19 recommendations from the Danish authorities

	Discussion
	Ethnicity
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


