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ABSTRACT The aim of this study was to provide information about immunity against
COVID-19 along with risk factors and behavior among employees in day care facilities
and preschools (DCS) in Denmark. In collaboration with the Danish Union of Pedagogues,
during February and March 2021, 47,810 members were offered a point-of-care rapid
SARS-CoV-2 antibody test (POCT) at work and were invited to fill in an electronic ques-
tionnaire covering COVID-19 exposure. Seroprevalence data from Danish blood donors
(total Ig enzyme-linked immunosorbent assay [ELISA]) were used as a proxy for the
Danish population. A total of 21,018 (45%) DCS employees completed the questionnaire
and reported their POCT result {median age, 44.3 years (interquartile range [IQR], [32.7 to
53.6]); females, 84.1%}, of which 20,267 (96.4%) were unvaccinated and included in analy-
sis. A total of 1,857 (9.2%) participants tested seropositive, significantly higher than a
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seroprevalence at 7.6% (risk ratio [RR], 1.2; 95% confidence interval [CI], 1.14 to 1.27)
among 40,541 healthy blood donors (median age, 42 years [IQR, 28 to 53]; males,
51.3%). Exposure at work (RR, 2.9; 95% CI, 2.3 to 3.6) was less of a risk factor than expo-
sure within the household (RR, 12.7; 95% CI, 10.2 to 15.8). Less than 25% of participants
reported wearing face protection at work. Most of the participants expressed some
degree of fear of contracting COVID-19 both at work and outside work. SARS-CoV-2
seroprevalence was slightly higher in DCS staff than in blood donors, but possible expo-
sure at home was associated with a higher risk than at work. DCS staff expressed fear
of contracting COVID-19, though there was limited use of face protection at work.

IMPORTANCE Identifying at-risk groups and evaluating preventive interventions in at-risk
groups is imperative for the ongoing pandemic as well as for the control of future epi-
demics. Although DCS staff have a much higher risk of being infected within their own
household than at their workplace, most are fearful of being infected with COVID-19 or
bringing COVID-19 to work. This represents an interesting dilemma and an important
issue which should be addressed by public health authorities for risk communication and
pandemic planning. This study design can be used in a strategy for ongoing surveillance
of COVID-19 immunity or other infections in the population. The findings of this study
can be used to assess the need for future preventive interventions in DCS, such as the
use of personal protective equipment.

KEYWORDS surveillance study, seroprevalence, day care facilities, kindergarten, school,
staff, employee, SARS-CoV-2, COVID-19, antibodies, point-of-care test

On 11 March 2020, COVID-19 was declared a pandemic (1). To prevent the spread of
SARS-CoV-2 and ultimately COVID-19, a number of national preventive measures were

implemented involving social distancing, increased hygiene, and closure of workplaces (2),
including closure of day care facilities (nurseries or kindergartens) and preschools in
Denmark (3, 4). This study was done in a period where the society was partially closed, with
public gathering restrictions, mandatory use of face masks, and PCR and antigen tests (5).
On 27 December 2020, the first COVID-19 vaccines were administered to selected groups.
As part of the COVID-19 pandemic management and preventive measures, a complete lock-
down of DCS was implemented in Denmark during the first surge (March to May 2020), as
children were assumed to play a central role in the spread of SARS-CoV-2 (6). During the
second surge (September to December 2020), only schools were closed. From 8 February
2021, preschools were reopened, as children in these age groups were thought to have the
least impact on the spread of infection, and returning to school was found crucial for their
well-being and academic success (7). Due to educational considerations regarding children's
capacity to watch and understand staff members' facial expressions, DCS employees were
permitted to use face shields but were not required to use face masks (8).

Evaluation of the effect of these interventions is important for establishment of mit-
igation strategies in future pandemics. Workplaces are potential sources of SARS-CoV-2
exposure (9). So far, no increased risk of infection in day care facilities and preschools
(DCS) has been found compared to the risk in public or private settings, although chil-
dren exhibit fewer symptoms, which may facilitate virus spread (10). In a recent sys-
tematic review of 40 studies, children were found to transmit SARS-CoV-2 infection at a
higher rate to adults than to other children, and adults in the household were at the
highest risk of transmission from an infected child (11). Household studies from
Denmark have further highlighted the household as an important arena of transmis-
sion, including transmission from children under 5 years of age to adult household
members (12, 13). However, DCS may still pose a risk of transmission from children to
adult, and only a few studies, including a small number of cases, have investigated the
risk of infection among staff in DCS (14–16).

This study provides information about infection and immunity to COVID-19 among
employees working in DCS in Denmark as part of the national large-scale epidemiological
surveillance study, Testing Denmark (17). We used a point-of-care rapid antibody test
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(POCT), identifying previous infection by detecting IgM or IgG against the virus spike pro-
tein, allowing an estimate of the seroprevalence along with risk factors and behavior
among DCS staff.

RESULTS
Baseline characteristics of the study cohort. During February and March 2021,

47,810 DCS employees in Denmark were invited to participate. A total of 21,350 (45%)
DCS employees were included and answered the questionnaire, of whom 21,018 (98%)
provided their POCT result (Fig. 1). A total of 751 participants were excluded due to prior
reported COVID-19 vaccination, and 110 participants were excluded due to inconclusive
test results. Baseline characteristics of unvaccinated participants who completed the
questionnaire are presented in Table 1. Included participants had a median age of

FIG 1 CONSORT diagram.

TABLE 1 Baseline characteristics of the study cohort on age, sex, BMI, smoking, alcohol use, education level, and place of work stratified by
seropositivity among 20,267 unvaccinated participantsb

Characteristic

Data for patients who were:

P valueSeronegative Seropositive Total
No. of patients 18,410 1,857 20,267
Female (no. [%]) 15,342 (84.4) 1,496 (81.4) 16,838 (84.1) 0.002
Male (no. [%]) 2,828 (15.6) 341 (18.6) 3,169 (15.8)
Age (median [IQR]) 44.4 [32.8, 53.7] 43.9 [31.6, 52.7] 44.3 [32.7, 53.6] 0.024
Body mass index (median [IQR]) 25.3 [22.6, 29.1] 25.3 [22.8, 29.4] 25.3 [22.7, 29.1] 0.155
Ever smoker (no. [%]) 3,595 (19.5) 279 (15.0) 3,874 (19.1) ,0.001
Ever use of alcohol (no. [%])a 15,322 (83.7) 1,656 (80.6) 16,978 (83.8) 0.004
Previously positive PCR test (no. [%]) 736 (4.3) 1,066 (61.1) 1802 (8.9) ,0.001

Education (no. [%]) 0.005
No formal education 191 (1.0) 15 (0.8) 206 (1.0)
Primary education 663 (3.6) 63 (3.4) 726 (3.6)
Secondary education (youth education) 1,889 (10.3) 233 (12.7) 2,122 (10.5)
Vocational training or short-/medium-term higher education 13,316 (72.7) 1,329 (72.3) 14,645 (72.7)
Long-term higher education 2,078 (11.4) 191 (10.4) 2,269 (11.3)

Place of work in Denmark ,0.001
Capital region of Denmark 5,152 (28.2) 713 (38.6) 5,865 (29.1)

Region Zealand 2,178 (11.9) 248 (13.4) 2,426 (12.0)
Southern Denmark 3,588 (19.6) 286 (15.5) 3,874 (19.2)

Central Denmark 5,769 (31.5) 474 (25.7) 6,243 (31.0)
Northern region of Denmark 1,614 (8.8) 126 (6.8) 1.740 (8.6)
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44.3 years and were more often females (84.1%). Participants were enrolled from all five
regions in Denmark (Table 1).

A total of 9.2% of participants tested seropositive, with 7.6% positive for IgG anti-
bodies, 3.4% positive for IgM, as well as 1.9% positive for both IgG and IgM antibodies
(Table 2). Seropositive participants had a slightly but significantly younger median age
of 43.9 years (P = 0.02) and were more likely to be male 18.6% (P = 0.002) than sero-
negative patients. Furthermore, seropositivity was significantly associated with the
geographical location of workplace (Table 1), with seropositive participants more likely
to work in the eastern part of Denmark (the capital region and region Zealand).

Seroprevalence in the group of Danish blood donors (n = 40,541) determined dur-
ing the same period was 7.6% {median age, 42 years (interquartile range [IQR], 28 to
53); males, 51.3%}. The seroprevalence of 9.2% in DCS was higher than in blood donors
(risk ratio [RR], 1.2; 95% confidence interval [CI], 1.14 to 1.27) during the same period.

It should be noted again that different assays were used, as POCT was used in this
study, and enzyme-linked immunosorbent assay (ELISA) was used in the blood donors
mentioned, so an RR of 1.2 is modest.

Risk factors. Figure 2 shows that reporting any kind of exposure to COVID-19 was a
risk factor for seropositivity compared to individuals who answered “no” to all categories
of exposure in the questionnaire. Being exposed to COVID-19 by a household member
was associated with the highest risk (RR, 12.7; 95% CI, 10.2 to 15.8) compared to nonex-
posed individuals. Physical contact with a person with COVID-19 was also associated with
a high risk of seropositivity (RR, 6.5; 95% CI, 5.2 to 8.1). as was 15 min of close contact with
a person positive for SARS-CoV-2 (RR, 5.0; 95% CI, 4.0 to 6.2). Exposure through work and
exposure to a family member was associated with a similar level of risk (RR, 2.9; 95% CI, 2.3
to 3.6, and RR, 3.1; 95% CI, 2.5 to 3.9, respectively). The size of households varied from one
to six people, but no observed significant association between household size and seropo-
sitivity was found (P = 0.74). Finally, seropositive DCS staff members were less likely to con-
sume alcohol (P = 0.004) and smoke (P, 0.001) than seronegative members (Table 1).

Type of employment and working place. No significant difference in serostatus
was found when stratifying by job category (P = 0.12) or type of workplace (P = 0.05)
(Tables 2 and 3). The job category with the largest proportion of seropositive individu-
als was staff who were not directly involved with taking care of children (11.8%), and
the seroprevalence (9.8%) was highest for participants working in day care nurseries
for infants or small children, but none of these findings were statistically significant.

Use of personal protective equipment against COVID-19 at work.Most DCS staff
reported use of protective measures at work (Fig. 3), especially frequent handwashing
(96%, n = 19,449), though less than 25% reported wearing a face mask or face shield at
work. No significant difference in serostatus was observed between individuals specify-
ing the use of the different individual protective measures. A significant association
was, however, found between serostatus and answering “yes” to not using any of the
protective measures inquired upon against COVID-19 at work (P = 0.001). This was
reported by 2.8% of the seropositive and 1.7% of seronegative DCS employees.

Fear of COVID-19 infection. Contracting COVID-19 was a concern among most of
the study cohort (Fig. 4). A total of 91.4% (n = 17,439) of DCS staff feared contracting

TABLE 2 Characteristics of the study cohort based on type of employment

Characteristic

Data for:

P valueTeachers
Assistants
to teacher Managers

Nonteaching
personnel

Substitute/temporary
employees Other Total

No. of participants 10,768 4,572 1,819 357 565 2,179 20,267
Seropositive (no. [%]) 960 (8.9) 455 (10.0) 162 (8.9) 42 (11.8) 55 (9.7) 182 (8.4) 1,857 (9.2) 0.151
IgM (no. [%]) 366 (3.4) 175 (3.8) 61 (3.4) 14 (3.9) 20 (3.5) 61 (2.8) 697 (3.4) 0.497
IgG (no. [%]) 797 (7.4) 376 (8.2) 138 (7.6) 33 (9.2) 46 (8.1) 157 (7.2) 1,548 (7.6) 0.468
IgM and IgG (no. [%]) 203 (1.9) 96 (2.1) 37 (2.0) 5 (1.4) 11 (1.9) 36 (1.7) 388 (1.9) 0.872
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infection at work, 90.0% (n = 17,173) of staff feared contracting infection outside work,
92.5% (n = 17,640) feared transmission of infection from workplace to household, and
88.5% (n = 16,892) feared transmission of infection from household to workplace. The
proportion of worried individuals in the seronegative group was significantly larger
than the proportion within the seropositive group, as shown in Table 4 and Fig. 4. For
example, 15,956 (92.0%) of the seronegative individuals and 1,483 (85.9%) of the sero-
positive individuals were worried about contracting COVID-19 at work (P, 0.001).

DISCUSSION

In this nationwide, cross-sectional study of 21,018 DCS staff members, we found that
the seroprevalence among DCS staff members (9.2%) was significantly higher than
among blood donors (7.6%) in the same period. Less than 25% of staff members wore

TABLE 3 Frequencies of seropositivity stratified according to workplace

Characteristic

Data for patients at workplace:

Day nursery for
infants/small
children Kindergarten

Combined
daycare
center

Before and
after school
care School

Special within
public daycare
facility

Special within
public school
facility Other P value

No. of participants 2,881 4,503 5,549 2,121 2,066 524 1,042 987
Seropositive
(no. [%])

281 (9.8) 373 (8.3) 522 (9.4) 192 (9.1) 186 (9.0) 47 (9.0) 87 (8.3) 94 (9.5) 0.051

IgM (no. [%]) 108 (3.7) 144 (3.2) 204 (3.7) 65 (3.1) 64 (3.1) 22 (4.2) 33 (3.2) 34 (3.4) 0.685
IgG (no. [%]) 240 (8.3) 306 (6.8) 433 (7.8) 166 (7.8) 159 (7.7) 37 (7.1) 72 (6.9) 75 (7.6) 0.113
IgM and IgG
(no. [%])

67 (2.3) 77 (1.7) 115 (2.1) 39 (1.8) 37 (1.8) 12 (2.3) 18 (1.7) 15 (1.5) 0.537

FIG 2 Risk factors stratified by seropositivity among 20,267 unvaccinated participants.
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face masks or face shields at work. Exposure at work was less of a risk factor than expo-
sure within the household. A fear of contracting COVID-19 was frequently reported by
DCS staff members, especially among seronegative participants.

In comparison to the above-mentioned seroprevalences, the March 2021 results of
the Danish national seroprevalence study, where 10,631 randomly selected Danish resi-
dents above 12 years of age had antibodies measured by use of the Wantai ELISA,
showed a seroprevalence of 7.0% (95% CI, 6.6 to 7.4%) (18).

Workplace and exposure. This study showed an elevated risk among DCS staff, which
is contrary to observations from other studies, where no elevated risk of contracting or
spreading COVID-19 was found for DCS staff (14, 16, 19). A study from Germany (318 chil-
dren, 299 parents, and 233 childcare employees) found DCS staff at higher risk of infection
than children, suggesting that transmission of infection is more common between adults
than between children and adults and that DCS settings are not crucial in driving the SARS-
CoV-2 pandemic (20). Individuals working in DCS will have different job functions that entail
different levels of contact with the children, and it would therefore be expected that seros-
tatus within job categories would reflect this. In our study, no significant difference was
found between job categories or type of workplace and seropositivity, which may suggest
that the spread of infection is not being driven by the children but by some other source.

Behavior and risk factors. Despite a high level of adherence to national recom-
mendations (see Fig. S1 in the supplemental material), no discernible difference was
found between individual protective health measures and serostatus, as seen in earlier
studies (17, 21), but no adherence to all of the measures was significantly associated
with seropositivity. Several studies have reported low usage of face masks in DCS. A

FIG 3 Proportions of participants following public health measures and wearing personal protective equipment at work stratified for serostatus
among 20,267 unvaccinated participants.
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U.S.-based study showed that only 35% of childcare providers reported using face
masks at work (14), while a British study demonstrated a low predicted probability of
51% of education workers wearing face coverings during close contact (9). In our
study, less than 25% of participants wore face masks at work, while even fewer partici-
pants wore face shields, with a tendency that more seronegative than seropositive par-
ticipants wore face masks. As previously stated, DCS employees were not required to
wear face masks at work, but they could use face shields if they wished. Small children,
in particular, need to see and read facial expressions or body language when in contact
with adults.

FIG 4 Fear of COVID-19 among 19,077 unvaccinated participants. A total of 1,190 did not answer questions concerning fear in the questionnaire.

TABLE 4 Frequencies of fear of COVID-19 among 19,077 unvaccinated participants

Characteristic Levela
Seronegative
(no. [%])

Seropositive
(no. [%]) Total (no. [%]) P

No. 17,350 1,727 19,077
Fear of bringing COVID-19 to work 2 15,404 (88.8) 1,488 (86.2) 16,892 (88.5) 0.001

1 1,946 (11.2) 239 (13.8) 2,185 (11.5)
Fear of contracting COVID-19 at work 2 15,956 (92.0) 1,483 (85.9) 17,439 (91.4) ,0.001

1 1,394 (8.0) 244 (14.1) 1,638 (8.6)
Fear that working poses a risk to family and friends
contracting COVID-19

2 16,077 (92.7) 1,563 (90.5) 17,640 (92.5) 0.001

1 1,273 (7.3) 164 (9.5) 1,437 (7.5)
Fear of contracting COVID-19 outside work 2 15,706 (90.5) 1,467 (84.9) 17,173 (90.0) ,0.001

1 1,644 (9.5) 260 (15.1) 1,904 (10.0)
aLevel 1, no fear; level 2, some degree of fear.
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Face masks were recommended for use in public transportation and grocery stores
at the time of the study. People who use face masks more frequently in society may
also protect themselves more frequently at work and thus are not only seronegative
due to the use of face masks at work but also in general, which reduces the risk of
becoming infected.

All risk factors (exposure types) surveyed were found to be associated with
increased risk of infection. Living in a household with a SARS-CoV-2-infected person
increased the risk of infection substantially and more so than exposure at work. Several
studies have found that transmission within households plays an important role in
SARS-CoV-2 transmission (17, 22, 23), which is why the household is an area with
potential for prevention. Alcohol consummation and smoking were less likely among
seropositive people. The same pattern was observed in a survey conducted in social
housing areas as part of the Testing Denmark study in January 2021 (22). Seropositivity
increased with age in the social housing survey, and the proposed reason for the lower
likelihood to smoke or consume alcohol if seropositive was related to the fact that
these risk factors are expected to be more prevalent among younger people. In our
study, we found that seropositive participants were younger in age, which means that
age cannot be the reason. A possible explanation for the lower likelihood of smoking
or drinking alcohol if seropositive could be that smokers and alcohol users were less
likely to participate in the study.

Fear of COVID-19 at the workplace. The fear among health care workers (HCWs)
during the COVID-19 pandemic has been described (24) and is innate to health care.
However, fear among DCS staff due to workloads or sudden changes in routine follow-
ing mitigation strategies has not been described during this pandemic. According to
the Canadian EnCORE study, 65% of DCS staff were concerned about contracting
COVID-19 at work (25), and a survey in the United States found 77% of employees
were concerned about contracting COVID-19 at work (14). In comparison, this study
found a much higher percentage of concerned individuals among DCS staff, with
91.4% of them concerned about contracting COVID-19 at work and 92.5% concerned
that work could pose a risk of spreading SARS-CoV-2 to family members and friends.
Frontline HCWs caring for COVID-19 patients are reported to be less fearful about
becoming infected than HCWs working in other units. This perplexing finding could be
linked to a lack of education or communication (24). Concerns about contracting or
spreading COVID-19 among DCS staff at work, even though we found the highest risk
of infection when living in a household with an infected individual, may be related to
suboptimal communication and education from the authorities providing the mitiga-
tion strategies, which could be a focal point in future strategies.

Strength and limitations. This large-scale study had a high participation rate (45%)
and widespread national participation with the possibility of including both low- and
high-seroprevalence DCS during the study period.

The possibility of misclassification bias as participants read the POCT themselves is
one of the study’s limitations, which could result in false-negative or false-positive test
results. Participants with or without prior SARS-CoV-2 infection may be more or less
likely to participate, potentially resulting in sampling bias. Furthermore, seroprevalence
in blood donors is determined using an ELISA, whereas seroprevalence in this study
was determined using POCT results. Seropositivity may be lower than expected as a
result of the healthy worker effect because blood donors are typically healthier than
the general population. The time delay could potentially be a source of bias since par-
ticipants who were recently infected may not get a positive POCT result due to a lack
of antibodies. Finally, DCS that are not affiliated with the Danish Union of Pedagogues
(BUPL) are deselected, implying that selection bias cannot be ruled out, but as stated
in Materials and Methods, BUPL represents nearly all DCS staff members.

This study design is novel and can be used as a supplemental model in a future
general test strategy for ongoing surveillance of COVID-19 immunity or other infec-
tions in the population. The findings of this study can be used to assess the need for
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future preventive interventions in DCS, such as the use of personal protective
equipment.

Conclusion. SARS-CoV-2 seroprevalence was slightly higher in day care and pre-
school staff than in blood donors in Denmark, but possible exposure at home was
associated with a higher risk than at the place of work. DCS staff, particularly those
who were seronegative, largely expressed fear of contracting COVID-19, though there
was limited use of face masks or face shields at work. The contrast between perceived
fear (being infected at work) and measured risk (being infected in the household) rep-
resents an important issue for risk communication as well as pandemic planning.

MATERIALS ANDMETHODS
Study design and participation. In collaboration with the Danish Union of Pedagogues (BUPL), a

nationwide cross-sectional surveillance study among 47,810 union members and employees over the
age of 15 years at DCS was carried out in February and March 2021 as part of the nationwide large-scale
study Testing Denmark (17, 22, 26). Participants from selected DCS were invited to perform an individual
POCT at work, identifying previous infection by detecting IgM and/or IgG antibodies and responding to
an electronic questionnaire in the Research Electronic Data Capture database (REDCap). Employees affili-
ated with BUPL represent both municipal, self-governing, small, or large DCS and work with children
aged 0 to 10 years old. In Denmark, 60,136 individuals are working in DCS (27), and approximately
60.000 are members of the BUPL (28).

Invitation letters and test material (POCT, a small container of detection buffer, capillary tubes, and
finger prickers) were sent to DCS members in Denmark.

The POCT (CTK Biotech inc., Poway, CA, USA) was performed as a self-test and read by participants
individually. POCT sensitivity and specificity were reported to be 96.9% (95% CI, 96.7 to 98.5%) and
99.4% (95% CI, 97.8 to 99.8%) by the manufacturer, respectively (29). A comparative study (cases, 30
people; controls, 10) revealed a slightly lower sensitivity of 90.0% and a 100% specificity (30). A study of
129 nonhospitalized versus 31 hospitalized SARS-CoV-2 patients revealed that the Wantai assay had a
sensitivity of 96.7 (95% CI, 92.4 to 98.6) and a specificity of 99.5 (95% CI, 98.7 to 99.8) (31).

A call center was established for participants to contact if they had any questions. The project home-
page (www.vitesterdanmark.dk) included information about the project as well as detailed information
about the test procedure in Danish.

The questionnaire included questions about risk factors, symptoms, household members, employ-
ment, and behavior according to recommendations from the Danish Health Authority (see Fig. S1 in the
supplemental material).

As a proxy for the general Danish population, we obtained access to data on seroprevalence in the
same period from a convenience sample of unvaccinated Danish blood donors (SARS-CoV-2 total Ig
ELISA; Wantai Biological Pharmacy Enterprise, Co, Ltd.), with a median age of 42 years, and 51.3% were
male (31, 32).

Outcome measures. The outcome was to provide an estimate of the seroprevalence of antibodies
against SARS-CoV-2 as a proxy for previous infection among staff in DCS.

Approvals, ethics, and registrations. Under the authority task of the Danish national infectious dis-
ease control institute, Statens Serum Institut (SSI), the study was carried out as a national surveillance
study, which does not require approval from an ethics committee according to Danish law. The study
followed the Helsinki II declaration and was registered with the Danish Data Protection Authorities
(P-2020-901), which declared that all personal data obtained in REDCap were kept in compliance with
the general data protection regulation and data protection law. The information was self-reported, and
participation was voluntary. The invitation letter included information on the invitees’ legal rights as
well as information about the intended usage of their data.

Statistical analyses. Participants were categorized as seropositive if they reported being positive for
IgG and/or IgM antibodies on POCT. Inconclusive test results (no control line appeared, or the reading
chamber was discolored by blood) were excluded, as participants had the possibility of repeating the
test. A small number of participants specified that they were vaccinated against SARS-CoV-2, which
would give them antibodies against the spike protein and results in a positive POCT result without them
having been infected. Individuals stating that they had received SARS-CoV-2 vaccination were excluded
from analysis. Individuals were also excluded from analysis of questionnaire questions that they had not
answered.

Baseline characteristics of the cohort are presented as numbers (percent) for factors and medians
(IQRs) for numeric variables, as appropriate. The Wilcoxon rank-sum test and chi-square test were used
for comparisons of groups for continuous and categorical values, respectively.

Risk factors of seropositivity were explored by calculation of crude risk ratio (RR) with 95% confi-
dence intervals (95% CI) and tested for significant differences using Fisher’s exact test. When assessing
the risk of seropositive POCT results associated with different COVID-19 exposure categories, the risk
within each individual exposure category was compared to the risk within the group of individuals spec-
ifying no exposure from any of the categories. Body mass index (BMI) was calculated from self-reported
height and weight. Self-reported zip codes for working place were grouped according to the five Danish
regions. Participants who self-registered as either “day care assistant” or “helper” were grouped into
“teacher’s assistant.” The questionnaire answers, “do not know” and “not relevant,” were classified as
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“NA.” P values of ,0.05 were considered statistically significant. Data management, statistical analyses,
and figures were performed and created using R version 3.6.1 (www.r-project.org).

Data availability. The data sets used and analyzed during the current study are available from corre-
sponding author on reasonable request. The data are not publicly available due to Danish regulation.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.1 MB.

ACKNOWLEDGMENTS
We thank everyone who participated in this study. We also thank BUPL for their

assistance in sending out test kit material.
We declare no potential conflict of interest with respect to the research, authorship,

and/or publication of this article.
This study was supported by Trygfonden (152144) and Helsefonden (20-A-0124)

grants. The funders did not influence study design, conducting, or reporting. The Union
of Pedagogues (BUPL) grants covered POCT shipping as well as the call center. BUPL did
influence the study design but not conducting or reporting.

The study was designed and initiated by K.F. and K.I. Statistical analysis and
visualization were done by: K.F., A.R.R.E., and T.G.L. K.F., A.R.R.E., T.G.L., R.B.H., and K.I. had
full access to the data. The first draft was written by K.F., A.R.R.E., T.G.L., H.B., and K.I. All
authors have critically revised the manuscript. All authors took part in conceptualization,
interpretation, and discussion of results; agree to be accountable for all aspects of the
work; and approved the final version of the manuscript.

REFERENCES
1. World Health Organization. 2020. Coronavirus disease (COVID-19) pandemic.

https://www.who.int/emergencies/diseases/novel-coronavirus-2019. Retrieved
08 June 2022.

2. The Danish Health Authority. 2020. COVID-19 in Denmark. https://www
.sst.dk/-/media/Nyheder/2020/COVID-19-i-Danmark_-Epidemiens-foerste
-boelge_-Status-og-Strategi_-Version-23_-marts-2020.ashx. Retrieved 12
September 2022.

3. The Danish Health Authority. 2021. General guidance. https://www.sst.dk/
en/English/Corona-eng/Prevent-infection/General-guidance. Retrieved 08
June 2022.

4. TheDanish Health Authority. 2021. Håndtering af smittemed COVID-19 i dagtil-
bud. https://www.sst.dk/-/media/Udgivelser/2021/Corona/Genaabning/Skoler/
Haandtering-af-smitte-med-COVID-19-i-dagtilbud.ashx?la=da%26hash=
04A7A132C550D3D4CB64AABB83DFDD3273CD19E2. Retrieved 08 June 2022.

5. The Danish Health Authority. 2021. Skærpet forsamlingsforbud og øvrige
tiltag for at imødegå cluster B.1.1.7. https://sum.dk/nyheder/2021/januar/
0501-skaerpet-forsamlingsforbud-og-oevrige-tiltag-for-at-imoedegaa-cluster
-b117. Retrieved 12 September 2022.

6. Viden til Velfærd (VIVE). 2020. DNF-oAfV. Genåbning af børnehaver efter
coronavirus/COVID19. https://www.vive.dk/media/pure/15138/4423870.
Retrieved 24 May 2022.

7. The Danish Health Authority. 2021. Genoptagelse af undervisning ved fysisk
fremmøde for elever i 0.-4. klasse. https://sum.dk/nyheder/2021/februar/
genoptagelse-af-undervisning-ved-fysisk-fremmoede-for-elever-i-0-4-klasse.
Retrieved 12 September 2022.

8. BUPL. 2020. Ingen krav ommundbind: men pædagogermå bære visir. https://
bupl.dk/boern-unge/nyheder/ingen-krav-om-mundbind-men-paedagoger
-maa-baere-visir. Retrieved 12 September 2022.

9. Beale S, Hoskins S, Byrne T, Fong WLE, Fragaszy E, Geismar C, Kovar J,
Navaratnam AMD, Nguyen V, Patel P, Yavlinsky A, Johnson AM, Van
Tongeren M, Aldridge RW, Hayward A, Virus Watch Collaborative. 2022.
Workplace contact patterns in England during the COVID-19 pandemic:
analysis of the Virus Watch prospective cohort study. Lancet Reg Health
Eur 16:100352. https://doi.org/10.1016/j.lanepe.2022.100352.

10. Castagnoli R, Votto M, Licari A, Brambilla I, Bruno R, Perlini S, Rovida F,
Baldanti F, Marseglia GL. 2020. Severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection in children and adolescents: a systematic
review. JAMA Pediatr 174:882–889. https://doi.org/10.1001/jamapediatrics
.2020.1467.

11. Silverberg SL, Zhang BY, Li SNJ, Burgert C, Shulha HP, Kitchin V, Sauvé L,
Sadarangani M. 2022. Child transmission of SARS-CoV-2: a systematic
review and meta-analysis. BMC Pediatr 22:172. https://doi.org/10.1186/
s12887-022-03175-8.

12. Lyngse FP, Kirkeby C, Halasa T, Andreasen V, Skov RL, Møller FT, Krause
TG, Mølbak K. 2022. Nationwide study on SARS-CoV-2 transmission within
households from lockdown to reopening, Denmark, 27 February 2020 to
1 August 2020. Euro Surveill 27:2001800. https://doi.org/10.2807/1560
-7917.ES.2022.27.6.2001800.

13. Munch PK, Espenhain L, Hansen CH, Müller L, Krause TG, Ethelberg S.
2021. Societal activities associated with SARS-CoV-2 infection: a case-con-
trol study in Denmark, November 2020. Epidemiol Infect 150:e9. https://
doi.org/10.1017/S0950268821002478.

14. Gilliam WS, Malik AA, Shafiq M, Klotz M, Reyes C, Humphries JE, Murray T,
Elharake JA, Wilkinson D, Omer SB. 2021. COVID-19 transmission in US child
care programs. Pediatrics 147:e2020031971. https://doi.org/10.1542/peds
.2020-031971.

15. Lopez AS, Hill M, Antezano J, Vilven D, Rutner T, Bogdanow L, Claflin C,
Kracalik IT, Fields VL, Dunn A, Tate JE, Kirking HL, Kiphibane T, Risk I, Tran CH.
2020. Transmission dynamics of COVID-19 outbreaks associated with child
care facilities—Salt Lake City, Utah, April-July 2020. MMWR Morb Mortal
Wkly Rep 69:1319–1323. https://doi.org/10.15585/mmwr.mm6937e3.

16. Ludvigsson JF. 2021. Open schools, Covid-19, and child and teacher morbidity
in Sweden. N Engl J Med 384:e66. https://doi.org/10.1056/NEJMc2101280.

17. Fogh K, Strange JE, Scharff BFSS, Eriksen ARR, Hasselbalch RB, Bundgaard
H, Nielsen SD, Jørgensen CS, Erikstrup C, Norsk J, Nielsen PB, Kristensen
JH, Østergaard L, Ellermann-Eriksen S, Andersen B, Nielsen H, Johansen IS,
Wiese L, Simonsen L, Fischer TK, Folke F, Lippert F, Ostrowski SR, Benfield
T, Mølbak K, Ethelberg S, Koch A, Sönksen UW, Vangsted A-M, Krause TG,
Fomsgaard A, Ullum H, Skov R, Iversen K. 2021. Testing Denmark: a Danish
nationwide surveillance study of COVID-19. Microbiol Spectr 9:e0133021.
https://doi.org/10.1128/Spectrum.01330-21.

18. Espenhain L, Tribler S, Sværke Jørgensen C, Holm Hansen C, Wolff
Sönksen U, Ethelberg S. 2021. Prevalence of SARS-CoV-2 antibodies in
Denmark: nationwide, population-based seroepidemiological study. Eur J
Epidemiol 36:715–725. https://doi.org/10.1007/s10654-021-00796-8.

19. Lachassinne E, de Pontual L, Caseris M, Lorrot M, Guilluy C, Naud A,
Dommergues M-A, Pinquier D, Wannepain E, Hausherr E, Jung C, Gajdos
V, Cohen R, Zahar J-R, Brichler S, Basmaci R, Boelle P-Y, Bloch-Queyrat C,

SARS-CoV-2 Antibodies and Risk Factors in Staff Microbiology Spectrum

January/February 2023 Volume 11 Issue 1 10.1128/spectrum.04174-22 10

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

05
 J

ul
y 

20
23

 b
y 

13
0.

22
5.

24
7.

89
.

http://www.r-project.org
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.sst.dk/-/media/Nyheder/2020/COVID-19-i-Danmark_-Epidemiens-foerste-boelge_-Status-og-Strategi_-Version-23_-marts-2020.ashx
https://www.sst.dk/-/media/Nyheder/2020/COVID-19-i-Danmark_-Epidemiens-foerste-boelge_-Status-og-Strategi_-Version-23_-marts-2020.ashx
https://www.sst.dk/-/media/Nyheder/2020/COVID-19-i-Danmark_-Epidemiens-foerste-boelge_-Status-og-Strategi_-Version-23_-marts-2020.ashx
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.sst.dk/-/media/Udgivelser/2021/Corona/Genaabning/Skoler/Haandtering-af-smitte-med-COVID-19-i-dagtilbud.ashx?la=da%26hash=04A7A132C550D3D4CB64AABB83DFDD3273CD19E2
https://www.sst.dk/-/media/Udgivelser/2021/Corona/Genaabning/Skoler/Haandtering-af-smitte-med-COVID-19-i-dagtilbud.ashx?la=da%26hash=04A7A132C550D3D4CB64AABB83DFDD3273CD19E2
https://www.sst.dk/-/media/Udgivelser/2021/Corona/Genaabning/Skoler/Haandtering-af-smitte-med-COVID-19-i-dagtilbud.ashx?la=da%26hash=04A7A132C550D3D4CB64AABB83DFDD3273CD19E2
https://sum.dk/nyheder/2021/januar/0501-skaerpet-forsamlingsforbud-og-oevrige-tiltag-for-at-imoedegaa-cluster-b117
https://sum.dk/nyheder/2021/januar/0501-skaerpet-forsamlingsforbud-og-oevrige-tiltag-for-at-imoedegaa-cluster-b117
https://sum.dk/nyheder/2021/januar/0501-skaerpet-forsamlingsforbud-og-oevrige-tiltag-for-at-imoedegaa-cluster-b117
https://www.vive.dk/media/pure/15138/4423870
https://sum.dk/nyheder/2021/februar/genoptagelse-af-undervisning-ved-fysisk-fremmoede-for-elever-i-0-4-klasse
https://sum.dk/nyheder/2021/februar/genoptagelse-af-undervisning-ved-fysisk-fremmoede-for-elever-i-0-4-klasse
https://bupl.dk/boern-unge/nyheder/ingen-krav-om-mundbind-men-paedagoger-maa-baere-visir
https://bupl.dk/boern-unge/nyheder/ingen-krav-om-mundbind-men-paedagoger-maa-baere-visir
https://bupl.dk/boern-unge/nyheder/ingen-krav-om-mundbind-men-paedagoger-maa-baere-visir
https://doi.org/10.1016/j.lanepe.2022.100352
https://doi.org/10.1001/jamapediatrics.2020.1467
https://doi.org/10.1001/jamapediatrics.2020.1467
https://doi.org/10.1186/s12887-022-03175-8
https://doi.org/10.1186/s12887-022-03175-8
https://doi.org/10.2807/1560-7917.ES.2022.27.6.2001800
https://doi.org/10.2807/1560-7917.ES.2022.27.6.2001800
https://doi.org/10.1017/S0950268821002478
https://doi.org/10.1017/S0950268821002478
https://doi.org/10.1542/peds.2020-031971
https://doi.org/10.1542/peds.2020-031971
https://doi.org/10.15585/mmwr.mm6937e3
https://doi.org/10.1056/NEJMc2101280
https://doi.org/10.1128/Spectrum.01330-21
https://doi.org/10.1007/s10654-021-00796-8
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.04174-22


Aupiais C, Charbonnier L, Chosidow A, Hentgen V, Lescano O, Mestre N,
Pinto Cardoso G, Masson R, Rabehi B, Romain A-S, Vié Le Sage F,
Vuillaume X. 2021. SARS-CoV-2 transmission among children and staff in
daycare centres during a nationwide lockdown in France: a cross-sec-
tional, multicentre, seroprevalence study. Lancet Child Adolesc Health 5:
256–264. https://doi.org/10.1016/S2352-4642(21)00024-9.

20. Haag L, Blankenburg J, Unrath M, Grabietz J, Kahre E, Galow L, Schneider
J, Dalpke AH, Lück C, Büttner L, Berner R, Armann JP. 2021. Prevalence
and transmission of severe acute respiratory syndrome coronavirus type
2 in childcare facilities: a longitudinal study. J Pediatr 237:136–142.
https://doi.org/10.1016/j.jpeds.2021.07.054.

21. Bundgaard H, Bundgaard JS, Raaschou-Pedersen DET, von Buchwald C,
Todsen T, Norsk JB, Pries-Heje MM, Vissing CR, Nielsen PB, Winsløw UC,
Fogh K, Hasselbalch R, Kristensen JH, Ringgaard A, Porsborg Andersen M,
Goecke NB, Trebbien R, Skovgaard K, Benfield T, Ullum H, Torp-Pedersen
C, Iversen K. 2021. Effectiveness of adding a mask recommendation to
other public health measures to prevent SARS-CoV-2 infection in Danish
mask wearers: a randomized controlled trial. Ann Intern Med 174:
335–343. https://doi.org/10.7326/M20-6817.

22. Fogh K, Eriksen ARR, Hasselbalch RB, Kristensen ES, Bundgaard H, Nielsen
SD, Jørgensen CS, Scharff BFSS, Erikstrup C, Sækmose SG, Holm DK,
Aagaard B, Norsk J, Nielsen PB, Kristensen JH, Østergaard L, Ellermann-
Eriksen S, Andersen B, Nielsen H, Johansen IS, Wiese L, Simonsen L, Fischer
TK, Folke F, Lippert F, Ostrowski SR, Ethelberg S, Koch A, Vangsted A-M,
Krause TG, Fomsgaard A, Nielsen C, Ullum H, Skov R, Iversen K. 2022. Sero-
prevalence of SARS-CoV-2 antibodies in social housing areas in Denmark.
BMC Infect Dis 22:143. https://doi.org/10.1186/s12879-022-07102-1.

23. Madewell ZJ, Yang Y, Longini IM, Jr., Halloran ME, Dean NE. 2021. Factors
associated with household transmission of SARS-CoV-2: an updated sys-
tematic review and meta-analysis. JAMA Netw Open 4:e2122240. https://
doi.org/10.1001/jamanetworkopen.2021.22240.

24. Cawcutt KA, Starlin R, RuppME. 2020. Fighting fear in healthcare workers dur-
ing the COVID-19 pandemic. Infect Control Hosp Epidemiol 41:1192–1193.
https://doi.org/10.1017/ice.2020.315.

25. The EnCORE study. 2021. EnCORE report-long version. https://drive.google
.com/file/d/1WG6fGvH4KYiGFyKWfeb4oCWHqKwSZu1r/view.

26. Eriksen ARR, Fogh K, Hasselbalch RB, Bundgaard H, Nielsen SD, Jørgensen
CS, Scharff BFSS, Erikstrup C, Sækmose SG, Holm DK, Aagaard B,
Kristensen JH, Bødker CA, Norsk JB, Nielsen PB, Østergaard L, Ellermann-
Eriksen S, Andersen B, Nielsen H, Johansen IS, Wiese L, Simonsen L, K
Fischer T, Folke F, Lippert F, Ostrowski SR, Ethelberg S, Koch A, Vangsted
A-M, Krause T, Fomsgaard A, Nielsen C, Ullum H, Skov R, Iversen K. 2022.
SARS-CoV-2 antibody prevalence among homeless people and shelter
workers in Denmark: a nationwide cross-sectional study. BMC Public
Health 22:1261. https://doi.org/10.1186/s12889-022-13642-7.

27. Statistics Denmark. 2022. Childcare. https://www.dst.dk/en/Statistik/emner/
borgere/husstande-familier-og-boern/boernepasning. Retrieved 12 September
2022.

28. BUPL. 2022. BUPL’s history. https://bupl.dk/om-bupl/bupls-historie. Retrieved
08 June 2022.

29. CTK Biotech, Inc. 2020. OnSite COVID-19 IgG/IgM rapid test. https://cdn2
.hubspot.net/hubfs/4418101/PI-R0180C%20Rev%20B2.1.pdf. Retrieved 08
June 2022.

30. Lassaunière R, Frische A, Jørgensen C. 2020. Evaluation of nine commer-
cial SARS-CoV-2 immunoassays. medRxiv. https://doi.org/10.1101/2020
.04.09.20056325.

31. Harritshøj LH, Gybel-Brask M, Afzal S, Kamstrup PR, Jørgensen CS,
Thomsen MK, Hilsted L, Friis-Hansen L, Szecsi PB, Pedersen L, Nielsen L,
Hansen CB, Garred P, Korsholm T-L, Mikkelsen S, Nielsen KO, Møller BK,
Hansen AT, Iversen KK, Nielsen PB, Hasselbalch RB, Fogh K, Norsk JB,
Kristensen JH, Schønning K, Kirkby NS, Nielsen ACY, Landsy LH, Loftager
M, Holm DK, Nilsson AC, Sækmose SG, Grum-Schwensen B, Aagaard B,
Jensen TG, Nielsen DM, Ullum H, Dessau RB. 2021. Comparison of 16 sero-
logical SARS-CoV-2 immunoassays in 16 clinical laboratories. J Clin Micro-
biol 59:e02596-20. https://doi.org/10.1128/JCM.02596-20.

32. Blod-Donorerne Danmark. 2021. Second wave of coronavirus shows among
blood donors. https://bloddonor.dk/nyheder/#/pressreleases/anden-boelge-af
-coronavirus-viser-sig-blandt-bloddonorer-8-percent-har-nu-dannet-antistoffer
-3071837. Retrieved 08 June 2022.

SARS-CoV-2 Antibodies and Risk Factors in Staff Microbiology Spectrum

January/February 2023 Volume 11 Issue 1 10.1128/spectrum.04174-22 11

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

05
 J

ul
y 

20
23

 b
y 

13
0.

22
5.

24
7.

89
.

https://doi.org/10.1016/S2352-4642(21)00024-9
https://doi.org/10.1016/j.jpeds.2021.07.054
https://doi.org/10.7326/M20-6817
https://doi.org/10.1186/s12879-022-07102-1
https://doi.org/10.1001/jamanetworkopen.2021.22240
https://doi.org/10.1001/jamanetworkopen.2021.22240
https://doi.org/10.1017/ice.2020.315
https://drive.google.com/file/d/1WG6fGvH4KYiGFyKWfeb4oCWHqKwSZu1r/view
https://drive.google.com/file/d/1WG6fGvH4KYiGFyKWfeb4oCWHqKwSZu1r/view
https://doi.org/10.1186/s12889-022-13642-7
https://www.dst.dk/en/Statistik/emner/borgere/husstande-familier-og-boern/boernepasning
https://www.dst.dk/en/Statistik/emner/borgere/husstande-familier-og-boern/boernepasning
https://bupl.dk/om-bupl/bupls-historie
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://doi.org/10.1101/2020.04.09.20056325
https://doi.org/10.1101/2020.04.09.20056325
https://doi.org/10.1128/JCM.02596-20
https://bloddonor.dk/nyheder/#/pressreleases/anden-boelge-af-coronavirus-viser-sig-blandt-bloddonorer-8-percent-har-nu-dannet-antistoffer-3071837
https://bloddonor.dk/nyheder/#/pressreleases/anden-boelge-af-coronavirus-viser-sig-blandt-bloddonorer-8-percent-har-nu-dannet-antistoffer-3071837
https://bloddonor.dk/nyheder/#/pressreleases/anden-boelge-af-coronavirus-viser-sig-blandt-bloddonorer-8-percent-har-nu-dannet-antistoffer-3071837
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.04174-22

	RESULTS
	Baseline characteristics of the study cohort.
	Risk factors.
	Type of employment and working place.
	Use of personal protective equipment against COVID-19 at work.
	Fear of COVID-19 infection.

	DISCUSSION
	Workplace and exposure.
	Behavior and risk factors.
	Fear of COVID-19 at the workplace.
	Strength and limitations.
	Conclusion.

	MATERIALS AND METHODS
	Study design and participation.
	Outcome measures.
	Approvals, ethics, and registrations.
	Statistical analyses.
	Data availability.

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

