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ABSTRACT

Objective To study the association between behavioural
factors and incidence rates of SARS-CoV-2 infection.
Design Case—control web-based questionnaire study.
Setting Questionnaire data were collected in the Capital
Region of Denmark in December 2020 when limited
restrictions were in place, while the number of daily SARS-
CoV-2 cases increased rapidly.

Participants 8913 cases of laboratory-confirmed
SARS-CoV-2 infection were compared with two groups
of controls: (1) 34063 individuals with a negative SARS-
CoV-2 test from the same date (negative controls, NCs)
and 2) 25989 individuals who had never been tested for
a SARS-CoV-2 infection (untested controls, UC). Controls
were matched on sex, age, test date and municipality.
Exposure Activities during the 14 days prior to being
tested positive for SARS-CoV-2 or during the same period
for matched controls and precautions taken during the
entire pandemic.

Main outcomes and measures SARS-CoV-2 infection
incidence rate ratios (IRR).

Results Response rate was 41.4% (n=93121). Using
public transportation, grocery shopping (IRR: NC: 0.52;
UC: 0.63) and outdoor sports activities (NC: 0.75; UC:
0.96) were not associated with increased rate of SARS-
CoV-2 infection. Most precautions, for example, using
hand sanitizer (NC: 0.79; UC: 0.98), physical distancing
(NC: 0.79; UC: 0.82) and avoiding handshakes (NC:

0.74; UC: 0.77), were associated with a lower rate of
infection. Activities associated with many close contacts,
especially indoors, increased rate of infection. Except for
working from home, all types of occupation were linked to
increased rate of infection.

Conclusions In a community setting with moderate
restrictions, activities such as using public transportation

and grocery shopping with the relevant precautions were not
associated with an increased rate of SARS-CoV-2 infection.
Exposures and activities where safety measures are difficult
to maintain might be important risk factors for infection. These
findings may help public health authorities tailor their strategies
for limiting the spread of SARS-CoV-2.

% Thomas Broe Christensen,’
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study had a large sample size of 68 965 Danish
citizens, which provided precision and power to our
findings.

= Using a web-based questionnaire survey enables a
large-scale collection of self-reported data, but data
can be affected by recall and selection bias.

= The confirmed SARS-CoV-2 positive cases were
compared with two different groups of controls,
matched on age, sex, municipality and test date.

= Our results could be very dependent on the stage
of the pandemic at the time and therefore cannot
necessarily be extrapolated to other stages of the
pandemic.

= All of the analyses performed were exploratory, and
no adjustment for multiple testing was made.

BACKGROUND
The rapid global spread of SARS-CoV-2, the
novel virus causing COVID-19,' has created
an unprecedented public health emergency
worldwide. Non-pharmaceutical interven-
tions have played an important role in the
COVID-19 response and are likely to continue
as the key interventions for the predictable
future despite the promising advances in
vaccination programmes. Optimally, these
interventions should be based on evidence
about transmission patterns of SARS-CoV-2.
This evidence could help governments and
public health authorities direct restrictions
against sectors of the society where transmis-
sion of SARS-CoV-2 is high and scale down
restrictions on low-transmission activities.
Viral transmission is influenced by contact
patterns, environmental and socioeconomic
factors.* It can occur everywhere; however,
some settings are more likely to increase the
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risk of transmission due to a mixture of behavioural and
environmental factors.” Increased risk for SARS-CoV-2
transmission is reported in settings where there is close
proximity contact, contact over an extended period of
time or multiple contacts in a confined, poorly ventilated
space.” Evidence suggest that the risk of SARS-CoV-2
transmission is the highest in household settings, and that
living in a multiple occupancy or overcrowded house-
hold elevates the risk of becoming infected.® Working
in healthcare has been associated with increased risk of
SARS-CoV-2 infection.”® Also, specific community settings
have been associated with an increased risk of infection.
The starting point for large SARS-CoV-2 outbreaks has
been identified and linked to hospitality venues such
as restaurants, night clubs and bars.”"" Occupational
settings including factories, warehouses and educa-
tional institutions have also been reported as sites for
SARS-CoV-2 outbreaks.'? However, data about the role of
community-related factors in facilitating transmission are
still limited, despite being critical for designing evidence-
based control measures for SARS-CoV-2 transmission.’
We investigated the association between behavioural
factors and SARS-CoV-2 infection rate by means of a web-
survey-based case—control study conducted in Denmark
during a period of rapidly increasing infection rate.

METHODS

Study design and case definition

We conducted a web-survey-based retrospective case—
control study in the Capital Region of Denmark. We
invited 25000 cases of laboratory-confirmed SARS-CoV-2
infection, tested from 2 November to 13 December 2020.
A confirmed case of SARS-CoV-2 infection was defined by
a positive result on a reverse transcription PCR (RT-PCR)
assay of a specimen collected from the nasopharynx or
oropharynx."”” SARS-CoV-2 positive cases were matched
first with a control group of 100000 cases who had a
negative test performed the same day (denoted negative
controls, NCs) and, second, with a randomly selected
group of 99689 people from the background popula-
tion who had never been tested for SARS-CoV-2 infec-
tion (denoted untested controls, UCs). Controls were
matched on sex, age and municipality, and the UCs were
provided a ‘test date’ corresponding to the matched case.
The overall response was moderate and to allow most
cases to be matched with at least one control we rounded
the matching age by 5 years and the test date by 5 days.
The participants did not receive compensation.

Setting

During the study period of November and December
2020, the official restrictions instituted by the Danish
authorities entailed a curfew for restaurants, cafés and
bars to close at 22:00. Face masks were mandatory indoors
in all public places, including in public transportand retail
stores as well as in restaurants and bars when not sitting
down. Public gatherings were allowed at a maximum of

10 people. Nightclubs were closed. Spectators at sporting
events, concerts and religious services were restricted to
a maximum of 500 people all facing the same direction.
People were asked to practice 1 m physical distancing,
work from home and limit the use of public transport.
Meanwhile, the number of SARS-CoV-2 infected cases in
Denmark increased from 1270 daily cases on 2 November
to 3163 cases on 13 December 2020. The population of
Denrrllgz)lrk consisted of 5837213 individuals by the end of
2020.

Data collection and sources

In December 2020 and January 2021, 224689 partic-
ipants over the age of 18 were asked to complete an
online questionnaire. Participants were invited to partic-
ipate in the web-survey via the secure digital platform,
‘e-Boks’. The e-Boks is a secure national digital post box
used by 92.1% of the Danish adult population by the
second quarter of 2020."* A list of SARS-CoV-2 positive
individuals was obtained from the Danish Microbiology
(MiBa) database, which holds data for all SARS-CoV-2
PCR tests in Denmark, provided by the Danish Health
Data Authority.”” Invitations were sent to participants via
e-Boks between 13 December 2020 and 2 January 2021
together with written project information and a link to
a questionnaire on demographic data, known exposure
to COVID-19, behavioural factors and symptomatology
related to COVID-19. A reminder was sent to the non-
respondents via e-Boks 24-28 days after the invitations
were distributed. The last questionnaire was received
digitally by 25 January 2021. The study was also presented
on Danish national television and shared on several social
media platforms prior to the distribution. The question-
naire was constructed and managed using REDCap elec-
tronic data capture tools hosted by the Capital Region of
Denmark,'®!” and was tested on approximately 60 people
without a healthcare background before distributing, to
ensure that the questions were correctly understood. The
survey data were linked to each participant’s individual
background data obtained from the Danish nation-
wide registries in the research environment of Statistics
Denmark. The linkage was possible by using the partici-
pant’s individual Central Person Register number, which
is assigned to all Danish residents on birth or immigra-
tion.'"” The Danish Civil Registration System was used
to obtain information on age, sex, residency, ethnicity
and household size."® Information regarding house-
hold income and educational level was collected from
the Danish Registers on Personal Income and Transfer
Payments and the Danish Education Registers, respec-
tively.'?

Variables

The relevant time interval for transmission factors was
defined as the period 2 weeks before the date of their
RT-PCR test. The online questionnaire assessed exposure
to known SARS-CoV-2 infected cases, exposure attributes
during contact with the case or cases during the defined
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time interval, travel history, self-reported health, occupa-
tion and demographic variables. Participants were ques-
tioned about their behaviour during the 2 weeks prior to
their RT-PCR test date or, if applicable (UCs), a 2-week
period before a specific date matched to the corre-
sponding case.

Participants were asked about possible community
exposure activities (eg, gatherings with >30 people
indoors/outdoors, eg, in a home/public event/work-
related; grocery shopping; dining at a restaurant or café;
going to a bar, gym, public swimming pool; or using
public transportation) on a 5-point Likert-type scale
ranging from ‘never/less than once a month’ to ‘more
than once per day’. Community activity responses were
dichotomised as never versus one or more times during
the 2 weeks before the date of their RI-PCR test. Precau-
tions to avoid viral transmission taken since 1 March
2020 were assessed and participants were asked to quan-
tify degree of adherence to recommendations such as
wearing a face mask, frequent use of hand sanitizers,
physical distancing, avoiding handshakes, hugs and
social gatherings, with response options ranging from
‘never’ to ‘almost always’. The date of onset and type of
symptoms experienced by the individual, if any, were also
recorded. The translated survey questions are listed in
eText 1 and variables obtained from Statistics Denmark
are listed in online supplemental eTable 1. Some of the
answers are not covered in this publication.

Statistical methods

Categorical variables were summarised by counts and
percentages, while continuous variables were summarised
by medians and quartiles. The nested case—control data
were obtained as described in section ‘Study design and
case definition’ and analysed using Cox regression with
time-dependent exposure and baseline incidence rate
function stratified for age (in 5-year intervals), test date
(in 5-day intervals), sex and municipality via risk set
matching.”' ** The associations between each exposure
separately and the infection rates were reported as inci-
dence rate ratios (IRRs) adjusted for age, sex and munic-
ipality. The models assume that the IRRs were constant
in the study period (proportional hazards assumptions).
All of the analyses performed were exploratory, and no
adjustment for multiple testing was made. IRRs were
reported with their 95%CIs. The analyses were repeated
in subgroups defined by sex, age, educational level,
household size, ethnicity and occupation. The level of
statistical significance was set at 5%. All data management
and statistical analyses were performed using R statistical
software, V.4.0.3.%

The patient and public involvement statement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Invited participants
N = 224,689

l—. .

Consentual respondents
N =93,121
Respondents without
cases infected by a

household member
N =90,417

l—’ .

Matched respondents
N = 68,965
|
' v v

Cases Negative controls Untested controls
N =8,913 N = 34,063 N = 25,989

Excluded:
130,062
Nonrespondents
« 1,506 Without consent

Excluded:
2,704 Cases infected by
a household member

Excluded:
+ 237 Cases without
controls
11,342 Unmatched
negative controls
* 9,873 Unmatched
untested controls

Figure 1 Flowchart describing study participants.

RESULTS

Participant characteristics

A total of 93121 individuals (41.1%) responded to the
survey, of which 11854 (47.4 %) were cases, 45405 (45.4
%) were NCs and 35862 (35.9 %) were UCs.

Among cases, 2704 (22.8%) reported having a member
of their household as the presumed source of infection.
Likely, these cases had not contracted SARS-CoV-2 in the
community setting. Consequently, we decided to exclude
these cases when investigating behavioural risk factors
for SARS-CoV-2 community-related transmission. After
matching, participants consisted of 8942 cases, 34 165
NCs and 26006 UCs (figure 1).

Participants (n=68965, median age 44 years) were
predominantly women (58.9%), of Danish ethnicity
(90.8%), self-employed (35.1%) and lived in a house-
hold of 1-2 individuals (59.1%) (table 1). The baseline
characteristics of respondents and non-respondents are
described in online supplemental eTable 2.

For both cases and NCs, close contact with a SARS-
CoV-2-positive individual was the most common reason
for being tested (cases: 41.3%, NC: 27.3%), while having
COVID-19-associated symptoms was the second-most
common reason (cases: 37.3%, NC: 16.1%). A total of
32.3% of cases reported suspected source of infection as
unknown (table 1).

Figure 2 presents the IRRs for the different exposures
when comparing cases with either NCs or UCs.

Social contacts

Close contact (less than 2 m for more than 30 min) with
a SARS-CoV-2-positive person was associated with the
highest relative rate of testing positive for SARS-CoV-2
(IRR: NC: 2.98; UC: 32.69). Having had some other form
of contact with a SARS-CoV-2-positive person was also
associated with an elevated rate of infection (IRR: NC:
1.75; UC: 13.42). Similarly, we found a high number of
daily contacts to be associated with increased SARS-CoV-2
infection rates, particularly when having more than 50
daily contacts (IRR: NC: 1.24; UC: 1.75). Attending large,
indoor social events with more than 30 or 50 attendees
increased the infections rates. Attending large outdoor
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Table 1 Demographics and SARS-CoV-2 transmission characteristics by survey group

Negative controls  Untested controls Total

Characteristics Cases (n=8913) (n=34063) (n=25989) (n=68965)
Age, median (IQR) 43 (29, 55) 44 (30, 54) 45 (31, 55) 44 (30, 55)
Sex, n (%)
Female 5065 (56.8) 19745 (58.0) 15816 (60.9) 40626 (58.9)
Male 3848 (43.2) 14318 (42.0) 10173 (39.1) 28339 (41.1)
Ethnicity, n (%)
Danish 7640 (85.7) 30334 (89.1) 24668 (94.9) 62642 (90.8)
Other 1273 (14.3) 3729 (10.9) 1321 (5.1) 6323 (9.2)
Household size, n (%)
1-2 persons 5234 (59.7) 19438 (57.8) 16246 (63.0) 40918 (60.0)
3-4 persons 2931 (33.4) 12156 (36.1) 8290 (32.2) 23377 (34.3)
>5 persons 606 (6.9) 2046 (6.1) 1241 (4.8) 3893 (5.7)
Missing 142 423 212 777
Primary employment, n (%)
Student 746 (9.4) 2734 (8.7) 3617 (14.8) 7097 (11.1)
Public employee 1111 (14.0) 4059 (12.9) 2570 (10.5) 7740 (12.1)
Private employee 2545 (32.1) 10210 (32.4) 4848 (19.9) 17603 (27.6)
Self-employed 2739 (34.5) 11352 (36.0) 10127 (41.5) 24218 (37.9)
Non-employed 529 (6.7) 2036 (6.5) 1988 (8.2) 4553 (7.1)
Other 264 (3.3) 1134 (3.6) 1237 (56.1) 2635 (4.1)
Missing 979 2538 1602 5119
Type of occupation, n (%)
Non-employed 847 (10.7) 3132 (10.0) 3999 (16.5) 7978 (12.6)
At home 1470 (18.6) 7673 (24.5) 6858 (28.3) 16001 (25.2)
Own office 601 (7.6) 2477 (7.9) 1916 (7.9) 4994 (7.9)
Shared office 1358 (17.2) 5029 (16.0) 4134 (17.1) 10521 (16.6)
Retail, library and factory work 558 (7.1) 1814 (5.8) 1946 (8.0) 4318 (6.8)
Social care and education 1489 (18.9) 5012 (16.0) 1714 (7.1) 8215 (12.9)
Healthcare sector 746 (9.4) 3098 (9.9) 708 (2.9) 4552 (7.2)
Transport (eg, bus/taxi driver) 63 (0.8) 240 (0.8) 192 (0.8) 495 (0.8)
Qutdoors (eg, gardener) 178 (2.3) 714 (2.3) 792 (3.3) 1684 (2.7)
Other 587 (7.4) 2193 (7.0) 1953 (8.1) 47383 (7.5)
Missing 1016 2681 1777 5474
Contact with SARS-CoV-2 positive, n (%)
None 4025 (48.7) 22320 (68.0) 24166 (94.9) 50511 (75.9)
Other contact 1715 (20.8) 5683 (17.3) 815 (3.2) 8213 (12.3)
Close contact (<2 m, >30min) 2522 (30.5) 4829 (14.7) 477 (1.9) 7828 (11.8)
Missing 651 1231 531 2413
Test reason, n (%)
Symptoms 3323 (40.0) 5471 (16.7)
SARS-CoV-2 contact tracing app 57 (0.7) 1814 (5.5)
Prior to medical treatment 85 (1.0) 1982 (6.0)
Contact with SARS-CoV-2 positive 3678 (44.3) 9288 (28.3)
Work-related test reason 260 (3.1) 2889 (8.8)
Visit high risk person 71 (0.9) 2026 (6.2)
Continued
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Table 1 Continued
Negative controls  Untested controls Total

Characteristics Cases (n=8913) (n=34063) (n=25989) (n=68965)

Travel plans 25 (0.3) 668 (2.0)

Prior to social event 113 (1.4) 2086 (6.4)

Suspected infection 197 (2.4) 1223 (3.7)

Other 489 (5.9) 5382 (16.4)

Missing 615 1234
Presumed source of infection, n (%)

Unknown 2876 (34.8)

Household 0 (0.0)

Family/close friend 2229 (27.0)

Colleague/acquaintance 3152 (38.2)

Missing 656

events increased the rate as well, however, to a lesser
degree.

Behavioral risk factors

Visiting a gym (IRR: NC: 1.26; UC: 1.55) or participating
in indoor sports activities (IRR: NC: 1.16; UC: 1.53) were
associated with an increased rate of testing positive for
SARS-CoV-2. No statistically significantly elevated infec-
tion rate was found for visiting indoor public swimming
pools. Outdoor exercising was associated with a lower
SARS-CoV-2 infection rate (IRR: NC: 0.75; UC: 0.96
(p=0.31)). Bar visits were associated with a higher rate
of testing positive for SARS-CoV-2 than visiting a restau-
rant or café. Neither grocery shopping (IRR: NC: 0.52;
UC: 0.63), use of public transport (bus travel IRR: NC:
0.83; UC: 0.86), train travel: IRR: NC: 0.86; UC: 0.97), nor
travelling by ferry (IRR: NC: 0.77; UC: 0.83) or aeroplane
(IRR: NC: 0.70; UC: 1.23 (p=0.058)) were associated with
increased infection rate.

Precautions taken in order to avoid SARS-CoV-2 infection
Using hand sanitizer (IRR: NC: 0.79; UC: 0.98 (p=0.58),
practising physical distancing (IRR: NC: 0.79; UC: 0.82)
and staying more at home (IRR: NC: 0.75; UC: 0.68) were
all associated with a reduced rate of infection. Avoiding
handshakes, hugs, large crowds and social events were
associated with lower rate of infection. Frequent hand-
washing appeared to be arisk factor for SARS-CoV-2 infec-
tion (IRR: NC: 1.09; UC: 1.30). However, no significantly
increased rates were found in subgroup analysis when
excluding participants in high-risk occupations (IRR: NC:
0.98 (p=0.52); UC: 1.05 (p=0.21)) (healthcare, social care
and education) (online supplemental eTable 3).

Occupational risk factors

Working in healthcare (IRR: NC: 1.22; UC: 7.95), social
care and educational institutions (IRR: NC: 1.50; UC:
6.40) was associated with increased rate of SARS-CoV-2
infection. All types of employment were significantly
associated with a higher rate of infection compared with

being unemployed. Having close contact or some other
form of contact with clients, patients or customers during
work was an additional risk factor.

Demographic risk factors

Living in larger households>5 persons (IRR: NC: 1.15;
UC: 1.84) and having an ethnic background other than
Danish (IRR: NC: 1.34; UC: 3.05) were associated with an
elevated rate of SARS-CoV-2 infection. Household income
and level of education were not significantly related to
infection rate.

Subgroup analyses

When only including the 2704 cases who had reported
a member of their household as the assumed source of
infection, IRRs varied greatly from the estimates found in
the main analysis and were often counterintuitive (online
supplemental eTable 2). These findings support the deci-
sion to exclude the presumed household-infected cases
when investigating risk factors for community transmis-
sion. Additional subgroup analyses are shown in online
supplemental eTables 4-22.

Moreover, the main analysis was repeated adjusted for
wearing a mask, frequent hand washing, as well as both
mask wearing and hand washing (online supplemental
eTables 18-20). The analysis adjusted for handwashing
shows IRR’s almost identical to the main analysis in
figure 2, where the analysis adjusted for wearing a mask
shows multiple of the precautions to be associated with an
increased rate of infection (online supplemental eTables
18-20).

When comparing the symptomatic cases with the symp-
tomatic NGCs, having close contact to a SARS-CoV-2-positive
person (IRR: 8.78), going to the gym (IRR: 1.43), doing
indoor sports (IRR: 1.38), visiting restaurants/cafés (IRR:
1.35), visiting a bar (IRR: 1.66) and attending a large
event (IRR>30 attendees: 1.91 and IRR>50 attendees:
2.13) were all associated with an increased rate of infec-
tion (online supplemental eTable 21).
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Cases Compared to Cases Compared to
Negative Controls Untested Controls
Questions Options Cases/controls IRR [95% Cl] P-value Cases/controls IRR [95% Cl] P-value |
Contact w/ SARS-CoV-2 positive None 4025/22320  Ref Ref 4025/24166  Ref Ref
% Other 1715/5683 1.75[1.64;1.87] <0.001 1715/815 13.42[12.16;14.82] <0.001 - —
s Close* 2522/4829 2.98[2.80;3.17] <0.001 2522/477 32.69 [29.22;36.58] <0.001 o>
g Daily contacts <10 4660/18965  Ref Ref 4660/17524  Ref Ref
[&) 10 to 50 2812/11029 1.05[1.00;1.11] 0.064 2812/5808 1.83[1.73;1.95] <0.001 lo- e
>50 445/1482 1.24[1.10;1.39] <0.001 445/974 1.75[1.54;1.98] <0.001 ——
Bus travel No 5328/20970  Ref Ref 5328/16907  Ref Ref
Yes 1987/9059 0.83[0.78;0.88] <0.001 1987/6563 0.86 [0.81;0.92] <0.001 &
Train travel No 4043/15585  Ref Ref 4043/13212  Ref Ref
Yes 3409/14806  0.86[0.81;0.91] <0.001 3409/10509  0.97 [0.92;1.03] 0.36 9
Ferry travel No 6904/27987  Ref Ref 6904/22035  Ref Ref
Yes 298/1576 0.77[0.67;0.88] <0.001 298/1154 0.83[0.72;0.95] 0.008 o
Airplane travel No 7059/28784  Ref Ref 7059/22827  Ref Ref
Yes 129/759 0.70[0.57;0.85] <0.001 129/317 1.23[0.99;1.53] 0.058 e [
Indoor sports No 5516/23352  Ref Ref 5516/19201  Ref Ref
§ Yes 1774/6421 1.16[1.09;1.23] <0.001 1774/4079 1.53[1.43;1.64] <0.001 - *
(>“ Outdoor sports No 6338/25179  Ref Ref 6338/20280  Ref Ref
g Yes 862/4423 0.75[0.69;0.82] <0.001 862/2916 0.96 [0.88;1.04] 0.31 -
o Visiting a gym No 5360/23126  Ref Ref 5360/19026  Ref Ref
Yes 1955/6650 1.26[1.19;1.35] <0.001 1955/4302 1.55 [1.45;1.66] <0.001 -
Use of public swimming pool/sauna  No 6653/27048  Ref Ref 6653/21514  Ref Ref
Yes 551/2504 0.88[0.79;0.97] 0.011 551/1642 1.08 [0.97;1.20] 0.17 —T*
Grocery shopping No 433/899 Ref Ref 433/855 Ref Ref
Yes 7230/30088  0.52[0.46;0.59] <0.001 7230/23208  0.63 [0.55;0.71] <0.001 o —*
Restaurants/cafés No 3268/13659  Ref Ref 3268/12172 ef Ref
Yes 4142/16480 1.07[1.01;1.13] 0.015 4142/11359  1.38[1.31;1.46] <0.001 le- *
Bar No 5701/24418  Ref Ref 5701/20117  Ref Ref
Yes 1539/5231 1.29[1.21;1.39] <0.001 1539/3083 1.65[1.53;1.77] <0.001 -
Wearing a mask No 53/220 Ref Ref 53/252 Ref Ref
Yes 7954/31561 1.03[0.75;1.42] 0.83 7954/24319  1.63 [1.19;2.25] 0.0025 P Ny
Frequent handwashing No 1375/5524 Ref Ref 1375/4688 Ref Ref
Yes 7538/28539  1.09[1.02;1.17]  0.0087 7538/21301  1.30[1.21;1.39] <0.001 P o
Frequent hand sanitizer use No 1117/3381 Ref Ref 1117/3049 Ref Ref
Yes 7796/30682  0.79[0.73;0.85] <0.001 7796/22940  0.98 [0.91;1.06] 0.58 - T
q Sneezing in elbow No 1416/5229 Ref Ref 1416/4540 Ref Ref
% Yes 7497/28834 1.00[0.93;1.07] 0.96 7497/21449  1.20 [1.12;1.29] <0.001 4
O  Avoiding handshakes No 1454/4269 Ref Ref 1454/3158 Ref Ref
(,|) Yes 7459/29794  0.74[0.69;0.79] <0.001 7459/22831  0.77[0.71;0.83] <0.001 &
o Avoiding hugs No 2233/7762 Ref Ref 2233/6006 Ref Ref
< Yes 6680/26301 0.89[0.84;,0.94] <0.001 6680/19983  0.95 [0.90;1.01] 0.11 %]
2 Physical distancing No 1568/4869 Ref Ref 1568/3668 Ref Ref
S Yes 7345/29194  0.79[0.74;,0.85] <0.001 7345/22321  0.82[0.77;0.88] <0.001 &
S Limiting public transport No 3187/12018  Ref Ref 3187/8910 Ref Ref
o Yes 5726/22045 1.00 [0.95;1.06] 0.86 5726/17079  1.00 [0.95;1.06] 0.91 +*
“; Avoiding social events No 2916/9860 Ref Ref 2916/7397 Ref Ref
g Yes 5997/24203  0.85[0.81;0.90] <0.001 5997/18592  0.86 [0.81;0.90] <0.001 F 3
k= Staying more at home No 5386/17943  Ref Ref 5386/13174  Ref Ref
© Yes 3527/16120  0.75[0.71;0.79] <0.001 3527/12815  0.68 [0.64;0.71] <0.001 * o
$  Avoiding crowds No 3259/11428  Ref Ref 3259/8579 Ref Ref
x Yes 5654/22635  0.89 [0.85;0.94] <0.001 5654/17410  0.91([0.86;0.96]  <0.001 z
Avoiding sports with others No 4799/17395  Ref Ref 4799/12474  Ref Ref
Yes 4114/16668  0.90 [0.85;0.94] <0.001 4114/13515  0.81 [0.77;0.86] <0.001 e
Limiting traveling No 2335/8477 Ref Ref 2335/5993 Ref Ref
Yes 6578/25586  0.97[0.91;1.02] 0.23 6578/19996  0.89 [0.84;0.95] <0.001 R
Limiting grocery shopping No 5617/21895  Ref Ref 5617/16325 Ref Ref
Yes 3296/12168 1.07[1.02;1.13] 0.01 3296/9664 1.04 [0.99;1.10] 0.16 I*.
Attending large event No 6920/28913  Ref Ref 6920/22934  Ref Ref
) Yes, >30 people 556/1565 1.48[1.33;1.65] <0.001 556/814 2.19 [1.95;2.46] <0.001 —o—
g Yes, >50 people 543/1344 1.71[154;1.91] <0.001 543/869 219[1.952.46]  <0.001 —o——
> Indoor/outdoor event No 6920/28913  Ref Ref 6920/22934  Ref Ref
w Indoor 1011/2621 1.62[1.50;1.76] <0.001 1011/1446 2.33[2.13;2.55] <0.001 - -
Outdoor 83/280 1.25[0.97;1.61] 0.089 83/228 1.31[1.00;1.70] 0.048 . —
Primary employment Not employed 746/2734 Ref Ref 746/3617 Ref Ref
Student 1111/4059 1.18[1.02;1.36] 0.0283 1111/2570 2.76 [2.38;3.20] <0.001 —e— —
Public employee 2545/10210 1.32[1.17;1.48] <0.001 2545/4848 4.42[3.91;4.99] <0.001 ——
Private employee 2739/11352  1.22[1.08;1.38] 0.0011 2739/10127 2.13[1.89;2.41]  <0.001 —— ——
Self employed 529/2036 1.33[1.15;1.54] <0.001 529/1988 2.09 [1.80;2.42] <0.001 ——
Other 264/1134 1.01[0.85;1.19] 0.9425 264/1237 1.36 [1.15;1.61] <0.001 —p—
Type of occupation Non-employed 847/3132 Ref Ref 847/3999 Ref Ref
c At home 1470/7673 0.93[0.83;1.04] 0.2232 1470/6858 1.43[1.28;1.61] <0.001 —et -
-g Own office 601/2477 1.23[1.07;1.41] 0.0031 601/1916 2.21[1.92;2.54] <0.001 —— ——
g Shared office 1358/5029 1.34[1.19;1.51] <0.001 1358/4134 2.26 [2.01;2.55] <0.001 —— -
3 Retail, library & factory work 558/1814 1.46[1.27;1.68] <0.001 558/1946 1.83[1.58;2.10] <0.001 —e—
o Social care & education 1489/5012 1.50[1.34;1.69] <0.001 1489/1714 6.40 [5.65;7.26] <0.001 —— e
O Healthcare sector 746/3098 1.22[1.07;1.39] 0.0025 746/708 7.95 [6.85;9.23] <0.001 —— g
Transport (e.g. bus/taxi driver) 63/240 1.37[1.01;1.86] 0.0420 63/192 2.09 [1.52;2.88] <0.001 | o —
Outdoors (e.g. gardener) 178/714 1.16[0.95;1.42] 0.1545 1781792 1.33[1.08;1.63] 0.0068 e oy
Other 587/2193 1.25[1.09;1.43] 0.0011 587/1953 1.91[1.66;2.19] <0.001 ——
Contact to people at work No contact 2389/10319  Ref Ref 2389/9311 Ref Ref
Yes, close 2121/7739 1.24[1.16;1.33] <0.001 2121/2934 3.06 [2.83;3.30] <0.001 - -
Yes, other 2463/9838 1.12[1.04;1.19] 0.0012 2463/7666 1.31[1.22;1.40] <0.001 -
Not Employed 908/3467 0.90[0.81;1.00] 0.0434 908/4310 0.60 [0.54;0.67] <0.001 ——
Household size 1 to 2 persons 5234/19438  Ref Ref 5234/16246  Ref Ref
3 to 4 persons 2931/12156  0.95[0.89;1.01] 0.099 2931/8290 1.28[1.20;1.37] <0.001 -
>5 persons 606/2046 1.15[1.03;1.28] 0.015 606/1241 1.84[1.63;206]  <0.001 —o— ——
> Education level*™* ISCED group 0 1407/5052 Ref Ref 1407/4306 Ref Ref
£ ISCED group 1 3042/11175 1.01[0.92;1.11] 084 3042/9160  1.29[1.17;1.42] <0.001 ——
© ISCED group 2 2577/9584  1.04[0.95:1.15] 0.39 2577/6470  1.67[1.51;1.85]  <0.001 ——
=4 ISCED group 3&4 1590/7317 0.87[0.78;0.97] 0.01 1590/5633 1.25[1.12;1.39] <0.001 ——|
£  Income™ 1st quartile 2461/8461 Ref Ref 2461/6806 Ref Ref
8 2nd quartile 2124/8447 0.87[0.81;0.94] <0.001 2124/6199 1.03 [0.96;1.11] 0.376 -
3rd quartile 2134/8498  0.89[0.83;0.96] 0.0025 2134/6125  1.09[1.01;1.18] 0.029 -
4th quartile 2052/8234 0.87[0.80;0.94] <0.001 2052/6647 1.00 [0.93;1.09] 0.909 -
Ethnicity Danish 7640/30334  Ref Ref 7640/24668  Ref Ref
Other 1273/3729 1.34[1.25;1.44] <0.001 1273/1321 3.05[2.79;3.33] <0.001 —o— —o-
* Close contact = Less than 2 meters for more than 30 minutes. 05 1.0 3.0
** Variables are described in eTabel 1 Rate Ratio

Figure 2 The infection incidence rate ratios (IRRs) for the different exposures when comparing cases with either negative
controls or untested controls. Blue: cases compared with negative controls. Green: cases compared with untested controls.
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The main analysis was repeated for cases with an
unknown source of infection compared with NC and UC
(online supplemental eTable 22). In this analysis, doing
indoor sports (IRR: NC: 1.26; UC: 1.68), visiting a gym
(IRR: NC: 1.52; UC: 1.87), visiting restaurants/cafés
(IRR: NC: 1.33; UC: 1.77), visiting a bar (IRR: NC: 1.67;
UC: 2.20) and attending a large event (IRR>30 attendees
- NC: 1.78; UC: 2.67. IRR>50 attendees - NC: 2.87; UC:
3.22) were all associated with an increased rate of infec-
tion. In this analysis, many precautions had IRRs above 1
but the findings were not statistically significant (online
supplemental eTable 22).

DISCUSSION

This large retrospective case—control study aimed to
investigate the behavioural factors associated with the
risk of SARS-CoV-2 infection. During the study period
of November and December 2020, restrictions instituted
by the Danish authorities were limited and the infection
rate rapidly increasing. Our results indicate that going
grocery shopping, using public transport and swimming
pools as well as participating in outdoor sports are not
associated with an increased incidence rate of SARS-
CoV-2 infection. Importantly, our study was conducted in
a community setting with moderate restrictions. The non-
pharmaceutical interventions instituted by the Danish
authorities in the study period included reserved seating
in regional trains, mandatory masking when using public
transportation and while standing indoors in all public
places, and a physical distance>1 m was encouraged in all
social settings. These non-pharmaceutical interventions
may be required in order to sustain a reduced viral trans-
mission in public transportation and other community
settings in the future.

An essential part of the Danish authorities’ initiatives
to mitigate viral transmission has been to recommend
a series of behavioural changes through TV ads and
posters in public places. Encouragingly, our study showed
that frequent use of hand sanitizer, physical distancing,
as well as avoiding handshakes, hugs, social events and
large gatherings were associated with a lower rate of
SARS-CoV-2 infection. This is in line with recent reports
showing that the implementation of non-pharmaceutical
interventions is enough to achieve control of a SARS-
CoV-2 outbreak.”* * Non-pharmaceutical interventions
reduce presymptomatic transmission, which previous
studies have found to constitute a high proportion of the
total transmission.?® ¥’ Bans on large public gatherings
and making hand sanitizer available in public places are
relatively inexpensive measures that should help reduce
SARS-CoV-2 infections.

In our population, frequent handwashing appeared to
be a risk factor for SARS-CoV-2 infection. However, this
increased rate was not found in subgroup analysis when
excluding participants in high-risk occupations (working
in healthcare, social care, retirement homes and educa-
tional institutions) (online supplemental eTable 3).

Consequently, the initial finding may be explained by
the frequent handwashing of high-risk occupations. The
use of masks did not appear to be preventative. During
the time period when this study was conducted, masks
were mandatory indoors in all public places, for example,
in bars/restaurants and in public transportation. The
rate estimates presented here may be confounded by
several factors and the lack of a protective effect for mask
wearing may be more linked to the general behaviour
of the individuals more than to the effect of the masks
themselves. When looking at the supplementary analysis
adjusted for wearing a mask, multiple of the precautions
are associated with an increased rate of infection. This
suggests that wearing a mask, or the general behaviour of
the individuals who wear a mask, could be a substantial
confounder for the protective properties of many of the
safety measures in this study (online supplemental eTable
18).

Attending meetings with many people, visiting bars and
restaurants and having many activities in public places
would require frequent mask wearing. Whereas, staying at
home and reducing social activities to a minimum would
practically eliminate the need to wear a mask.

Having more than 50 daily contacts was associated with
higher rates of SARS-CoV-2 infection. Another important
factor was attending large indoor events with more than
30 attendees. In several cases, these large gatherings have
been the source of ‘superspreading events’ in which
many people are infected within a short period of time.**
Increasing evidence indicates that superspreading events
play a dominant role in SARS-CoV-2 transmission,”* and
that superspreading events are critical for maintaining
the epidemic.” Restrictions on large gatherings seem
warranted. The increase in infection rate was less if
the events were held outdoors. This supports existing
evidence that the rate of SARS-CoV-2 transmission is
lower outdoors.™

Every type of occupation carried out outside one’s own
home was associated with increased rate of infection,
with outdoor occupations having the lowest increase in
rate, numerically. Physical proximity to other people,
especially close contacts, during work increased rate of
infection. These findings support the recommendation
for working from home and limiting physical contact at
work, when possible.

Going to the gym and doing indoor sports were asso-
ciated with increased rate of infection, in line with
previous reports of SARS-CoV-2 outbreaks from indoor
sporting facilities.”»™ Considering that SARS-CoV-2
is transmitted by respiratory droplets, group exercise
in a closed indoor space could provide an environ-
ment highly prone to SARS-CoV-2 transmission.”" The
increased rate of infection in bars and to a lesser extent
in restaurants corresponds to previous reports about
these locations being the centre for superspreading
events."” ' ** Reports of exposures in restaurants have
been linked to air circulation."" Eating and drinking
may obstruct efficient mask use, whereas masks can be
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effectively worn while shopping and during numerous
other indoor activities.

In Denmark, great attention has been devoted to
subpopulations throughout the pandemic, because big
differences in infection rates were observed between
groups. Some of the more important groupings were by
ethnicity, age and occupation. We believe that presenting
the risk in subgroups of populations of specific interest
would be useful to guide policy-makers, as effects of
interventions could be very different across these
subpopulations.

Considering the risk of selection bias, the SARS-CoV-2
positive cases were compared with both a group of tested
individuals (NC) and a group of individuals who were
never tested (UC).

The association between some behavioural factors and
SARS-CoV-2 transmission was markedly different when
cases were compared with NCs versus UGCs. Although
the IRRs mostly pointed in the same direction, the
IRR was often markedly higher when using UCs as the
control group. The reason for this is unclear but could
be due to unaccounted for bias/confounding. UCs may
be more careful and cautious, for example, have fewer
daily contacts, than the NCs. Also, differences in access
to SARS-CoV-2 testing could explain some of the differ-
ence seen. The fact that the results when comparing the
symptomatic cases with the symptomatic NCs were almost
identical to the main findings in figure 2 suggests that the
behavioural factors associated with an increased rate of
infection are the same regardless of the reason for being
tested.

The findings in this report are subject to limitations.
We used a case—control design from which results should
be interpreted as hypothesis-generating only. Only a
moderate number of invitees answered the survey, possibly
limiting generalisability. Participants were aware of their
SARS-CoV-2 test results, which could have influenced
their responses to questions about community exposures
and close contacts leading to recall bias. Similarly, UCs
may have more of a problem with recall bias than those
who were tested. We recruited and asked questions on a
digital platform leading to exclusion of participants not
using this platform (mostly elderly people). Very few of
our participants had been hospitalised indicating that
our data are skewed towards those less affected by SARS-
CoV-2. Likewise, we could not include people who ulti-
mately died from the disease. Factors identified in this
study might therefore be less applicable to the elderly
or those with severe disease. Finally, our results could be
very dependent on the stage of the pandemic at the time
and therefore cannot necessarily be extrapolated to other
stages of the pandemic.

Among the strengths of our study is a large sample size,
that most participants answered all the questions in the
comprehensive questionnaire and the choice to use two
control groups matched by age, sex, municipality and test
date.

CONCLUSIONS

Using a case—control design, we identified activities
including grocery shopping and using public transport
that do not seem to increase the rate of getting infected
with SARS-CoV-2 in a community with moderate restric-
tions. Exposures and activities associated with many and
close contacts, especially indoors, increased the rate of
infection. Importantly, continued assessment of various
types of activities and exposures in other settings and in
the next phases of the pandemic are needed as commu-
nities reopen. The results presented here should help
public health authorities and individuals tailor their strat-
egies for limiting the spread of SARS-CoV-2.
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