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Objective   This study aimed to quantify the risk of COVID-19-related hospital admission in spouses living with 
partners in at-risk occupations in Denmark during 2020–21.
Methods   Within a registry-based cohort of all Danish employees (N=2 451 542), we identified cohabiting 
couples, in which at least one member (spouse) held a job that according to a job exposure matrix entailed low 
risk of occupational exposure to SARS-CoV-2 (N=192 807 employees, 316 COVID-19 hospital admissions). 
Risk of COVID-19-related hospital admission in such spouses was assessed according to whether their partners 
were in jobs with low, intermediate or high risk for infection. Overall and sex-specific incidence rate ratios (IRR) 
of COVID-19-related hospital admission were computed by Poisson regression with adjustment for relevant 
covariates.
Results   The risk of COVID-19-related hospital admission was increased among spouses with partners in high-
risk occupations [adjusted IRR (IRRadj)1.59, 95% confidence interval (CI) 1.1–2.2], but not intermediate-risk 
occupations (IRRadj 0.97 95% 0.8–1.3). IRR for having a partner in a high-risk job was elevated during the first 
three pandemic waves but not in the fourth (IRRadj 0.48 95% CI 0.2–1.5). Sex did not modify the risk of hospital 
admission.
Conclusions   SARS-CoV-2 transmission at the workplace may pose an increased risk of severe COVID-19 
among spouses in low-risk jobs living with partners in high-risk jobs, which emphasizes the need for preven-
tive measures at the workplace in future outbreaks of epidemic contagious disease. When available, effective 
vaccines seem essential.
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SARS-CoV-2 (severe acute respiratory syndrome corona 
virus 2) infection has been recognized as an occupa-
tional hazard during the pandemic, and increased risk 
of COVID-19 has been reported in a number of occu-
pations in several countries including Denmark (1–8). 
Besides the individual worker, family members may 
also become infected following secondary transmission 
of infection acquired in the workplace. Even though this 
aspect of occupational transmission of SARS-CoV-2 is 
recognized in the literature (9, 10), we have not identi-

fied any systematic study that quantifies the risk among 
family members of employees in at-risk occupations. 
The exception is a Swedish study indicating increased 
COVID-19 mortality among elderly individuals living 
together with employees with less opportunity to work 
from home during the pandemic (11).

SARS-CoV-2 exposure may cause asymptomatic but 
still communicable SARS-CoV-2 infection or clinical 
disease, which may be mild or severe. We use COVID-
19-related hospital admission as a proxy for the latter 
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and hereby give priority to study of a less frequent but 
serious outcome over more common asymptomatic 
SARS-CoV-2 infections and milder COVID-19 cases. 
Besides, the focus on COVID-19-related hospital admis-
sion is motivated by methodological issues because this 
outcome can be assumed to be independent of testing 
behavior which is an issue in studies based upon non-
random SARS-CoV-2 test results (12, 13).

The objective of this paper was to examine the risk 
of COVID-19-related hospital admission among spouses 
of partners who were employed in documented interme-
diate- and high-risk occupations in Denmark.

Methods

Population and data

The source population was a nationwide cohort of all 
Danish employees aged 20–69 years (N=2 451 542) with 
public registry data on occupations and demographic, 
social and health characteristics including on COVID-
19-related hospital admissions and COVID-19 vaccina-
tions as detailed in an earlier paper (14). Occupations 
were those held on 31 December 2019, and were classi-
fied by the Danish version of the International Standard 
Classification of Occupations (DISCO-08) (15) at the 
4-digit level (N=423 occupational groups).

Occupational exposure classification.

Occupations were assigned to three levels of potential 
for exposure to SARS-CoV-2.

Low-risk occupations (N=50) were those which in an 
expert-rated job-exposure matrix (JEM) had a sum score 
of 0 across eight determinants of occupational SARS-
CoV-2 exposure (possible range 0–24) (16).

High-risk occupations were specified for men and 
women separately, and defined as those which, in fol-
low-up analyses through 2020–2021, relative to low-risk 
occupations, had an adjusted incidence rate ratio (IRR) 
>1.5 for hospital admission due to COVID-19, with a 
lower 95% confidence limit above unity (equivalent to 
a two-sided P<0.05) (4). These analyses were based 
upon the entire source population (N=2 451 542) and 
methods used to compute IRR estimates are detailed in 
an earlier publication (4). The criteria to define high-
risk occupations were set a priori to balance the needs 
for magnitude and reliability of effects on one hand and 
sample size and statistical power on the other hand. 
High-risk occupations among men (N=19) and women 
(N=16) are listed in the supplementary material (https://
www.sjweh.fi/article/4080), table S1.

Intermediate-risk occupations were all occupations 

not fulfilling the criteria for either high-risk or low-risk 
occupations (neither a reference occupation nor an 
occupation associated with elevated fully adjusted risk 
of COVID-19-related hospital admission).

Study population

Within the source population, we identified cohabiting 
couples, comprising two adults, both aged 25–69 years 
with valid 4 digit-DISCO-08 codes, who met one of 
the following criteria: (i) married people (opposite-sex 
couples); (ii) people in a registered partnership (same-
sex couples); (iii) two opposite-sex persons sharing 
residence with ≥1 shared child;  (iv) two opposite-sex 
persons sharing residence with <15 years age difference 
without shared children and without sibling or parent-
child relationship.

The study population (N=192 807) comprised 
those members of cohabiting couples, who were work-
ing in jobs with low risk of occupational exposure to 
SARS-CoV-2 infection. We refer to these individuals as 
spouses, and to the other members of the couples as the 
spouses’ partners. Partners could be working in occupa-
tions with low, intermediate or high risk of exposure to 
SARS-CoV-2. People < 25 years of age were excluded to 
ensure that the study population exclusively comprised 
couples of two adults (adult children <25 years of age 
living at home are included in the family definition used 
by Statistics Denmark).

Employees in low-risk occupations who were not 
living with a spouse/partner according to the above 
definitions (N=155 506) were excluded from the main 
analyses but included in a sensitivity analysis (figure 1).

Main exposure variable

The principal exposure variable was the risk of occu-
pational exposure to SARS-CoV-2 in the partner’s job, 
with the low-risk category taken as the reference.

Outcome

The outcome was severe COVID-19 defined by admis-
sion to hospital for a duration of ≥12 hours in combina-
tion with a positive PCR test within the 14 days before 
admission. This was ascertained from records in public 
registries hosted by Statistics Denmark and the Danish 
Health Data Authority by linkages using the Danish 
unique personal 10-digit identifier. During the study 
period, COVID-19-related hospital admissions were 
due to serious clinical COVID-19 in the vast majority of 
cases. However, according to ICD-10 diagnoses avail-
able from the National Patient Registry for a subset of 
the population, about 2.5% of cases were likely related 
to psychiatric, traumatic, or obstetric disorders.

https://www.sjweh.fi/article/4080
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Covariates

Individual-level information on a range of demographic, 
social and health variables at the end of 2019 were 
obtained from public registries hosted by Statistics Den-
mark: sex, age, duration of education in years, country 
of origin, hospital admission for one or more of eleven 
chronic diseases during 2010–2019, geographical resi-
dential area and date of COVID-19 vaccinations. From 
data on household members including children, elders, 
and family members without gainful employment, we 
defined variables indicating the size of the household in 
terms of individuals sharing the same residence and the 
number of children <15 years old. Data on residential 
area per person were not available.

Estimates of the probability of current smoking and 
of body mass index (kg/m2) were assigned by lifestyle 
JEM based on questionnaire information from several 
large random samples of the Danish population repre-
sentative for 2010 (17). The distribution of covariates 
across reference and high-risk exposure categories of 
study population spouses is displayed in table 1, which 
also shows the categorial grouping of covariates used in 
the statistical analyses

Further details on the cohort and its key variables are 
provided in an earlier paper (4).

Statistical analysis

The study population was followed from week 8 in 2020 
through to week 50 in 2021. This follow-up period was 
divided into four pandemic waves by midpoints of the 
troughs between peaks of COVID-19-related hospital 
admissions in Denmark. We used Poisson regression 
to compute overall and wave-specific IRR with 95% 
confidence intervals (CI) for COVID-19-related hospital 
admission. The time unit was a week, and follow-up was 
censored at the first COVID-19-related hospital admis-
sion, death, emigration, retirement or the end of week 50 
in 2021. This approach is equivalent to Cox regression 
with an assumption of constant baseline risk in defined 
time periods.

Risk estimates were in accordance with the disjunc-
tive confounder variable selection criteria adjusted by 
well-established determinants of the outcome without 
consideration of association with exposures (18): sex 
(in combined analysis only), age, duration of educa-
tion, country of origin, geographical area, chronic dis-
ease, size of the household, body mass index, smoking 
and completed COVID-19 vaccination (two injections 
approximately 14 days apart). All covariates were deter-
mined at baseline except vaccination (which was treated 
as a time-varying variable). Moreover, estimates of risk 
across the entire follow-up period were adjusted for 

Figure 1. Identification of spouses (low-risk occupations) to partners in low-, intermediate- and high-risk occupations based upon the DOC*X cohort.  
* Including partners of same sex.
# High-risk occupations were derived from sex-stratified follow-up analyses of adjusted risk of COVID-19 hospital admission (Poisson regression providing 
incidence rate ratios) by all 4-digit DISCO-08 job codes using the entire source population [N=2 451 542, results provided in supplementary table 1, methods 
detailed in (4)].    
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epidemic wave (also treated as a time-varying variable).
To assess if the pandemic wave and sex modified 

the risk of COVID-19-related hospital admission, 
we included interaction terms in separate regressions 
models (exposure×pandemic wave and exposure×sex, 
respectively).

In order to be comparable with spouses potentially 
at risk through their partners’ occupational exposure, 
the reference group for the main analysis included only 
employees in low-risk occupations living together with 
a partner in a low-risk occupation. To obtain a substan-
tially larger reference group and increased statistical 

power, we augmented the reference group with singles 
in a sensitivity analysis.

All analyses were carried out in SAS 9.4 (SAS Insti-
tute, Cary, NC, USA) by remote and secured access to a 
platform at Statistics Denmark.

Results

We observed in total 316 COVID-19-related hospital 
admissions among the 88 100 cohabitating men and 

Table 1. Characteristics of male and female spouses according to risk of exposure to SARS-CoV-2 in job held by partner.

Characteristic Male spouse in low-risk job Female spouse in low-risk job
Partner in  

low-risk job  
N=25 970

Partner in inter-
mediate-risk job  

N=42 694

Partner in  
high-risk job  

N=19 436

Partner in  
low-risk job  
N=25 960

Partner in inter-
mediate-risk job  

N=74 602

Partner in  
high-risk job  

N=4145

% % % % % %

Age, years
20–<30 7.1 7.0 5.7 10.4 8.8 6.6
30–<40 24.6 25.4 23.3 26.6 24.5 23.3
40–<50 30.3 30.9 31.4 31.2 29.9 28.3
50–<60 28.3 27.0 27.3 26.2 29.8 31.9
≥60 9.7 9.7 12.4 5.6 7.0 10.0

Geographical region
Capital 43.4 40.1 28.8 43.3 32.9 33.1
Zealand 12.6 12.1 14.4 12.6 14.5 14.0
South 12.9 14.7 19.1 13.0 17.5 17.5
Central 23.2 24.0 26.3 23.4 24.0 22.3
North 7.9 9.2 11.5 7.9 11.1 13.2

Duration of education, years
≤10 35.5 37.3 30.7 34.4 25.5 28.3
>10–13 47.8 45.3 50.9 52.8 59.5 56.3
>13–16 13.9 14.2 15.2 10.9 12.7 13.0
>16  1.9 2.3 2.7 1.0 1.7 1.7
Missing 0.9 0.9 0.5 0.8 0.6 0.7

Country of birth
Denmark 92.7 92.2 94.6 90.6 92.3 90.4
Other western countries 3.5 3.1 1.9 3.7 2.6 2.7
Eastern Europe 1.8 1.7 1.0 3.2 2.8 3.1
Other countries 2.1 3.0 2.5 2.5 2.4 3.8

Number of hospital admissions 2010–2020
0 86.7 86.6 85.2 81.8 78.9 78.2
1 11.1 11.2 12.6 15.8 17.7 18.3
≥2 2.2 2.2 2.2 2.5 3.4 3.5

Probability of tobacco smoking (JEM assigned)
<10 5.3 4.2 4.1 6.1 4.3 3.4
10–<20 80.4 79.3 77.6 89.9 90.5 92.2
≥20 14.3 16.5 18.3 4.0 5.2 4.4

Bodymass index kg/m2 (JEM assigned)
<25 10.1 9.4 7.6 51.6 43.7 41.5
≥25 89.9 90.6 92.4 48.4 56.3 58.5

Number of household members
1 0 0 0 0 0 0
2 33.9 33.1 30.4 33.6 36.3 39.3
3 22.9 21.9 20.4 23.0 22.7 22.5
4 33.9 33.5 34.3 34.0 31.7 28.2
≥5 9.3 11.5 14.9 9.4 9.3 10.0

Number of children <15 years
0 50.5 49.0 47.0 50.3 54.1 57.0
1 20.8 20.4 4.7 21.0 19.4 18.4
2 24.0 24.8 25.6 24.0 22.0 19.4
≥3 4.7 5.8 7.7 4.7 4.5 5.2

Second COVID-19 vaccination obtained
1 January 2021 to 30 June 2021 20.8 20.2 22.0 15.1 16.7 20.2
1 July 2021 to 14 December 2021 75.6 76.0 74.1 79.7 77.5 73.6
<2 vaccinations by 14 December 2021 3.4 3.8 4.0 5.2 5.8 6.2
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Table 2. Incidence rate ratios (IRR) with 95% confidence intervals (CI) for COVID-19 (C-19)-related hospital admission in spouses of partners with 
intermediate- and high-risk jobs 1.

All waves Wave 1  
week 8–32 2020  

Alpha variant  
dominates

Wave 2 
week 33–52 2020  

and 1–4 2021  
Beta variant dominates

Wave 3  
week 5–26 2021  

Beta variant  
dominates

Wave 4  
Week 27–50 2021  

Delta variant  
dominates 

N 
employees

N  
C-19

IRR 2 95% CI N  
C-19

IRR 2 95% CI N  
C-19

IRR 2 95% CI N  
C-19

IRR 2 95% CI N  
C-19

IRR 2 95% CI

Male and female 
spouses

Partner with  
high-risk job 1 

23 581 64 1.59 1.1–2.2 12 1.92 0.8–4.4 34 1.77 1.1–2.9 <15 1.79 0.9–3.7 <5 0.48 0.2–1.5

Partner with inter-
mediate-risk job 

117 296 172 0.97 0.8–1.3 24 1.07 0.5–2.2 70 0.86 0.6–1.3 43 1.18 0.7–2.1 35 0.88 0.5–1.6

Referents (partner 
with low-risk job) 3

51 930   80 1.00 11 1.00 36 1.00 16 1.00 17 1.00

Male spouses
Partner with  
high-risk job 1 

19 436 55 1.64 1.1–2.4 11 2.02 0.8–5.1 29 1.79 1.0–3.2 <15 1.54 0.7–3.6 <5 0.68 0.2–2.7

Partner with inter-
mediate-risk job 

42 694  74 1.03 0.7–1.5 13 1.02 0.4–2.5 31 0.95 0.5–1.7 15 0.88 0.4–2.0 15 1.52 0.6–3.9

Referents (partner 
with low-risk job) 3

25 970 44 1.00 8 1.00 20 1.00 10 1.00 6 1.00

Female spouses
Partner with  
high-risk job 1 

4145   9 1.44 0.7–3.0 < 5 1.48 0.2–14 5 1.75 0.6–4.8 <5 2.01 0.4– 10  <5 0.59 0.1–4.6

Partner with inter-
mediate-risk job 

74 602 98 0.94 0.6–1.4 11 1.07 0.3–3.8 39 0.82 0.5–1.5 28 1.65 0.7–4.0 20 0.68 0.3–1.4

Referents (partner 
with low-risk job) 3

25 960 36 1.00 <5 1.00 16 1.00 <10 1.00 11 1.00

1 Adjusted risk above 1.5 with a P-value < 0.05 in sex-stratified analyses of all occupations at the 4-digit DISCO-08 level (N=374 for men and N=348 for women). 
2 Adjusted for sex, age (10 year groups), duration of education at baseline (5 groups), number of hospital admissions for one or more of 11 chronic diseases in the 10 

years preceding start of the pandemic (3 groups), country of origin (4 groups), geographical region (5 groups), number of household members (5 groups), number 
of children < 15 years of age in the household (4 groups), probability of tobacco smoking (3 groups), bodymass index (2 groups) and completed COVID-19 vaccina-
tion (time varying variable, yes/no).

3 Employees with low likelihood of occupational SARS-CoV-2 exposure according to a COVID-19 job exposure matrix (sumscore for all eight rated indicators of SARS-
CoV-2 workplace viral transmission = 0) (16).                                                

104 707 cohabitating women employed in one of 50 
low-risk occupations through 18 148 351 person-weeks 
of follow-up. The overall adjusted risk was increased in 
employees whose partners held high-risk occupations, 
but not in employees with partners in intermediate-
risk occupations. However, most CI were broad and 
included unity (table 2). Pandemic wave modified the 
risk associated with having a partner in an at-risk occu-
pation (the P-value for interaction between exposure 
and pandemic wave in fully adjusted analyses was 0.10) 
(table 2). During the first three waves, risk was elevated 
among spouses with partners in high-risk jobs, while it 
was below unity in the last wave among both men and 
women (table 2). Sex did not modify the risk of hospital 
admission (P-value for interaction=0.87) and the sex-
stratified results displayed in table 2 indicate similar risk 
patterns among men and women, although numbers are 
small in the stratum of female spouses with partners in 
high-risk occupations.

Risk estimates were higher in sensitivity analyses 
that included low-risk employees without a partner in 
the reference group (303 cases among a total of 207 
436 low-risk employees including singles, as opposed 
to 80 cases among 51 930 low-risk partners). Within the 
high-risk stratum, the combined risk for men and women 

increased from 1.59 to 1.77 (95% CI 1.3–2.4), among 
men from 1.64 to 1.66 (95% CI 1.2–2.3) and women 
from 1.44 to 1.80 (95% CI 0.9–3.6) (supplementary 
table S2).

Discussion

In this follow-up study of COVID-19-related hospital 
admissions among Danish employees in low-risk occu-
pations, we observed an overall elevated risk in the 
subset of spouses with partners working in high-risk 
occupations. The increase in risk vanished in the fourth 
wave of the pandemic (last half of 2021), which most 
likely reflects that 95.0% of the source population had 
completed vaccination by this time. Findings are com-
patible with a meta-analysis of contact-tracing studies 
showing a secondary household attack rate of 24% and a 
household reproduction number of 34% (19) and with a 
Canadian study of household infections associated with 
COVID-19 workplace outbreaks of (20).
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Limitations 

The overlap between high-risk occupations among 
men and women was small. The risk was only ele-
vated in both sexes in three of 35 occupations defined 
as high-risk occupations by the adopted criteria (see 
supplementary table S1). Therefore, analyses to define 
high- and intermediate-risk occupations were performed 
separately among men and women. In other words, an 
occupation defined as a high-risk occupation among 
men may not be a high-risk occupation among women 
and vice versa. Even though no obvious interaction by 
sex was observed, it should be acknowledged that few 
female spouses were at risk through their partners’ work-
ing in high-risk occupations, and that there is a risk of 
overlooking effect modification by sex.

Risk estimates were adjusted by ten established 
determinants of COVID-19-related hospital admission. 
These demographic, social and health characteristics 
were also in this cohort – with a few exceptions – strong 
predictors of the studied outcome [supplementary table 
S2 in reference (4)]. Domestic crowding is associated 
with risk of viral transmission (21, 22) and fewer oppor-
tunities for isolation at the home, but is, at least partially, 
accounted for by adjusting for social, ethnic and geo-
graphical characteristics including number of household 
members and children. Nevertheless, information about 
factors such as home-to-work commuting patterns (23, 
24), large gathering attendance (25) and local hotspots 
(26) was not available at the individual level and skewed 
distribution of these factors across exposure categories 
may have contributed to residual confounding in either 
direction. The same applies to JEM-based assignment 
of probability of smoking and body mass index. Even 
these variables in this dataset have dose-related effects 
on COVID-19 hospital admission independent of other 
determinants (14), some residual confounding is likely 
– in part because the JEM based upon Danish surveys 
in 2010 and 2013 are slightly outdated.

It must also be acknowledged that the partner’s occu-
pational risk is used as a proxy for domestic exposure. 
We do not know, if the individual employees in at-risk 
occupations actually had a SARS-CoV-2 infection in the 
relevant time window preceding the COVID-19-related 
hospitalization of the spouse. Although it seems plau-
sible that partners, who are infected at the workplace, 
may indeed transmit the virus to the spouse and other 
family members at home, demonstration of pathways at 
the individual level would strengthen causal inference. 
Even though data on >40 million PCR tests conducted 
in the source population of this study are available, the 
test frequency in households in relevant time windows 
is far too limited to allow individual tracing.

While partners with intermediate- and high-risk 
jobs were excluded from the study population, couples 

in which both members held low-risk occupations con-
tributed twice to the estimation of risk, violating the sta-
tistical requirement for independent observations. This 
is hardly an issue in the sex-stratified analyses because 
there were few same-sex couples, but it may have pro-
duced spuriously narrow CI in the combined analysis. 
Nevertheless, each partner in a couple was at risk of the 
outcome, and since none of the 79 hospital admissions 
in low-risk couples involved both partners, we believe 
that the possible impact on risk estimation is marginal.

The sensitivity analysis that broadened the reference 
group by including individuals in low-risk occupations 
living without an employed partner revealed higher risk 
estimates with narrower confidence intervals, reflecting 
the more than 3-fold larger reference-group. This gain 
in statistical power came at the cost of possible bias, as 
people living without a partner may have different social 
behaviors and risk profiles from cohabiting couples. 
However, the age- and sex adjusted risk for COVID-
19-related hospital admission was only marginally lower 
in households with two people compared to singles 
(IRR 0.97 95% CI 0.89–1.07) in analyses based upon 
the entire source population (4). This indicates that it 
may be a minor issue in this population. Moreover, the 
sensitivity analysis including singles in the reference 
group was adjusted for size of the household.

Implications 

SARS-CoV-2 is a recognized occupational hazard in 
Denmark (27), but the present findings indicate, that 
occupational COVID-19 may reach beyond the individ-
ual employee. Workplace-related infection of the spouse 
and other family members is in particular of concern for 
vulnerable people such as the elderly and people with 
a range of chronic diseases (28, 29). This introduces a 
new perspective on management of occupational disease 
and adds to the importance of developing efficient pre-
ventive strategies, including for instance, consideration 
of strategies to mitigate domestic exposure and setting 
priorities for vaccination programmes (30).

Concluding remarks

SARS-CoV-2 transmission in the workplace may expose 
spouses to higher risk of severe COVID-19, indicating a 
need for attention to preventive measures in the house-
hold as well as at the workplace in future outbreaks of 
epidemics of occupationally-transmitted contagious 
disease.



 Scand J Work Environ Health, vol 49, no 3 199

Bonde et al

Acknowledgements

Læge Sofus Carl Emil Friis and Hustru Olga Doris 
Friis’ Legat and Interreg Øresund-Kattegat-Skagerrak 
(ÄrendeID: NYPS 20303383) are thanked for generous 
grants that proved crucial for undertaking this project.

Conflicts of interest

The authors have no financial or non-financial interest 
to disclose.

Permissions

Permissions to remotely retrieve, compile and analyze 
pseudonymized data at a secured and logged platform 
at Statistics Denmark were obtained from the Danish 
Data Protection Agency (P-2020-897), Statistics Den-
mark (P-708121) and the National Board of Health Data 
(FSEID-00005368). This process started in August 2020, 
and access to the data-files was provided in December 
2021.

Ethical approval is by Danish law not required for 
studies that entirely are based on public registries.

Data transparency

the pseudonymized database used for the presented 
analyses is hosted by Statistics Denmark and is not pub-
licly available. Permission to access the database can be 
granted to researchers at research institution authorized 
by Statistics Denmark. On request the corresponding 
author can assist interested researchers to gain access.

References

1. van der Plaat DA, Madan I, Coggon D, van Tongeren 
M, Edge R, Muiry R et al. Risks of COVID-19 by 
occupation in NHS workers in England. Occup Environ 
Med 2022 Mar;79(3):176–83. https://doi.org/10.1136/
oemed-2021-107628.

2. Nafilyan V, Pawelek P, Ayoubkhani D, Rhodes S, Pembrey 
L, Matz M et al. Occupation and COVID-19 mortality in 
England: a national linked data study of 14.3 million adults. 
Occup Environ Med 2022 Jul;79(7):433–41. https://doi.
org/10.1136/oemed-2021-107818.

3. Verbeeck J, Vandersmissen G, Peeters J, Klamer S, Hancart 
S, Lernout T et al. Confirmed COVID-19 Cases per 
Economic Activity during Autumn Wave in Belgium. Int J 
Environ Res Public Health 2021 Nov;18(23):12489. https://
doi.org/10.3390/ijerph182312489.

4. Bonde JP, Sell L, Flachs EM, Coggon D, Albin M, Oude 

Hengel KM et al. Occupational risk of COVID-19-related 
hospital admission in Denmark 2020-2021: a follow-up 
study. Scand J Work Environ Health 2023 Jan;49(1):84–94. 
https://doi.org/10.5271/sjweh.4063.

5. Magnusson K, Nygård K, Methi F, Vold L, Telle K. 
Occupational risk of COVID-19 in the first versus second 
epidemic wave in Norway, 2020. Euro Surveill 2021 
Oct;26(40):2001875. https://doi.org/10.2807/1560-7917.
ES.2021.26.40.2001875.

6. Jespersen S, Mikkelsen S, Greve T, Kaspersen KA, 
Tolstrup M, Boldsen JK et al. Severe Acute Respiratory 
Syndrome Coronavirus 2 Seroprevalence Survey Among 
17 971 Healthcare and Administrative Personnel at 
Hospitals, Prehospital Services, and Specialist Practitioners 
in the Central Denmark Region. Clin Infect Dis 2021 
Nov;73(9):e2853–60. https://doi.org/10.1093/cid/ciaa1471.

7. Mutambudzi M, Niedwiedz C, Macdonald EB, Leyland 
A, Mair F, Anderson J et al. Occupation and risk of severe 
COVID-19: prospective cohort study of 120 075 UK Biobank 
participants. Occup Environ Med 2020 Dec;78(5):307–14. 
https://doi.org/10.1136/oemed-2020-106731.

8. Billingsley S, Brandén M, Aradhya S, Drefahl S, Andersson 
G, Mussino E. Deaths in the frontline: Occupation-specific 
COVID-19 mortality risks in Sweden. Stockholm Research 
Reports in Demography 2020. https://doi.org/10.17045/
sthlmuni.12816065.v2.

9. Halley MC, Mathews KS, Diamond LC, Linos E, Sarkar 
U, Mangurian C et al. The Intersection of Work and 
Home Challenges Faced by Physician Mothers During the 
Coronavirus Disease 2019 Pandemic: A Mixed-Methods 
Analysis. J Womens Health (Larchmt) 2021 Apr;30(4):514–
24. https://doi.org/10.1089/jwh.2020.8964.

10. Yu B, Barnett D, Menon V, Rabiee L, De Castro YS, 
Kasubhai M et al. Healthcare worker trauma and related 
mental health outcomes during the COVID-19 outbreak 
in New York City. PLoS One 2022 Apr;17(4):e0267315. 
https://doi.org/10.1371/journal.pone.0267315.

11. Billingsley S, Brandén M, Aradhya S, Drefahl S, Andersson 
G, Mussino E. COVID-19 mortality across occupations and 
secondary risks for elderly individuals in the household: 
A population register-based study. Scand J Work Environ 
Health 2022 Jan;48(1):52–60. https://doi.org/10.5271/
sjweh.3992.

12. Griffith G, Morris TT, Tudball M, Herbert A, Mancano G, 
Pike L et al. Collider bias undermines our understanding of 
COVID-19 disease risk and severity. medRxiv https://doi.or
g/10.1101/2020.05.04.20090506.

13. Vandenbroucke JP, Brickley EB, Pearce N, Vandenbroucke-
Grauls CM. The Evolving Usefulness of the Test-negative 
Design in Studying Risk Factors for COVID-19. 
Epidemiology 2022 Mar;33(2):e7–8. https://doi.
org/10.1097/EDE.0000000000001438.

14. Flachs EM, Petersen SE, Kolstad HA, Schlünssen V, 
Svendsen SW, Hansen J et al. Cohort Profile: DOC*X: 
a nationwide Danish occupational cohort with eXposure 
data - an open research resource. Int J Epidemiol 2019 

https://doi.org/10.1136/oemed-2021-107628
https://doi.org/10.1136/oemed-2021-107628
https://pubmed.ncbi.nlm.nih.gov/34462304
https://doi.org/10.1136/oemed-2021-107818
https://doi.org/10.1136/oemed-2021-107818
https://pubmed.ncbi.nlm.nih.gov/34965981
https://doi.org/10.3390/ijerph182312489
https://doi.org/10.3390/ijerph182312489
https://pubmed.ncbi.nlm.nih.gov/34886215
https://doi.org/10.5271/sjweh.4063
https://pubmed.ncbi.nlm.nih.gov/36228167
https://doi.org/10.2807/1560-7917.ES.2021.26.40.2001875
https://doi.org/10.2807/1560-7917.ES.2021.26.40.2001875
https://pubmed.ncbi.nlm.nih.gov/34622761
https://doi.org/10.1093/cid/ciaa1471
https://pubmed.ncbi.nlm.nih.gov/33011792
https://doi.org/10.1136/oemed-2020-106731
https://pubmed.ncbi.nlm.nih.gov/33298533
https://doi.org/10.17045/sthlmuni.12816065.v2
https://doi.org/10.17045/sthlmuni.12816065.v2
https://doi.org/10.1089/jwh.2020.8964
https://pubmed.ncbi.nlm.nih.gov/33761277
https://doi.org/10.1371/journal.pone.0267315
https://pubmed.ncbi.nlm.nih.gov/35486610
https://doi.org/10.5271/sjweh.3992
https://doi.org/10.5271/sjweh.3992
https://pubmed.ncbi.nlm.nih.gov/34665872
https://doi.org/10.1101/2020.05.04.20090506
https://doi.org/10.1101/2020.05.04.20090506
https://doi.org/10.1097/EDE.0000000000001438
https://doi.org/10.1097/EDE.0000000000001438
https://pubmed.ncbi.nlm.nih.gov/34799477


200 Scand J Work Environ Health, vol 49, no 3

Covid-19 in spouses

Oct;48(5):1413–1413k. https://doi.org/10.1093/ije/dyz110.

15. Statistik D. Danmarks Statistiks Fagklassifikation 
(DISCO-08) v1:2010 Copenhagen: Statistics Denmark; 
2010 [cited 2022 01.03.2022]. Available from: https://www.
dst.dk/da/Statistik/dokumentation/nomenklaturer/disco.

16. Oude Hengel KM, Burdorf A, Pronk A, Schlünssen V, 
Stokholm ZA, Kolstad HA et al. Exposure to a SARS-CoV-2 
infection at work: development of an international job 
exposure matrix (COVID-19-JEM). Scand J Work Environ 
Health 2022 Jan;48(1):61–70. https://doi.org/10.5271/
sjweh.3998.

17. Bondo Petersen S, Flachs EM, Prescott EI, Tjønneland A, 
Osler M, Andersen I et al. Job-exposure matrices addressing 
lifestyle to be applied in register-based occupational health 
studies. Occup Environ Med 2018 Dec;75(12):890–7. 
https://doi.org/10.1136/oemed-2018-104991.

18. VanderWeele TJ. Principles of confounder selection. Eur J 
Epidemiol 2019 Mar;34(3):211–9. https://doi.org/10.1007/
s10654-019-00494-6.

19. Curmei M, Ilyas A, Evans O, Steinhardt J. Constructing and 
adjusting estimates for household transmission of SARS-
CoV-2 from prior studies, widespread-testing and contact-
tracing data. Int J Epidemiol 2021 Nov;50(5):1444–57. 
https://doi.org/10.1093/ije/dyab108.

20. Murti M, Achonu C, Smith BT, Brown KA, Kim JH, 
Johnson J et al. COVID-19 Workplace Outbreaks 
by Industry Sector and Their Associated Household 
Transmission, Ontario, Canada, January to June, 2020. J 
Occup Environ Med 2021 Jul;63(7):574–80. https://doi.
org/10.1097/JOM.0000000000002201.

21. Martin CA, Jenkins DR, Minhas JS, Gray LJ, Tang J, 
Williams C et al.; Leicester COVID-19 consortium. 
Socio-demographic heterogeneity in the prevalence of 
COVID-19 during lockdown is associated with ethnicity 
and household size: results from an observational cohort 
study. EClinicalMedicine 2020 Aug;25:100466. https://doi.
org/10.1016/j.eclinm.2020.100466.

22. von Seidlein L, Alabaster G, Deen J, Knudsen J. 
Crowding has consequences: prevention and management 
of COVID-19 in informal urban settlements. Build 
Environ 2021 Jan;188:107472. https://doi.org/10.1016/j.
buildenv.2020.107472.

23. Mitze T, Kosfeld R. The propagation effect of commuting 
to work in the spatial transmission of COVID-19. J Geogr 
Syst 2022;24(1):5–31. https://doi.org/10.1007/s10109-021-
00349-3.

24. Francetic I, Munford L. Corona and coffee on your 
commute: a spatial analysis of COVID-19 mortality and 
commuting flows in England in 2020. Eur J Public Health 
2021 Oct;31(4):901–7. https://doi.org/10.1093/eurpub/
ckab072.

25. Schroeder ME, Manderski MT, Amro C, Swaminathan S, 
Parekh A, Yoshitake S et al. Large Gathering Attendance is 
Associated with Increased Odds of Contracting COVID-19: 
A Survey Based Study. J Prev (2022) 2022;43(2):157-66. 
doi: https://doi.org/10.1007/s10935-021-00665-w.

26. Ip HS, Griffin KM, Messer JD, Winzeler ME, Shriner 
SA, Killian ML et al. An Opportunistic Survey Reveals 
an Unexpected Coronavirus Diversity Hotspot in North 
America. Viruses 2021 Oct;13(10):2016. https://doi.
org/10.3390/v13102016.

27. COVID-19 og arbejdsskader Copenhagen: Arbejdsmarkedets 
erhvervssikring. [COVID-19 and work-related cases 
Copenhagen: Labor market occupational insurance] 
Available from: https://www.aes.dk/typer-af-arbejdsskader/
covid-19-og-arbejdsskader.

28. Barman Roy D, Gupta V, Tomar S, Gupta G, Biswas A, 
Ranjan P et al. Epidemiology and Risk Factors of COVID-
19-Related Mortality. Cureus 2021 Dec;13(12):e20072. 
https://doi.org/10.7759/cureus.20072.

29. Sahni S, Gupta G, Sarda R, Pandey S, Pandey RM, Sinha 
S. Impact of metabolic and cardiovascular disease on 
COVID-19 mortality: A systematic review and meta-
analysis. Diabetes Metab Syndr 2021;15(6):102308. https://
doi.org/10.1016/j.dsx.2021.102308.

30. Fabreau GE, Holdbrook L, Peters CE, Ronksley PE, 
Attaran A, McBrien K et al. Vaccines alone will not 
prevent COVID-19 outbreaks among migrant workers-
the example of meat processing plants. Clin Microbiol 
Infect 2022 Jun;28(6):773–8. https://doi.org/10.1016/j.
cmi.2022.02.004.

Received for publication: 8 September 2022

https://doi.org/10.1093/ije/dyz110
https://pubmed.ncbi.nlm.nih.gov/31730707
https://www.dst.dk/da/Statistik/dokumentation/nomenklaturer/disco.
https://www.dst.dk/da/Statistik/dokumentation/nomenklaturer/disco.
https://doi.org/10.5271/sjweh.3998
https://doi.org/10.5271/sjweh.3998
https://pubmed.ncbi.nlm.nih.gov/34788471
https://doi.org/10.1136/oemed-2018-104991
https://pubmed.ncbi.nlm.nih.gov/30173143
https://doi.org/10.1007/s10654-019-00494-6
https://doi.org/10.1007/s10654-019-00494-6
https://pubmed.ncbi.nlm.nih.gov/30840181
https://doi.org/10.1093/ije/dyab108
https://pubmed.ncbi.nlm.nih.gov/34151970
https://doi.org/10.1097/JOM.0000000000002201
https://doi.org/10.1097/JOM.0000000000002201
https://pubmed.ncbi.nlm.nih.gov/33950040
https://doi.org/10.1016/j.eclinm.2020.100466
https://doi.org/10.1016/j.eclinm.2020.100466
https://pubmed.ncbi.nlm.nih.gov/32840492
https://doi.org/10.1016/j.buildenv.2020.107472
https://doi.org/10.1016/j.buildenv.2020.107472
https://pubmed.ncbi.nlm.nih.gov/33250561
https://doi.org/10.1007/s10109-021-00349-3
https://doi.org/10.1007/s10109-021-00349-3
https://pubmed.ncbi.nlm.nih.gov/34054336
https://doi.org/10.1093/eurpub/ckab072
https://doi.org/10.1093/eurpub/ckab072
https://pubmed.ncbi.nlm.nih.gov/33871592
https://doi.org/10.1007/s10935-021-00665-w
https://doi.org/10.3390/v13102016
https://doi.org/10.3390/v13102016
https://pubmed.ncbi.nlm.nih.gov/34696445
https://www.aes.dk/typer-af-arbejdsskader/covid-19-og-arbejdsskader.
https://www.aes.dk/typer-af-arbejdsskader/covid-19-og-arbejdsskader.
https://doi.org/10.7759/cureus.20072
https://pubmed.ncbi.nlm.nih.gov/34987936
https://doi.org/10.1016/j.dsx.2021.102308
https://doi.org/10.1016/j.dsx.2021.102308
https://pubmed.ncbi.nlm.nih.gov/34673359
https://doi.org/10.1016/j.cmi.2022.02.004
https://doi.org/10.1016/j.cmi.2022.02.004

