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ABSTRACT
Objectives Risk of SARS- CoV- 2 infection varies 
across occupations; however, investigation into factors 
underlying differential risk is limited. We aimed to 
estimate the total effect of occupation on SARS- CoV- 2 
serological status, whether this is mediated by workplace 
close contact, and how exposure to poorly ventilated 
workplaces varied across occupations.
Methods We used data from a subcohort (n=3775) 
of adults in the UK- based Virus Watch cohort study 
who were tested for SARS- CoV- 2 anti- nucleocapsid 
antibodies (indicating natural infection). We used logistic 
decomposition to investigate the relationship between 
occupation, contact and seropositivity, and logistic 
regression to investigate exposure to poorly ventilated 
workplaces.
Results Seropositivity was 17.1% among workers with 
daily close contact vs 10.0% for those with no work- 
related close contact. Compared with other professional 
occupations, healthcare, indoor trade/process/
plant, leisure/personal service, and transport/mobile 
machine workers had elevated adjusted total odds of 
seropositivity (1.80 (1.03 to 3.14) − 2.46 (1.82 to 3.33)). 
Work- related contact accounted for a variable part of 
increased odds across occupations (1.04 (1.01 to 1.08) 
− 1.23 (1.09 to 1.40)). Occupations with raised odds of 
infection after accounting for work- related contact also 
had greater exposure to poorly ventilated workplaces.
Conclusions Work- related close contact appears to 
contribute to occupational variation in seropositivity. 
Reducing contact in workplaces is an important 
COVID- 19 control measure.

INTRODUCTION
Occupation is a major determinant of health,1 and 
is hypothesised to drive exposure to SARS- CoV- 2 
during the current pandemic by influencing people’s 
ability to work from home, practice social distancing 
and work in well- ventilated conditions.2–4

Substantial occupational differences in severe 
illness and mortality have emerged worldwide,5–9 
with official statistics in the UK, USA, Sweden 
and Brazil identifying excess risk for various 
occupational groups, including healthcare3 9–11 
and care- related occupations,3 6–9 transportation 
workers,3 6–10 12 essential trades and process/plant 

occupations,3 6–9 11 personal service occupa-
tions3 6–9 11 and protective service workers3 9 11 
compared with other occupations or the general 
population. These occupational groups are broadly 
patient or public facing and/or require work outside 
the home,2–4 potentially increasing SARS- CoV- 2 
exposure risk. Occupational differences in severe 
illness and COVID- 19 mortality may be related 
to workplace exposure, but this cannot be easily 
inferred from such studies.

Emerging evidence suggests that infection risk 
varies substantially across occupations. Rates of 

Key messages

What is already known about this subject?
 ⇒ SARS- CoV- 2 infection risk appears to vary 
across occupational groups, with official 
statistics and research findings across a range 
of global regions demonstrating elevated risk 
for healthcare, social care, transport, and food 
service and other personal service workers. 
Elevated infection risk in these occupations 
was hypothesised to be influenced by in- person 
workplace attendance and/or contact with 
patients or the public across studies.

What are the new findings?
 ⇒ We investigated the effect of occupation on 
natural infection- related seropositivity (up to 
June 2021) from a cohort in England and Wales, 
building on previous studies by controlling 
for a range of potential confounders and 
investigating the mediating effect of work- 
related contact. Workers in healthcare, indoor 
trade, process and plant, and leisure and 
personal service occupations had elevated total 
odds of seropositivity for SARS- CoV- 2 natural 
infection. Work- related contact accounted for a 
variable proportion of the relationship between 
occupation and odds of seropositivity across 
occupational groups. Occupational groups in 
which a direct effect remained after adjustment 
for non- household contact reported greater 
odds of frequent exposure to poorly ventilated 
workplaces.
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antigen test positivity and nucleocapsid antibody seropos-
itivity in healthcare workers—who are at high risk of contact 
with infectious individuals3 —usually exceed those observed in 
the general population but vary across study populations.13–20 
However, estimates were largely drawn from the initial phase 
of the pandemic, when access to personal protective equipment 
(PPE) was variable and healthcare workers had greater access 
to SARS- CoV- 2 testing than the general population.2 Early 
evidence from contact tracing21 and routine population testing22 
including a range of occupations across several global regions 
suggested workplaces as a common plausible location of trans-
mission, with cases higher among occupations involving public 
exposure, including transport, hospitality, cleaning and service 
occupations.

Studies investigating occupational differences in COVID- 19 
risk based on only the first pandemic wave, which comprises 
most of the existing literature, should be interpreted with 
caution due to changes in differential risk by occupation across 
pandemic waves. In the UK, employer- submitted reports of 
COVID- 19 cases plausibly linked to the workplace23 24 primarily 
involved health and social care workers in the first pandemic 
wave compared with education and manufacturing workers in 
the second pandemic wave. Although reporting bias may have 
influenced these findings, patient- facing healthcare and care 
workers participating in a randomly sampled antigen testing 
study demonstrated higher rates of current infection than other 
workers in May 2020 but at no subsequent round of monthly 
testing up to November 2020.15 A serosurvey of all Norwegian 
adults (≥20 years)25 similarly found greater odds of seroposi-
tivity in the first wave for healthcare and transport workers 
compared with the general population, and in the second wave 
for food service workers, transport workers and travel stewards, 
adjusting for age, sex, testing behaviour and maternal country of 
birth. These temporal changes likely reflect the impact of wide-
spread community transmission and of changing employment 
and ‘lockdown’ measures.

Few current estimates of differential infection risk across 
occupations are adjusted for potential sociodemographic 
confounders, such as deprivation. Furthermore, epidemiolog-
ical investigation into the mechanisms underlying occupational 
differences in SARS- CoV- 2 infection risk, required to inform 
evidence- based public health interventions, is lacking. The UK 
Office for National Statistics (ONS) Coronavirus Infection 
Survey found little evidence of differential risk of antigen test 
positivity across occupations (01 September 2020–7 January 
2021) after adjusting for a range of sociodemographic factors and 

the ability to work from home and socially distance at work.26 
While the study tentatively concluded that contact driven by 
workplace attendance and ability to socially distance is likely an 
important driver of occupational differences—and consequently 
that controlling for these factors suppressed occupational differ-
ences—this hypothesis could not be directly tested and disag-
gregated from the effects of other sociodemographic factors. A 
prospective serological study of workers from several institu-
tions representing different sectors (healthcare workers, office 
workers and police) in Milan, Italy up to October 2020 found 
that workers who continued to travel to their workplace and had 
daily work- related contact with more than 10 other people and/
or direct contact with patients with COVID- 19 had elevated risk 
of seropositivity, after adjustment for age and prior experience 
of COVID- 19 symptoms.27 Further investigation into the effect 
of workplace contact, including a broader range of occupational 
groups and later phases of the pandemic, is required.

Building on this evidence, we aimed to address gaps in the 
literature around occupational differences in SARS- CoV- 2 infec-
tion risk using data from the Virus Watch28 community cohort 
study in England and Wales. Specific research questions were:
1. How do odds of SARS- CoV- 2 anti- nucleocapsid seropositiv-

ity vary across occupations? (primary objective)
2. Does frequency of work- related close contact mediate the 

relationship between occupation and seropositivity? (prima-
ry objective)

3. How does exposure to poorly ventilated environments vary 
across occupations? (secondary objective)

METHODS
Participants
Participants in the current study were a subset of the Virus Watch 
Study cohort. Virus Watch is a community prospective cohort 
study of acute respiratory infection syndromes and SARS- CoV- 2 
infection in England and Wales (n=50 765 as of 08 June 2021). 
The study includes weekly reporting of symptoms, testing and 
vaccination status, as well as detailed monthly questionnaires 
around sociodemographic, health- related and psychosocial/
behavioural factors. The eligibility criteria, recruitment strategy, 
aims and procedures for the Virus Watch Study have been 
described in detail elsewhere,28 with relevant elements for the 
present study outlined here.

Participants in the present study comprised of adults (≥18 
years) who conducted monthly antibody testing in addition to 
completing the main study surveys. Participants were eligible for 
inclusion in the present study if:
1. They self- reported their occupation upon study registration.
2. They had a valid antibody test result conducted between 01 

February 2021 and 08 June 2021.
3. They responded to the February 2021 monthly survey re-

garding features of work during the pandemic.

Exposure
Occupation, the exposure of interest, was semiautomatically 
coded based on responses to the Virus Watch baseline survey 
using Cascot V.5.6.329 30 —the UK ONS- recommended occu-
pational coding software—and collapsed into the following 
categories based on UK Standard Occupational Classification 
2020 codes30 31: administrative and secretarial occupations; 
healthcare occupations; indoor trade, process and plant occu-
pations; leisure and personal service occupations; managers, 
directors, and senior officials; outdoor trade occupations; sales 
and customer service occupations; social care and community 

Key messages

How might this impact on policy or clinical practice in the 
foreseeable future?

 ⇒ Current evidence suggests that work- related contact with 
non- household members is an important factor influencing 
differential risk of SARS- CoV- 2 across occupations. Reducing 
frequency of work- related contact by supporting working 
from home where possible and implementing social 
distancing and other risk mitigation methods in workplaces 
is likely to influence work- related SARS- CoV- 2 transmission. 
Further inquiry into the inter- relationship between work- 
related contact and other features of the workplace, including 
ventilation, is warranted to inform public health interventions 
and policy.
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protective services; teaching education and childcare occu-
pations; transport and mobile machine operatives; and other 
professional and associate occupations (professional and asso-
ciate professional occupations excluding healthcare, teaching, 
and social care/community protective services). Please see ‘Occu-
pational Classification’ in the online supplemental materials for 
further methodological details of exposure classification.

Outcome
The primary outcome was binary serological status (positive 
vs negative) for SARS- CoV- 2 anti- nucleocapsid antibodies—a 
marker of natural infection. Serological status was determined 
using self- administered capillary samples which were labora-
tory tested using the Roche Elecsys anti- N total immunoglob-
ulin assay (cut- off index ≥0.1 indicating seropositivity). Void 
(invalid) results were excluded. Participants who provided 
multiple samples were considered seropositive if any sample was 
above the cut- off value.

The secondary outcome was frequency of workplace expo-
sure to poorly ventilated environments, based on the following 
question in the February monthly survey: ‘How often do you 
work indoors in an environment that is never or rarely ventilated 
(windows or doors opened to let in fresh air or mechanical venti-
lation system)?’ Responses were classified as Never (never/not 
applicable), Intermediate (once a month or more—once a week 
or more but not every day) and Every Day.

Potential mediator
Frequency of work- related close contact was classified as follows 
according to participants’ responses to the following question 
in the February monthly survey, with responses corresponding 
to their current work situation at the time of the survey: ‘How 
often does (name/surname)’s work require close contact with 
others (within 2 m, including with precautions)?’: Never (never/
not applicable for example, work from home), Intermediate 
(once a month or more—once a week or more but not every 
day) and Every Day. This question was displayed to participants 
who reported being in full- time or part- time employment or self- 
employment at the time of the survey.

Covariates
We identified potential confounders based on a purpose- 
developed directed acyclic graph (online supplemental figure 
S2) and the VanderWeele principle of confounder selection.32 
The following covariates were included to provide a minimally 
adjusted unbiased estimate of the total and direct effects of occu-
pation, with data drawn from the Virus Watch baseline regis-
tration questionnaire: age (<25, 30–39, 40–49, 50–59, 60+ 
years), sex at birth, minority ethnicity (white British vs other), 
geographical region (ONS national region) and deprivation based 
on annual household income (£0–24 900, £25 000–£49 999, 
£50 000–£75 000 and £75 000+). Based on our directed acyclic 
graph, the effects of other key sociodemographic confounders—
such as ethnicity, household size and underlying health condi-
tions—were addressed through the covariates included in our 
analyses (see online supplemental figure S2).

Statistical analyses
For all analyses, ‘other professional and associate’—the most 
prevalent occupational group (table 1)—was used as the refer-
ence category. This group broadly comprised of pre- pandemic 
office- based/non- frontline occupations (online supplemental 
table S1) and, following similar selection criteria to previous 

studies of occupation and COVID- 19 outcomes,5 10 22 was 
selected to provide comparison to a large group with plausibly 
low work- related exposure and absolute infection risk (online 
supplemental table S2). We investigated the total effect of occu-
pation on serological status and potential mediation by frequency 

Table 1 Demographic features of participants

Characteristic Virus Watch full cohort
Current study 
participants

N=50 765* N=3775*

Age

  <30 11 842 (23%) 212 (5.6%)

  30–39 5411 (11%) 468 (12%)

  40–49 6198 (12%) 782 (21%)

  50–59 8186 (16%) 1302 (34%)

  60+ 19 128 (38%) 1011 (27%)

Sex

  Female 23 427 (46%) 2134 (57%)

  Male 18 884 (37%) 1635 (43%)

  Unknown 8454 (17%) 6 (0.2%)

Occupation

  Administrative and secretarial 2056 (4.1%) 496 (13%)

  Healthcare 1225 (2.4%) 327 (8.7%)

  Indoor trades, process and plant 1099 (2.2%) 241 (6.4%)

  Leisure and personal service 819 (1.6%) 146 (3.9%)

  Managers, directors and senior officials 1352 (2.7%) 319 (8.5%)

  Other professional and associate 5403 (10.6%) 1301 (34.0%)

  Outdoor trades 326 (0.6%) 85 (2.3%)

  Sales and customer service 876 (1.7%) 169 (4.5%)

  Social care and community protective services 875 (1.7%) 185 (4.9%)

  Teaching, education and childcare 1896 (3.7%) 430 (11%)

  Transport and mobile machine 382 (0.8%) 76 (2.0%)

  Not in employment (≥16 years)† 14 731 (29.0%) 0 (0.0%)

  Child (≤15 years)‡ 6548 (12.9%) 0 (0.0%)

  Unknown or unable to code 13 177 (26.0%) 0 (0.0%)

Ethnicity

  White British 34 196 (67.4%) 3299 (87%)

  White Irish 601 (1.2%) 47 (1.2%)

  White Other 2536 (5.0%) 265 (7.0%)

  South Asian 2687 (5.3%) 57 (1.5%)

  Other Asian 397 (0.8%) 23 (0.6%)

  Black 468 (0.9%) 17 (0.5%)

  Mixed 891 (1.7%) 44 (1.2%)

  Other ethnicity 261 (0.5%) 13 (0.3%)

  Unknown 8728 (17.2%) 10 (0.3%)

Household income

  £0–£24 999 9907 (19.5%) 525 (14%)

  £25 000–£49 999 11 893 (23.4%) 1159 (31%)

  £50 000–£74 999 7271 (14.3%) 899 (24%)

  £75 000+ 7790 (15.3%) 968 (26%)

  Unknown 13 904 (27.4%) 219 (5.8%)

Region

  East Midlands 4183 (8.2%) 327 (8.7%)

  East of England 9433 (19%) 865 (23%)

  London 8444 (17%) 560 (15%)

  North East 2218 (4.4%) 158 (4.2%)

  North West 4670 (9.2%) 411 (11%)

  South East 8346 (16%) 767 (20%)

  South West 3141 (6.2%) 251 (6.6%)

  Wales 1043 (2.1%) 68 (1.8%)

  West Midlands 2350 (4.6%) 188 (5.0%)

  Yorkshire and The Humber 2483 (4.9%) 180 (4.8%)

  Unknown 4454 (8.8%) 0 (0.0%)

*n (%).
†See figure 1 for further detail.
‡Not asked about employment.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
ed-2021-107920 on 21 A

pril 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/oemed-2021-107920
https://dx.doi.org/10.1136/oemed-2021-107920
https://dx.doi.org/10.1136/oemed-2021-107920
https://dx.doi.org/10.1136/oemed-2021-107920
https://dx.doi.org/10.1136/oemed-2021-107920
https://dx.doi.org/10.1136/oemed-2021-107920
https://dx.doi.org/10.1136/oemed-2021-107920
https://dx.doi.org/10.1136/oemed-2021-107920
http://oem.bmj.com/


732 Beale S, et al. Occup Environ Med 2022;79:729–735. doi:10.1136/oemed-2021-107920

Workplace

of work- related close contact controlling for age, sex, ethnicity, 
region and household income (see online supplemental figure 
S2) using the Buis33 34 logistic decomposition method with the 
ldecomp command in Stata V.16.

We investigated the relationship between occupation and 
frequency of exposure to poorly ventilated workplaces using 
ordered logistic regression. This model was not adjusted for 
sociodemographic factors as a relationship between these factors 
and exposure to poorly ventilated workspaces was assumed to 
occur due to occupation. While poor workplace ventilation is a 
plausible moderator of the indirect effect of workplace contact, 
it was not included in a moderated- mediation model as it was not 
possible to determine if the close contacts reported also occurred 
in poorly ventilated spaces and lack of statistical power.

There were no missing data for occupation, workplace contact 
frequency, age or national region. Minimal data were missing 
for workplace exposure to poor ventilation (0.6%, n=24), sex 
(0.2%, n=6) and ethnicity (0.3%, n=10). Household income 
was missing for 5.8% of participants (n=219); available data 

were entered into models. We conducted a sensitivity analysis 
after performing multivariate imputation by chained equations 
(mice package in R V.4.0.3) with 5 datasets with 50 iterations 
per dataset to sociodemographic covariates for the mediation 
models.

RESULTS
Selection of participants for inclusion in the present study is illus-
trated in figure 1. Table 1 reports demographic features of the 
full Virus Watch cohort (n=50 765) and of participants included 
in the present study (n=3775).

Total effect of occupation on SARS-CoV-2 serological status
The proportion of seropositive and seronegative participants by 
occupation is reported in online supplemental table S2. Logistic 
regression adjusted for age, sex, ethnicity, household income and 
national region (table 2 (total effect)) found that participants 
employed in healthcare professions (OR=2.46, 95% CI 1.82 to 

Figure 1 Flow diagram of participant eligibility.

Table 2 ORs for total, indirect and direct effects

Total* Indirect* Direct*

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Other professional and associate Ref Ref Ref Ref Ref Ref Ref Ref Ref

Administrative and secretarial 1.29 0.89 to 1.85 0.18 1.04 1.01 to 1.08 0.01 1.23 0.85 to 1.78 0.27

Healthcare 2.46 1.82 to 3.33 <0.001 1.23 1.09 to 1.40 0.001 2.00 1.43 to 2.79 <0.001

Indoor trades, process and plant 2.07 1.38 to 3.12 <0.001 1.17 1.06 to 1.30 0.003 1.77 1.16 to 2.69 0.01

Leisure and personal service 1.80 1.03 to 3.14 0.04 1.14 1.04 to 1.25 0.01 1.58 0.92 to 2.74 0.10

Managers, directors and senior officials 1.17 0.78 to 1.77 0.45 1.04 1.003 to 1.08 0.03 1.13 0.75 to 1.69 0.56

Outdoor trades 1.61 0.83 to 3.10 0.16 1.13 1.04 to 1.23 0.005 1.42 0.74 to 2.75 0.29

Sales and customer service 1.53 0.87 to 2.67 0.14 1.11 1.04 to 1.18 0.002 1.38 0.78 to 2.45 0.27

Social care and community protective services 1.41 0.86 to 2.32 0.18 1.12 1.04 to 1.21 0.005 1.26 0.75 to 2.12 0.38

Teaching, education and childcare 1.17 0.85 to 1.61 0.33 1.12 1.04 to 1.21 0.002 1.04 0.75 to 1.46 0.80

Transport and mobile machine 2.17 1.04 to 4.50 0.04 1.23 1.08 to 1.40 0.002 1.77 0.87 to 3.61 0.12

*Total effect=the effect of occupation prior to adjustment for the mediator (work- related close contact); indirect effect=the effect of occupation on odds of seropositivity mediated through work- 
related close contact; direct effect=the effect of occupation excluding mediation by work- related close contact.
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3.33), indoor trade, process and plant occupations (OR=2.07, 
95% CI 1.38 to 3.12), leisure and personal service occupations 
(OR=1.23, 95% CI 1.03 to 3.14), and transport and mobile 
machine operatives (OR=2.17, 95% CI 1.04 to 4.50) had 
greater total odds of SARS- CoV- 2 seropositivity compared with 
participants in the ‘other professional and associate’ category.

Mediation analysis for workplace contact frequency
Workplace contact frequency by occupation is reported in online 
supplemental table S3. Anti- nucleocapsid seropositivity was 
17.1% (123 of 721) among workers with daily close contact, 
compared with 13.2% (125 of 950) for those with intermediate- 
frequency contact and 10.0% (210 of 2104) for those who 
worked from home or never had close contact with others at 
work (online supplemental table S3). Results of the models for 
the indirect and the direct effects are reported in table 2. There 
were positive indirect effects (ie, OR >1.00) with bootstrapped 
CIs that excluded the value one across occupational groups, 
suggesting mediation of the occupation–seropositivity relation-
ship by work- related contact frequency (OR range 1.04 (95% CI 
1.003 to 1.08) − 1.23 (95% CI 1.09 to 1.40)). After accounting 
for the indirect effect of workplace contact frequency, a posi-
tive direct effect of occupation on serological status remained 
for healthcare professions (OR 2.00, 95% CI 1.43 to 2.79), and 
indoor trade, process and plant occupations (OR 1.77, 95% CI 
1.16 to 2.69) (table 2). Consistent results were obtained in the 
sensitivity analysis with missing sociodemographic data imputed 
(online supplemental table S4).

Exposure to poorly ventilated environments by occupation
Frequency of exposure to poorly ventilated environments is 
reported in online supplemental table S5. Anti- nucleocapsid 
seropositivity was 18.4% (75 of 408) among those who had 
daily exposure to poorly ventilated workplaces, compared 
with 13.2% (67 of 508) of those with intermediate exposure 
and 11.0% (312 of 2835) of those who never had exposure to 
poorly ventilated workplaces (further detail in online supple-
mental table S5). Ordered logistic regression (figure 2 and online 
supplemental table S6) indicated that—compared with partici-
pants in the ‘other professional and associate’ category—partic-
ipants employed in healthcare professions (OR=2.50, 95% 
CI 1.94 to 3.22), indoor trade, process and plant occupations 

(OR=1.71, 95% CI 1.27 to 2.30), leisure and personal service 
occupations (OR=1.60, 95% CI 1.09 to 2.35), and sales and 
customer service occupations (OR=1.74, 95% CI 1.23 to 2.45) 
had elevated crude odds of more frequent exposure to poorly 
ventilated workplace environments.

DISCUSSION
Main findings of this study
Findings from this prospective cohort study in England and Wales 
indicated that healthcare workers, indoor trade, process and 
plant workers, leisure and personal service workers, and trans-
port and mobile machine operatives had around twice the total 
odds of seropositivity compared with participants in other profes-
sional and associate occupations, adjusted for age, sex, ethnicity, 
household income and national region. Anti- nucleocapsid sero-
positivity was highest among those with daily close contact at 
work (17%) and lowest in those who never had work- related 
close contact (10%). Frequency of work- related close contact 
explained a variable but substantial part of the increased odds of 
infection in high- risk occupational groups. After accounting for 
workplace close contact, healthcare workers and indoor trade, 
process and plant workers had residual increased odds of infec-
tion, suggesting that other work- related factors also contribute 
to their increased risk.35 Healthcare workers and indoor trade, 
process and plant workers also had greater odds of reporting 
frequent exposure to poor indoor ventilation at work. Medi-
ation models based on observational data must be interpreted 
with caution in relation to causal inference (see further discus-
sion in online supplemental materials). Nevertheless, the finding 
that workplace contact frequency explains a considerable part of 
the variation in occupational risk is biologically plausible given 
the transmission routes of SARS- CoV- 2.36 37

Strengths and limitations
Key strengths of this work include objective measurement of prior 
infection status through nucleocapsid antibody testing, which 
should be unaffected by vaccination. This provides a cumula-
tive measure of infection risk through the first and second waves 
of the pandemic in England and Wales. Furthermore, through 
use of a mediation model informed by a directed acyclic graph, 
we were able to investigate a putative mechanism for increased 

Figure 2 Crude ORs for frequency of exposure to poorly ventilated workplace by occupation.
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occupational risk—work- related close contact. Finally, we were 
able to investigate variation in exposure to poorly ventilated 
workplace settings across occupational groups.

Key limitations include that timing of infection cannot be 
ascertained, and that antibody waning may lead to false nega-
tive results.13 Frequency of work- related contact was measured 
during the second wave and may have changed over time. 
However, legislation and guidance around workplace closures 
were broadly similar for many occupations across periods with 
the highest levels of SARS- CoV- 2 transmission. Work- related 
contact frequency was self- reported in broad categories and 
could not fully account for risk- relevant features of contact—
such as the number and duration of close contacts or the pres-
ence of risk- mitigating methods such as PPE—or distinguish 
those who worked from home from those who attend work-
places but never have close contact. Notably, differential access 
to effective PPE at work plausibly moderates the effect of direct 
and indirect contact on infection risk, and is an important area 
for further investigation. We were also unable to assign a source 
(eg, colleagues and/or the public) of close contact at work, and 
this is recommended for future work in order to inform sector- 
specific interventions.

Relatively small sizes of some occupational groups likely 
impacted the precision of estimates. Some covariates required 
broad categorisation to retain statistical power, and the complex 
inter- relationships and challenges measuring sociodemographic 
confounders make excluding confounding effects difficult. We 
did not control for vaccination, although many working- age 
adults—excluding healthcare workers—would be unvaccinated 
during the study period. Further, confounding by occupation- 
related non- workplace contact, for example, using public trans-
port to reach work, is plausible. Nevertheless, our findings 
suggest that work- related close contact is an important explan-
atory variable for differential infection risk across occupational 
groups.

Reporting of workplace contact frequency and ventilation 
may have been affected by recall bias. We lacked appropri-
ately detailed measurement and power to include ventilation 
within the mediation model. Detailed features and effectiveness 
of mechanical ventilation are likely to be difficult for a non- 
specialist to assess. We were not able to directly explore what 
accounted for the residual risk in healthcare workers and indoor 
trade and process and plant workers.

Finally, it should be noted that this analysis covers periods of 
intense restrictions. Occupational patterns are likely to change 
considerably as restrictions are lifted.

What is already known on this topic and what this study adds
The elevated total odds of seropositivity identified in the present 
study among healthcare workers, indoor trade, process and 
plant occupations, leisure and personal service occupations, and 
transportation occupations broadly corroborate previous find-
ings in the UK and worldwide indicating elevated risk of infec-
tion19 21–25 in similar groups. These findings support and build 
on the important role of work- related contact suggested in the 
ONS Coronavirus Infection Survey.26 Differential infection risk 
influenced by work- related contact could plausibly contribute to 
variations in occupational morbidity and mortality observed in 
other studies.5–9 12 Working from home may drastically reduce 
this occupational risk and contribute to reducing infections. 
However, differential ability to work from home may exacer-
bate occupational and social inequalities. The extent to which 
work from home should continue to be encouraged as other 

restrictions are lifted is an important consideration for society 
globally. Reducing footfall and maintaining social distancing in 
the workplace may also be important. The relative importance 
of these measures will depend on infection levels, vaccination 
levels and the effectiveness of vaccines against current and future 
variants of SARS- CoV- 2.

High risk in healthcare workers is well described previ-
ously,13–20 though accounting for variation between specific 
occupations and over time due to changing PPE provision and 
infection control practices was beyond the scope of this study. 
Measures to improve ventilation are likely to be important for 
control of nosocomial transmission of SARS- CoV- 2 and other 
respiratory infections. Residual risk in indoor trade and process 
and plant workers, combined with greater self- reported expo-
sure to poor ventilation, also represents an important area for 
further investigation and modification to reduce risk. The extent 
and effectiveness of ventilation is likely to vary considerably 
according to the design of such workplaces.

CONCLUSION
This study was able to compare occupational risk of SARS- CoV- 2 
infection after controlling for a range of sociodemographic 
confounders, and indicates that occupation has an important 
independent association with SARS- CoV- 2 infection. Frequency 
of close contact at work is suggested to explain a considerable 
amount of this variation. Reducing work- related close contact 
through measures such as social distancing and working from 
home is likely to have played an important role in controlling 
COVID- 19 transmission. Poor ventilation in some workplace 
settings may also contribute to risk, and presents an important 
area for further inquiry.

Collaborators Virus Watch Collaborative: Anne M Johnson, Linda Wijlaars, 
Pia Hardelid, Eleni Nastouli, Moira Spyer, Ben Killingley, Ingemar Cox, Vasileios 
Lampos, Susan Michie, Rachel A McKendry, Tao Cheng, Yunzhe Liu, Jo Gibbs, 
Richard Gilson.

Contributors SB—conceptualisation, methodology, investigation, formal analysis, 
data curation, writing (original draft). PP—conceptualisation, investigation, 
methodology, writing (review and editing). AR—methodology, writing (review 
and editing). IB—investigation, writing (review and editing). TB—investigation, 
writing (review and editing). WLEF—data curation, software, writing (review and 
editing). EF—conceptualisation, supervision, methodology, writing (review and 
editing). CG—data curation, software, writing (review and editing). JK—project 
administration, writing (review and editing). AN—data curation, software, writing 
(review and editing). VN—data curation, software, writing (review and editing). 
MS—investigation, writing (review and editing). AA—investigation, writing (review 
and editing). RA—conceptualisation, supervision, methodology, writing (review and 
editing), guarantorship. AH—conceptualisation, supervision, methodology, writing 
(review and editing), guarantorship.

Funding This work was supported by the MRC (Grant Ref: MC_PC 19070) awarded 
to UCL on 30 March 2020 and MRC (Grant Ref: MR/V028375/1) awarded on 17 
August 2020. The study also received $15 000 of Facebook advertising credit to 
support a pilot social media recruitment campaign on 18 August 2020. This study 
was supported by the Wellcome Trust through a Wellcome Clinical Research Career 
Development Fellowship to RA (206602). SB and TB are supported by an MRC 
doctoral studentship (MR/N013867/1).

Disclaimer The funders had no role in study design, data collection, analysis and 
interpretation, in the writing of this report, or in the decision to submit the paper for 
publication.

Competing interests AH serves on the UK New and Emerging Respiratory Virus 
Threats Advisory Group.

Patient consent for publication Not required.

Ethics approval The Virus Watch Study was approved by the Hampstead NHS 
Health Research Authority Ethics Committee (20/HRA/2320). Participants gave 
informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
ed-2021-107920 on 21 A

pril 2022. D
ow

nloaded from
 

http://oem.bmj.com/


735Beale S, et al. Occup Environ Med 2022;79:729–735. doi:10.1136/oemed-2021-107920

Workplace

Data availability statement No data are available. We aim to share aggregate 
data from this project on our website and via a ’Findings so far’ section on our 
website (https://ucl-virus-watch.net/). We will also be sharing individual record level 
data on a research data sharing service such as the Office for National Statistics 
Secure Research Service. In sharing the data, we will work within the principles set 
out in the UKRI guidance on best practice in the management of research data. 
Access to use of the data while research is being conducted will be managed by the 
chief investigators (AH and RA) in accordance with the principles set out in the UKRI 
guidance on best practice in the management of research data. We will put analysis 
code on publicly available repositories to enable their reuse.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iD
Sarah Beale http://orcid.org/0000-0002-4038-7460

REFERENCES
 1 Katikireddi SV, Leyland AH, McKee M, et al. Patterns of mortality by occupation in the 

UK, 1991- 2011: a comparative analysis of linked census and mortality records. Lancet 
Public Health 2017;2:e501–12.

 2 Cabinet office. COVID- 19 and occupation: position paper 48. Available: https://www. 
gov.uk/government/publications/covid-19-and-occupation-iiac-position-paper-48/ 
covid-19-and-occupation-position-paper-48 [Accessed 18 Jun 2021].

 3 Zhang M. Estimation of differential occupational risk of COVID- 19 by comparing risk 
factors with case data by occupational group. Am J Ind Med 2021;64:39–47.

 4 Office for National Statistics. Which occupations have the highest potential exposure 
to the coronavirus (COVID- 19)? 2020. Available: https://www.ons.gov.uk/employme 
ntandlabourmarket/peopleinwork/employmentandemployeetypes/articles/whichocc 
upationshavethehighestpotentialexposuretothecoronaviruscovid19/2020-05-11 
[Accessed 11 May 2021].

 5 Mutambudzi M, Niedzwiedz C, Macdonald EB, et al. Occupation and risk of severe 
COVID- 19: prospective cohort study of 120 075 UK Biobank participants. Occup 
Environ Med 2021;78:307–14.

 6 DBW- SA K. Coronavirus (COVID- 19) related deaths by occupation, England and Wales 
- Office for National Statistics, 2020. Available: https://www.ons.gov.uk/peoplepopula 
tionandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19re 
lateddeathsbyoccupationenglandandwales/deathsregistereduptoandincluding20ap 
ril2020 [Accessed 18 Jun 2021].

 7 DBW- SA B. Coronavirus (COVID- 19) related deaths by occupation, England and Wales 
- Office for National Statistics, 2020. Available: https://www.ons.gov.uk/peoplepopula 
tionandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19re 
lateddeathsbyoccupationenglandandwales/deathsregisteredbetween9marchand25ma 
y2020 [Accessed 18 Jun 2021].

 8 Coronavirus (COVID- 19) related deaths by occupation, England and Wales: deaths 
registered between 9 March and 28 December 2020 - Office for National Statistics. 
Available: https://www.ons.gov.uk/releases/coronaviruscovid19relateddeathsbyocc 
upationenglandandwalesdeathsregisteredbetween9marchand28december2020 
[Accessed 18 Jun 2021].

 9 Hawkins D, Davis L, Kriebel D. COVID- 19 deaths by occupation, Massachusetts, March 
1- July 31, 2020. Am J Ind Med 2021;64:238–44.

 10 Nafilyan V, Pawelek P, Ayoubkhani D. Occupation and COVID- 19 mortality in England: 
a national linked data study of 14.3 million adults. medRxiv 2021.

 11 De Negri F, Galiezz R, Miranda P. Socioeconomic factors and the probability of death 
by Covid- 19 in Brazil. J Public Health 2021.

 12 Billingsley S, Brandén M, Aradhya S. Deaths in the frontline: Occupation- specific 
COVID- 19 mortality risks in Sweden. In: Stockholm research reports in demography, 
2020.

 13 Ward H, Cooke G, Atchison C. Declining prevalence of antibody positivity to SARS- 
CoV- 2: a community study of 365,000 adults. medRxiv 2020.

 14 Chou R, Dana T, Buckley DI, et al. Epidemiology of and risk factors for coronavirus 
infection in health care workers: a living rapid review. Ann Intern Med 
2020;173:120–36.

 15 Riley S, Eales O, Walters CE. REACT- 1 round 7 interim report: fall in prevalence of 
swab- positivity in England during national lockdown. Medrxiv 2020.

 16 Galanis P, Vraka I, Fragkou D, et al. Seroprevalence of SARS- CoV- 2 antibodies and 
associated factors in healthcare workers: a systematic review and meta- analysis. J 
Hosp Infect 2021;108:120–34.

 17 Hossain A, Nasrullah SM, Tasnim Z, et al. Seroprevalence of SARS- CoV- 2 IgG 
antibodies among health care workers prior to vaccine administration in Europe, 
the USA and East Asia: a systematic review and meta- analysis. EClinicalMedicine 
2021;33:100770.

 18 Houlihan CF, Vora N, Byrne T, et al. Pandemic peak SARS- CoV- 2 infection and 
seroconversion rates in London frontline health- care workers. Lancet 2020;396:e6–7.

 19 Nguyen LH, Drew DA, Graham MS, et al. Risk of COVID- 19 among front- line health- 
care workers and the general community: a prospective cohort study. Lancet Public 
Health 2020;5:e475–83.

 20 Gholami M, Fawad I, Shadan S, et al. COVID- 19 and healthcare workers: a systematic 
review and meta- analysis. Int J Infect Dis 2021;104:335–46.

 21 Lan F- Y, Wei C- F, Hsu Y- T, et al. Work- Related COVID- 19 transmission in six Asian 
countries/areas: a follow- up study. PLoS One 2020;15:e0233588.

 22 de Gier B, de Oliveira Bressane Lima P, van Gaalen RD, et al. Occupation- and age- 
associated risk of SARS- CoV- 2 test positivity, the Netherlands, June to October 2020. 
Euro Surveill 2020;25:2001884.

 23 Health and Safety Executive. Technical summary of data - Coronavirus (COVID- 19) 
disease reports made by employers, 2020. Available: https://www.hse.gov.uk/ 
statistics/coronavirus/april-to-july-2020-technical-summary-of-data.htm [Accessed 18 
Jun 2021].

 24 Agius R. Disease and death from work: RIDDOR and covid- 19. Occup Med.
 25 Magnusson K, Nygård K, Methi F, et al. Occupational risk of COVID- 19 in the first 

versus second epidemic wave in Norway, 2020. Eurosurveillance 2021;26:2001875.
 26 Sutherl E, Fordham ZWA. Coronavirus (COVID- 19) Infection Survey - Office for 

National Statistics, 2021. Available: https://www.ons.gov.uk/peoplepopulationandc 
ommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19in 
fectionsinthecommunityinengland/characteristicsofpeopletestingpositiveforcovid19 
inengland22february2021 [Accessed 18 Jun 2021].

 27 Della Valle P, Fabbri M, Madotto F, et al. Occupational exposure in the Lombardy 
region (Italy) to SARS- CoV- 2 infection: results from the MUSTANG- OCCUPATION- 
COVID- 19 study. Int J Environ Res Public Health 2021;18. doi:10.3390/
ijerph18052567. [Epub ahead of print: 04 03 2021].

 28 Hayward A, Fragaszy E, Kovar J, et al. Risk factors, symptom reporting, healthcare- 
seeking behaviour and adherence to public health guidance: protocol for virus watch, 
a prospective community cohort study. BMJ Open 2021;11:e048042.

 29 Cascot: computer assisted structured coding tool. Available: https://warwick.ac.uk/fac/ 
soc/ier/software/cascot/ [Accessed 18 Jun 2021].

 30 Office for national statistics. SOC, 2020. Available: https://www.ons.gov.uk/ 
methodology/classificationsandstandards/standardoccupationalclassificationsoc/ 
soc2020 [Accessed 18 Jun 2021].

 31 Office for National Statistics. Soc 2020 volume 1: structure and descriptions of unit 
groups. Available: https://www.ons.gov.uk/methodology/classificationsandstandards/ 
standardoccupationalclassificationsoc/soc2020/soc2020volume1structureanddescri 
ptionsofunitgroups [Accessed 18 Jun 2021].

 32 VanderWeele TJ. Principles of confounder selection. Eur J Epidemiol 2019;34:211–9.
 33 Buis ML. Direct and indirect effects in a Logit model. Stata J 2010;10:11–29.
 34 Preacher KJ. Advances in mediation analysis: a survey and synthesis of new 

developments. Annu Rev Psychol 2015;66:825–52.
 35 Zhao X, Lynch JG, Chen Q. Reconsidering baron and Kenny: myths and truths about 

mediation analysis. J Consum Res 2010;37:197–206.
 36 World Health Organization. Transmission of SARS- CoV- 2: implications for infection 

prevention precautions: scientific brief, 09 July 2020. World Health organization, 
2020. Available: https://apps.who.int/iris/handle/10665/333114 [Accessed 18 Jun 
2021].

 37 Leung NHL. Transmissibility and transmission of respiratory viruses. Nat Rev Microbiol 
2021:1–18.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
ed-2021-107920 on 21 A

pril 2022. D
ow

nloaded from
 

https://ucl-virus-watch.net/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-4038-7460
http://dx.doi.org/10.1016/S2468-2667(17)30193-7
http://dx.doi.org/10.1016/S2468-2667(17)30193-7
https://www.gov.uk/government/publications/covid-19-and-occupation-iiac-position-paper-48/covid-19-and-occupation-position-paper-48
https://www.gov.uk/government/publications/covid-19-and-occupation-iiac-position-paper-48/covid-19-and-occupation-position-paper-48
https://www.gov.uk/government/publications/covid-19-and-occupation-iiac-position-paper-48/covid-19-and-occupation-position-paper-48
http://dx.doi.org/10.1002/ajim.23199
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/articles/whichoccupationshavethehighestpotentialexposuretothecoronaviruscovid19/2020-05-11
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/articles/whichoccupationshavethehighestpotentialexposuretothecoronaviruscovid19/2020-05-11
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/articles/whichoccupationshavethehighestpotentialexposuretothecoronaviruscovid19/2020-05-11
http://dx.doi.org/10.1136/oemed-2020-106731
http://dx.doi.org/10.1136/oemed-2020-106731
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19relateddeathsbyoccupationenglandandwales/deathsregistereduptoandincluding20april2020
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19relateddeathsbyoccupationenglandandwales/deathsregistereduptoandincluding20april2020
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19relateddeathsbyoccupationenglandandwales/deathsregistereduptoandincluding20april2020
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19relateddeathsbyoccupationenglandandwales/deathsregistereduptoandincluding20april2020
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19relateddeathsbyoccupationenglandandwales/deathsregisteredbetween9marchand25may2020
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19relateddeathsbyoccupationenglandandwales/deathsregisteredbetween9marchand25may2020
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19relateddeathsbyoccupationenglandandwales/deathsregisteredbetween9marchand25may2020
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/coronaviruscovid19relateddeathsbyoccupationenglandandwales/deathsregisteredbetween9marchand25may2020
https://www.ons.gov.uk/releases/coronaviruscovid19relateddeathsbyoccupationenglandandwalesdeathsregisteredbetween9marchand28december2020
https://www.ons.gov.uk/releases/coronaviruscovid19relateddeathsbyoccupationenglandandwalesdeathsregisteredbetween9marchand28december2020
http://dx.doi.org/10.1002/ajim.23227
http://dx.doi.org/10.1136/oemed-2021-107818
http://dx.doi.org/10.1093/pubmed/fdaa279
http://dx.doi.org/10.1101/2020.10.26.20219725
http://dx.doi.org/10.7326/M20-1632
http://dx.doi.org/10.1101/2020.11.30.20239806
http://dx.doi.org/10.1016/j.jhin.2020.11.008
http://dx.doi.org/10.1016/j.jhin.2020.11.008
http://dx.doi.org/10.1016/j.eclinm.2021.100770
http://dx.doi.org/10.1016/S0140-6736(20)31484-7
http://dx.doi.org/10.1016/S2468-2667(20)30164-X
http://dx.doi.org/10.1016/S2468-2667(20)30164-X
http://dx.doi.org/10.1016/j.ijid.2021.01.013
http://dx.doi.org/10.1371/journal.pone.0233588
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.50.2001884
https://www.hse.gov.uk/statistics/coronavirus/april-to-july-2020-technical-summary-of-data.htm
https://www.hse.gov.uk/statistics/coronavirus/april-to-july-2020-technical-summary-of-data.htm
http://dx.doi.org/10.1093/occmed/kqaa155
http://dx.doi.org/10.2807/1560-7917.ES.2021.26.40.2001875
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19infectionsinthecommunityinengland/characteristicsofpeopletestingpositiveforcovid19inengland22february2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19infectionsinthecommunityinengland/characteristicsofpeopletestingpositiveforcovid19inengland22february2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19infectionsinthecommunityinengland/characteristicsofpeopletestingpositiveforcovid19inengland22february2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19infectionsinthecommunityinengland/characteristicsofpeopletestingpositiveforcovid19inengland22february2021
http://dx.doi.org/10.3390/ijerph18052567
http://dx.doi.org/10.1136/bmjopen-2020-048042
https://warwick.ac.uk/fac/soc/ier/software/cascot/
https://warwick.ac.uk/fac/soc/ier/software/cascot/
https://www.ons.gov.uk/methodology/classificationsandstandards/standardoccupationalclassificationsoc/soc2020
https://www.ons.gov.uk/methodology/classificationsandstandards/standardoccupationalclassificationsoc/soc2020
https://www.ons.gov.uk/methodology/classificationsandstandards/standardoccupationalclassificationsoc/soc2020
https://www.ons.gov.uk/methodology/classificationsandstandards/standardoccupationalclassificationsoc/soc2020/soc2020volume1structureanddescriptionsofunitgroups
https://www.ons.gov.uk/methodology/classificationsandstandards/standardoccupationalclassificationsoc/soc2020/soc2020volume1structureanddescriptionsofunitgroups
https://www.ons.gov.uk/methodology/classificationsandstandards/standardoccupationalclassificationsoc/soc2020/soc2020volume1structureanddescriptionsofunitgroups
http://dx.doi.org/10.1007/s10654-019-00494-6
http://dx.doi.org/10.1177/1536867X1001000104
http://dx.doi.org/10.1146/annurev-psych-010814-015258
http://dx.doi.org/10.1086/651257
https://apps.who.int/iris/handle/10665/333114
http://oem.bmj.com/

	Occupation, work-related contact and SARS-CoV-2 anti-nucleocapsid serological status: findings from the Virus Watch prospective cohort study
	Abstract
	Introduction
	Methods
	Participants
	Exposure
	Outcome
	Potential mediator
	Covariates
	Statistical analyses

	Results
	Total effect of occupation on SARS-CoV-2 serological status
	Mediation analysis for workplace contact frequency
	Exposure to poorly ventilated environments by occupation

	Discussion
	Main findings of this study
	Strengths and limitations
	What is already known on this topic and what this study adds

	Conclusion
	References


