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Objective   This study aimed to understand whether the proportionate mortality of COVID-19 for various occu-
pational groups has varied over the pandemic.
Methods   We used the Office for National Statistics (ONS) mortality data for England and Wales. The deaths 
(20–64 years) were classified as either COVID-19-related using ICD-10 codes (U07.1, U07.2), or from other 
causes. Occupational data recorded at the time of death was coded using the SOC10 coding system into 13 
groups. Three time periods (TP) were used: (i) January 2020 to September 2020; (ii) October 2020–May 2021; 
and (iii) June 2021–October 2021. We analyzed the data with logistic regression and compared odds of death 
by COVID-19 to other causes, adjusting for age, sex, deprivation, region, urban/rural and population density. 
Results   Healthcare professionals and associates had a higher proportionate odds of COVID-19 death in TP1 
compared to non-essential workers but were not observed to have increased odds thereafter. Medical support 
staff had increased odds of death from COVID-19 during both TP1 and TP2, but this had reduced by TP3. This 
latter pattern was also seen for social care, food retail and distribution, and bus and coach drivers. Taxi and cab 
drivers were the only group that had higher odds of death from COVID-19 compared to other causes throughout 
the whole period under study [TP1: odds ratio (OR) 2.42, 95% confidence interval (CI) 1.99–2.93; TP2: OR 3.15, 
95% CI 2.63–3.78; TP3: OR 1.7, 95% CI 1.26–2.29]. 
Conclusion   Differences in the odds of death from COVID-19 between occupational groups has declined over 
the course of the pandemic, although some occupations have remained relatively high throughout.
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As of the week ending 4 March 2022, COVID-19 has 
been involved in 184 327 deaths in the UK, with around 
18% occurring in those aged 15–64 years (1). It has 
been shown that some occupations have had higher rates 
of death than others. Broadly occupations termed as 
“essential” (providing crucial public and private services 
such as healthcare, social care, sanitary services and 
transportation) have fared worse (2, 3). Specific occupa-
tions that have shown elevated risks include healthcare 
workers (2, 4), taxi/bus drivers (5) and van drivers (2). 
However, while higher death rates have occurred in 

certain occupations, studies have found that there is 
substantial contribution of non-workplace factors (eg, 
socioeconomic, region, health status), which explain 
differential risks by occupational group (2, 5).

The reasons for higher risks in certain occupations 
include both workplace (direct) factors, and (indirect) 
factors outside of the workplace. Workplace factors 
include the location of work (indoors or outdoors), 
the ability to socially distance or avoid contact with 
suspected COVID-19 cases and the use of personal 
protective equipment (6). Factors outside of the work-
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place including housing conditions and occupancy and 
general deprivation, particularly in those with insecure 
low-paid jobs. These factors lead certain occupations to 
have a higher risk of infection, which may in turn lead to 
higher death rates. People working in these occupations 
may have higher accumulated SARS-CoV-2 dose, which 
could lead to higher viral load, which is associated with 
worse clinical outcomes of COVID-19 disease (7).

Working conditions have fluctuated over the course 
of the pandemic. Some organizations moved their staff 
to furlough in the initial stages of the pandemic and then, 
increasingly, to part- or full-time home-working. Work-
ers also gained more protection to severe illness from 
COVID-19 from the start of 2021 as several vaccines 
became available and widely administered. Geographi-
cal location also became more important, especially 
in the second wave where there were localized, tiered 
restrictions. It is also likely that regions have differing 
support for non-pharmaceutical interventions (eg, face 
masks) (8), due to cultural, economic and social factors.

These changes have produced fluctuations in rates of 
infection, hospitalization and death – over what is com-
monly referred to as the three waves (spring 2020, win-
ter 2020/2021 and autumn/winter 2021/2022). Previous 
mortality analyses on English data have been conducted 
for 2020 only, which covered “wave 1” and some of 
“wave 2” (2); analyses on Swedish data covered “wave 
1” and most of “wave 2” (5), however we are unaware of 
analyses that have split the mortality data into the differ-
ent time periods, rather, they have conducted analyses on 
the combined data (note that time stratified models have 
been conducted using infections data) (9, 10).

Proportional mortality ratios (PMR) are a measure 
of relative mortality frequently used in studies assess-
ing occupational risks (11). The proportionate mortality 
ratio is defined as the proportion of deaths from a partic-
ular cause in one occupational group (a) to deaths from 
other causes (a+c), compared to another occupational 
group’s proportion of specific deaths (b) to deaths from 
other causes (b+d), ie, PMR =

𝑎𝑎
𝑎𝑎 + 𝑐𝑐

 /
𝑏𝑏

𝑏𝑏 + 𝑑𝑑 Meittinen & Wang 
(12) have shown that the mortality odds ratio (MOR), 
is a superior measure to the PMR given that it does not 
require the assumption that the occupational group is 
not a risk factor for the non-specific causes of death, and 
is independent of the size of other deaths. Rather than 
the ratio of the proportions the MOR uses ratios of the 
odds between occupational groups. Therefore, the MOR 
is the ratio of deaths attributable to the cause of interest 
divided by deaths from other causes, compared across 
occupational groups (ie, MOR = 𝑎𝑎

𝑐𝑐
 /
𝑏𝑏
𝑑𝑑 ). When the MOR 

is calculated to be above one for an occupation group of 
interest, we can conclude there are proportionately more 
deaths from COVID-19 in that group compared to deaths 
from other causes, which may suggest that particular 
occupational exposures lead to increased risk of deaths.

Using logistic regression (as in the current study), 
the MOR can be estimated after adjustment for key con-
founders. One advantage of using the MOR is that it did 
not require denominator data about the total population 
of the UK. This allowed us to conduct a more up-to-date 
analysis than can be conducted with analyses which 
require data linkage or the estimation of population 
denominators. Also, the MOR is at less risk of bias due 
to confounding by socioeconomic variables, as deaths 
due to COVID-19 are compared to deaths from other 
causes within the same occupational group and this in 
part adjusts for background differences in the overall 
mortality risk between occupational groups (13). The 
method presented differs from the previous occupational 
COVID-19 mortality studies, which have linked census 
or administrative and population register-derived data 
to death records and analyzed time-to-death using cox 
proportional hazard models (5, 14).

It is also important to determine how proportionate 
mortality varies across occupational groups and time 
periods over the course of the pandemic. This may 
point to certain groups of occupations that have (i) had 
a longstanding higher/lower odds of COVID-19 death, 
(ii) have recently become at higher odds of COVID-19 
death or (iii) have recently become at lower odds of 
COVID-19 death. Governments can use this as evidence 
to apply occupation-specific interventions.

We have conducted an analysis of COVID-19 deaths 
in England and Wales during the period of January 2020 
to October 2021. The aim was to understand the changes 
in deaths related to COVID-19 by occupational groups, 
over the course of the pandemic, and whether this varied 
by region of residence.

Methods

Deaths data

We used the Office for National Statistics (ONS) death 
registration data for England and Wales. We included 
all deaths in the working age population, defined here 
as aged 20–64 years old. The deaths were categorized 
as COVID-19 if there was any mention of ICD-10 codes 
U07.1 (COVID-19, virus identified) or U07.2 (COVID-
19, virus not identified) on the death certificate; all other 
deaths were categorized as not COVID-19 related. We 
did not include UO9.9 (multisystem inflammatory syn-
drome associated with COVID-19) or U10.9 (multisys-
tem inflammatory syndrome associated with COVID-19, 
unspecified), which have only been used since early 
2021 (15). The death certificate also contained informa-
tion on age, sex and postcode.
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Occupational data

Occupational information is recorded at the time of 
death registration by the informant and coded using 
the SOC10 (standard occupational classification) cod-
ing system (supplementary material, www.sjweh.fi/
article/4048). The four-digit SOC10 codes were then 
grouped into the following categories: healthcare pro-
fessionals (eg, medical practitioners, pharmacists) and 
associates (eg, nurses, midwives); medical support 
staff (eg, ambulance staff, hospital porters); social care; 
education; food retail and distribution; food production; 
taxi and cab drivers; bus and coach drivers; van drivers; 
other transport workers, police and protective services; 
and sanitary workers (S1). This allowed for comparison 
with existing studies (3). All other occupations were 
coded as “non-essential”. There were 33 604 deaths 
(20%) with only a 2 digit SOC10 code recorded; these 
were coded as “missing” in the analysis.

Covariates

We used information on lower super output area (LSOA) 
– retrieved based on the postcode – of death to gain infor-
mation on neighborhood deprivation [index of multiple 
deprivation (IMD) income domain], population density, 
8-class urban/rural classification and government office 
region (GOR). Neighborhood deprivation and population 
density were z-score standardized (ie, each data point 
was then interpreted by the number of standard devia-
tions from the sample mean). In the interaction analyses 
(described below), we coded London, West Midlands and 
the North-West as binary variables (as there were too few 
cases to investigate all regions); chosen as they contain 
the three largest cities – London, Birmingham and Man-
chester. These three regions had the highest age standard-
ized COVID-19 mortality during wave 1 and wave 2 (16).

Time periods

We originally pre-specified four time periods (TP) 
that were related to the extent of community level 
of infection and the presence of restrictions: January 
2020–September 2020 (mixed community infection; 
mixed restrictions), October 2020–February 2021 (high 
community infection; high restrictions), March 2021–
May 2021 (low community infection; low restrictions), 
and June 2021–October 2021 (high community infec-
tions; low restrictions). However, given low numbers, 
we merged October 2020–February 2021 and March 
2021–May 2021, resulting in October 2020–May 2021. 
Therefore, we used three TP for the analysis: TP1 (Janu-
ary 2020– September 2020); TP2 (October 2020–May 
2021) and TP3 (June 2021–October 2021). These peri-
ods therefore contained a mixture of community infec-
tion rates which provided sufficient numbers to evaluate 
occupational differences. These TP roughly correspond 
to waves 1 (original virus dominant), 2 (Alpha variant 
dominant), and 3 (Delta variant dominant) in the UK and 
to the vaccination rollout programme: pre-vaccinated 
population, increasingly vaccinated population (first 
dose: 0–60%; second dose: 0–26.7%; booster dose: 0%) 
and highly vaccinated population (first dose: 68.8–85%; 
second dose: 45.3–78.1%; third dose: 0–1.8%). Due to 
low numbers, we further collapsed the new TP to TP2 
(October 2020–May 2021) and TP3 (June 2021–October 
2021) in the regional analyses.

Statistical analysis

We conducted a proportionate mortality analysis using 
logistic regression (17). We adjusted for variables in 
nested models: firstly adjusted for age, age squared and 
sex; then additionally for neighborhood deprivation, 
then region and finally for urban/rural classification 

Table 1. Sample characteristics (N=136 567). Source: Office of Na-
tional Statistics. [IMD=index of multiple deprivation]

Characteristic N (%) Median (Q1–Q3)
COVID-19-related deaths 16 625 (12)
COVID-19-related deaths by time period

January 2020–Sept 2020 4756 (8)
October 2020–May 2021 9298 (22)
June 2021–October 2021 2571 (7)

Age (years) 56 (49–61)
Sex (female) 52 343 (38)
IMD income deprivation a -0.2275 (-0.8248–0.6394)

Missing 504 (<1)
Population density a -0.1959 (-0.7054–0.3432)

Missing 504 (<1)
Urban rural classification (8-class)

Major conurbation 47 111 (34)
Minor conurbation 4965 (4)
City and town 62 676 (46)
City and town (sparse setting) 395 (<1)
Town and fringe 11 317 (8)
City and town (sparse setting) 768 (<1)
Town and fringe 11 317 (8)
Town and fringe (sparse setting) 768 (<1)
Village and dispersed 7737 (6)
Village and dispersed (sparse setting) 1094 (<1)
Missing 504 (<1)

Government office region
London 17 360 (13)
East Midlands 11 400 (8)
East of England 12 512 (9)
North East 7683 (6)
North West 20 591 (15)
South East 18 377 (13)
South West 11 520 (8)
Wales 8226 (6)
West Midlands 14 681 (11)
Yorkshire and the Humber 13 713 (10)
Missing 504 (<1)

a Z-score scaled.

http://www.sjweh.fi/article/4048
http://www.sjweh.fi/article/4048
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and population density (fully adjusted). We then strati-
fied the fully adjusted model by time period. The main 
results were presented as MOR with 95% confidence 
intervals (CI).

We then used the fully adjusted model and included 
a two-way interaction between occupational group and 
region (with region removed as a covariate), and then 
stratified the model by TP. We calculated two sets of 
marginal OR: firstly, the marginal OR and 95% CI for 
each occupation compared with non-essential workers, 
for those living in London; secondly, the marginal OR 
and 95% CI for each occupation compared with non-
essential workers, for those not living in London.

A complete case analysis was undertaken. All analy-
ses were conducted in R ver 4.0.2 in the ONS Secure 
Research Service.

Results

There were 16 625 deaths (12%) related to COVID-
19 from January 2020 to October 2021 in ages 20–64 
years old (table 1). Deaths related to COVID-19 peaked 
between October 2020 and May 2021 (22%); compared 
to 8% (January 2020–September 2020) and 7% (June 
2021–October 2021) (table 2). Deaths were more likely 
to be among men (62%), and in older age (median 56 
years), higher income deprivation (standard median 
-0.23) and higher population density (standard median 
-0.20). COVID-19 deaths were concentrated in major 
conurbations, cities and towns (80%), and in the North 
West (15%), London (13%) and South East (13%).

In the fully adjusted models, in comparison to non-
essential workers, there was elevated odds of COVID-19 
death in all but three of the essential occupational groups 

(education, police and protective services, and sanitary 
workers) (table 3). Taxi and cab drivers had the high-
est relative odds of death from COVID-19 (MOR 2.65; 
95% CI 2.37–2.95). Estimates for occupational groups 
were marginally attenuated after full adjustment, more 
so among taxi and cab drivers, which was MOR 2.94 
(95% CI 2.64–3.28) for the age and sex adjusted model. 
The other occupations had smaller reductions in MOR, 
except for food production which substantially increased. 
We also investigated an expanded group of occupations 
(S2). There were occupations that were within the non-
essential workers group (sales occupations; elementary 
security occupation; process operatives; managers and 
directors in retail and wholesale) that had an elevated 
odds of COVID-19 death compared with corporate man-
agers (S2).

On average the relative difference in the odds of 
COVID-19 death between the occupational groups and 
non-essential workers was higher in the second time 
period than for any other period (table 4). Healthcare 
professionals and associates had a higher relative odds 
in TP1 but then were not significantly different to non-
essential workers thereafter. Medical support staff had 
higher odds of death from COVID-19 for longer (TP1 
and TP2) but also became not significantly different to 
non-essential workers by TP3 (although they are still 
elevated but much less deaths results in a more impre-
cise estimate). This pattern was also seen for social care, 
food retail and distribution, and bus and coach drivers. 
There were two occupations that only had elevated 
odds in TP2 – van drivers and other transport workers. 
Taxi and cab drivers were the only group that have had 
elevated odds of death from COVID-19 at each stage of 
the pandemic, although this has varied in the magnitude 
– with TP2 having the highest relative odds of death, 
then TP1 and then TP3.

Table 2. COVID-19 deaths in occupational groups, by time period. Source: Office of National Statistics.

Occupational group Time Period
January 2020–September 2020 N (%) October 2020–May 2021 N (%) June 2021–October 2021 N (%)

COVID-19  
(N=5403)

Non-COVID-19  
(N=54 041)

COVID-19  
(N=9298)

Non-COVID-19 
(N=32 630)

COVID-19  
(N=2731)

Non-COVID-19 
(N=32 464)

N (%) N (%) N (%) N (%) N (%) N (%)

Non-essential workers 2490 (7.9) 29 084 4052 (20) 16 185 1400 (7.3) 17 751
Healthcare professionals and associates 215 (11.9) 1598 218 (20.4) 848 52 (5) 983
Medical support staff 116 (14.4) 686 101 (24.2) 316 34 (7.8) 402
Social care 372 (10.8) 3082 675 (26.3) 1913 177 (7.7) 2124
Education 141 (7.9) 1639 210 (19.6) 862 68 (6.6) 964
Food retail and distribution 256 (8.9) 2631 521 (26.3) 1457 137 (7.3) 1743
Food production 63 (8.2) 710 100 (19.3) 417 29 (7.0) 387
Taxi and cab drivers 147 (21.7) 530 242 (48.2) 260 54 (13.7) 341
Bus and coach drivers 58 (16.2) 300 104 (40) 156 20 (10) 180
Van drivers 72 (9.6) 678 147 (25.7) 426 31 (6.4) 451
Other transport workers 165 (9.6) 1559 327 (28.2) 829 75 (6.7) 1043
Police and protective services 58 (7.8) 687 92 (19.6) 376 30 (6.9) 406
Sanitary workers 125 (7.9) 1443 204 (20.7) 782 65 (6.6) 911
Missing 478 (4.5) 10061 2305 (22.8) 7803 399 (7.4) 4938
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London was the only region (out of the three tested) 
that had a significant interaction with occupational 
group (likelihood ratio test P<0.05); indicating that the 
odds of COVID-19 death by occupational group was 
modified by London residence, compared to the rest of 
England and Wales. The marginal MOR showed that the 
odds of death from COVID-19 was slightly elevated in 
London for a number of occupations, and this difference 
was most apparent during the early pandemic (January 
2020–September 2020). The occupational groups that 
were most reflective of these trends were food produc-
tion, bus and coach drivers and taxi drivers, although 
each had small numbers and therefore the estimates have 
high uncertainty.

Discussion

Principal findings

Overall the differences in the odds of death involving 
COVID-19 between occupational groups have declined 
over the course of the pandemic. The highest difference 
between essential and non-essential workers was in the 
second time period, which might indicate the impact 
of the Alpha variant, which had higher hospitalization 
compared to the original virus (18).Low occupational 
differences by the third time period when the Delta 
variant was dominant (and also had an increased risk of 
mortality) (19) suggests that vaccines have had an effect 
on reducing occupational inequalities in risk of COVID-
19 mortality. This is exemplified by healthcare workers 
who had above average coverage [fully vaccinated (two 
dose) in 92% of nurses/midwives and 89% of medical 
practitioners] (20).

Whilst general restrictions were highest in the earlier 
TP this also corresponded to the time when occupational 
differences were higher, which suggests that they were 
not protecting workers who could not work from home. 
A notable exception is workplace controls in healthcare 
settings, which were inadequate during the early stages 
of the pandemic but were enhanced (through adequate 
provision of PPE and guidance). This may explain the 
lower odds of COVID-19 death by the later TP (21). 
However cumulative incidence of COVID-19 mortal-
ity, prevalence of naturally acquired immunity though 
repeated infection and the increasing use of medical 
treatments to reduce likelihood of death could also have 
played a role in the findings presented.

An alternative explanation for the patterns observed 
in the current study is that the odds of deaths involving 
COVID-19 have increased in the non-essential group, 
which would attenuate relative differences with the other 
occupational groups. However, the difference in the odds 

Table 3. COVID-19 mortality odds ratio (MOR) for occupational groups. Source: Office of National Statistics. [CI=confidence interval.]

Occupational classification Adjusted for age  
and sex

Adjusted for age, sex  
and deprivation 

Adjusted for age, sex,  
deprivation and  

region 

Adjusted for age, sex, depriva-
tion, region, urban/rural and 

population density

MOR (95% CI) MOR (95% CI) MOR (95% CI) MOR (95% CI)
Non-essential workers Ref Ref Ref Ref
Healthcare professionals and associates 1.23 (1.12–1.35) 1.26 (1.14–1.38) 1.26 (1.15–1.39) 1.26 (1.14–1.39)
Medical support staff 1.46 (1.27–1.67) 1.45 (1.26–1.65) 1.46 (1.28–1.67) 1.44 (1.26–1.65)
Social care 1.44 (1.35–1.53) 1.41 (1.32–1.5) 1.42 (1.33–1.52) 1.42 (1.33–1.52)
Education 1.03 (0.93–1.14) 1.06 (0.96–1.18) 1.05 (0.95–1.16) 1.05 (0.95–1.17)
Food retail and distribution 1.3 (1.21–1.4) 1.29 (1.2–1.39) 1.31 (1.22–1.41) 1.31 (1.22–1.41)
Food production 1.01 (0.87–1.16) 1.01 (0.87–1.17) 1.11 (0.96–1.29) 1.24 (1.07–1.43)
Taxi and cab drivers 2.94 (2.64–3.28) 2.87 (2.58–3.2) 2.69 (2.42–3.01) 2.65 (2.37–2.95)
Bus and coach drivers 2.12 (1.81–2.49) 2.07 (1.76–2.43) 2.04 (1.73–2.4) 2.04 (1.73–2.4)
Van drivers 1.26 (1.11–1.43) 1.24 (1.09–1.41) 1.24 (1.09–1.41) 1.23 (1.08–1.4)
Other transport workers 1.22 (1.12–1.33) 1.23 (1.12–1.34) 1.25 (1.14–1.36) 1.26 (1.15–1.37)
Police and protective services 0.89 (0.76–1.04) 0.91 (0.78–1.06) 0.97 (0.83–1.13) 0.98 (0.84–1.14)
Sanitary workers 1.03 (0.93–1.14) 0.98 (0.89–1.09) 0.99 (0.89–1.1) 0.99 (0.89–1.1)
Missing 1.22 (1.16–1.27) 1.17 (1.12–1.22) 1.16 (1.11–1.21) 1.15 (1.1–1.21)

Table 4. COVID-19 mortality odds ratio (MOR) for occupational 
groups, by time period. adjusted for age, sex, deprivation, region, 
urban/rural classification and population density. Source: Office of 
National Statistics. [CI=confidence interval.]

Occupational 
classification

Time Period

January 2020– 
September 2020

October 2020–
May 2021

June 2021– 
October 2021

MOR (95% CI) MOR (95% CI) MOR (95% CI)
Non-essential workers Ref Ref Ref
Healthcare profession-
als and associates

1.85 (1.59–2.16) 1.08 (0.92–1.26) 0.84 (0.63–1.12)

Medical Support Staff 2.12 (1.73–2.61) 1.31 (1.04–1.65) 1.21 (0.85–1.73)
Social care 1.6 (1.42–1.8) 1.45 (1.31–1.6) 1.15 (0.97–1.36)
Education 1.17 (0.97–1.4) 1.02 (0.87–1.2) 1.09 (0.84–1.41)
Food retail and 
distribution

1.23 (1.07–1.41) 1.46 (1.31–1.62) 1.07 (0.89–1.29)

Food production 1.26 (0.97–1.65) 1.12 (0.89–1.4) 1.07 (0.73–1.57)
Taxi and cab drivers 2.42 (1.99–2.93) 3.15 (2.63–3.78) 1.7 (1.26–2.29)
Bus and coach drivers 1.84 (1.37–2.46) 2.44 (1.89–3.15) 1.42 (0.89–2.27)
Van drivers 1.1 (0.86–1.41) 1.33 (1.1–1.62) 0.78 (0.54–1.13)
Other transport workers 1.14 (0.96–1.34) 1.54 (1.35–1.77) 0.9 (0.7–1.14)
Police and protective 
services

1.03 (0.78–1.36) 1.03 (0.81–1.3) 0.99 (0.68–1.44)

Sanitary workers 1.06 (0.88–1.29) 1 (0.85–1.18) 0.95 (0.73–1.23)
Missing 0.64 (0.58–0.71) 1.26 (1.19–1.34) 0.95 (0.84–1.07)
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of deaths involving COVID-19 from TP3–TP1 for the 
non-essential occupational group was -7.3%. The other 
occupational groups had differences between -11.6% 
(police and protective services) and -57.6% (healthcare 
professionals and associates). This suggests that it is the 
decline in COVID-19 mortality in ‘essential’ occupa-
tions rather than an increase in ‘non-essential’ mortality 
that is driving the associations observed.

The only occupational group that has seen elevated 
odds of deaths related to COVID-19 (compared to non-
essential occupations) at each stage of the pandemic was 
taxi and cab drivers. A study using a job exposure matrix 
assigned taxi drivers as high risk for a number of factors 
associated with increased risk of infection, including: (i) 
number of adults/adolescents at the same worksite during 
a typical work day, (ii) indirect contact with adults/ado-
lescents at work within the same workday, (iii) location 
of work (inside or outside), (iv) elevated risk of contact 
with adults/adolescents with (suspicion of) COVID-19, 
(v) social distancing among adults/adolescents at the same 
work floor (patients, citizen, colleagues), (vi) protection 
equipment, (vii) migrant workers (proportion of migrant 
workers), and (viii) low risk for job insecurity (proportion 
of flexible labor contracts) (6). Taxi drivers have among 
the smallest indoor working space which is often poorly 
ventilated; it was found that CO2 levels can rise to >2500 
ppm and stay high for a working shift (22); this is well 
above the guidance from the UK’s Health and Safety 
Executive, which states that action should be taken in 
any working space with CO2 >1500 ppm (23). Changes 

to the ventilation (eg, air conditioning) within taxis could 
impact on mortality through reduced exposure to COVID-
19 virus specifically, and also air pollution in general (24).
Taxi drivers also have lower than average vaccination 
rates – 83.3% two-dose vaccinated (20).

For those living in London compared to the rest 
of England and Wales, the odds of deaths involving in 
COVID-19 were slightly elevated for food production, 
bus and coach workers, and taxi drivers, compared to 
non-essential workers, especially in the early stages 
of the pandemic. Food production was also the only 
occupation where the MOR substantially increased after 
adjustment for urban/rural and population density, which 
provides further support that the likelihood of severe 
COVID-19 was more geographically patterned in this 
group. Regional differences may be due to enhancement 
of occupational risks by individual socioeconomic fac-
tors – overcrowding and higher proportion of children in 
low income families (16). Occupational groups may have 
enhanced risk of infection and death due to the intensity 
of the activity – more working hours and more (potential) 
contact with people with COVID-19. It may also be due 
to the different mixtures of individual jobs within each job 
category. For example indoor jobs such as “food, drink 
and tobacco process operatives” may be over-represented 
in the food production group in urban regions like Lon-
don; whereas more outdoor jobs with lower risk such as 
“fishing and other elementary agricultural occupations 
n.e.c.” may be in this category in regions like South West 
– thus skewing the regional differences.

Figure 1. COVID-19 marginal mortality 
odds ratio (OR) for occupational groups 
by London/non-London region and time 
period.
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One other UK study has investigated longitudinal 
differences in excess mortality over the pandemic (25). 
The analysis was restricted to 2020. The authors found 
that excess deaths peaked at the end of April 2020 and 
that essential workers, particularly healthcare workers, 
were most affected. They found a difference between 
healthcare professionals/associate professionals and 
medical support staff, whereby the latter had a longer 
period of higher excess deaths. Therefore the results on 
healthcare workers are similar to the current study. They 
also show that transport and social workers were the 
most affected groups in November 2020 with approxi-
mately 20% excess deaths, in agreement with the current 
study that showed elevated odds in the first two time 
periods. There are differences between the studies. They 
found that food workers, police/protective services and 
to a lesser extent education workers had higher excess 
deaths early in the pandemic which then returned back 
to pre-COVID-19 excess mortality rates. We found that 
police/protective services and education did not have a 
higher odds of COVID-19 death compared to essential 
workers at any time period.

To our knowledge there are no analyses outside of 
the UK on occupational difference in COVID-19 mor-
tality risks over time. However, there is a study from 
Norway comparing the infection between the first and 
the second wave, which roughly correspond to the time 
periods presented in the current analysis (26). A similar 
patterns emerged whereby some of the largest reduc-
tions in odds of infection were for physicians, nurses, 
dentists and physiotherapists (ie, healthcare); and largest 
increases for bartenders, transport conductors and travel 
stewards (ie, some transport occupations).

Strengths

We have conducted a proportionate mortality analysis 
that covers the hallmarks of a robust analysis (27): a 
short period of time (which means less bias from popu-
lation changes), the maximum amount of deaths data 
available from national registries, all groups have the 
same access to medical care and diagnosis (due to the 
UK’s National Health Service) and we account for age at 
death (through statistical adjustment). We also adjusted 
for multiple factors identified in directed acyclic graphs 
in previous analyses (28), including all the variables in 
the minimal sufficient adjustment set from one study - 
age, deprivation, geographical region and sex (29).

Limitations

There is potential misclassification of the deaths for 
healthcare occupations especially at the beginning of 
the pandemic, as these individuals were more likely to 
be tested for COVID-19 and therefore have their death 

attributed to COVID-19 compared with other occupa-
tional groups. In small study samples it is shown that 
the proportionate mortality ratios may be overestimated 
(30). Given that the range of the deaths from COVID-19 
by occupation was 20–675; overestimation may have 
been approximately 2.5–22.25% (30). The largest bias 
would have occurred in the later stages of the pandemic 
and in the London-stratified models, however these 
were already predominantly null associations and would 
therefore be drawn even closer to no effect if corrected. 
In our regression analysis, we were unable to account 
for underlying health conditions and ethnicity at the 
individual level given that it is not recorded on the death 
certificate and cannot be linked via the individual’s 
postcode; these have been included in the minimal suf-
ficient adjustment set in two previous papers (2, 3). It 
is likely that elevated odds for some of the occupations 
(eg, taxi and cab drivers) where non-white ethnicity 
is higher would have been attenuated by inclusion of 
individual ethnicity [due to non-white ethnicity being 
a risk factor for COVID-19 death (14)]. The risk of 
death was between two (black African) and five times 
(Bangladeshi) greater compared to white Britons (31). 
Given the study design (ie, comparisons made within 
occupational groups) and the size of the taxi and cab 
driver effect, we consider it unlikely that both the small 
sample bias and the inability to account for ethnicity 
would have affected the main interpretation, that this 
group had an elevated odds of mortality attributed to 
COVID-19 across the pandemic.

It was deemed that alternative specifications of 
variables (ie, including deprivation and population 
density as a spline, including age as linear rather than 
quadratic) included in the model would have margin-
ally impacted the results presented, although this has 
not been formally tested.

Future work and policy

There are some parts of the study design that could be 
explored in further work. We have used one definition 
of a COVID-19 death which includes all deaths “involv-
ing” COVID-19. Another definition is deaths “due to” 
COVID-19, which means that it is the only condition 
named on the death certificate. This would have reduced 
the dataset to approximately half the number of deaths 
(32), which would not have allowed the analysis of a 
broad set of occupations, time periods and regions. The 
main analysis focused on groups of occupations, and in 
doing so masked within group variability. It was found 
that risks of sickness absence due to COVID-19 varied 
by the specific position within healthcare (33). For the 
food and drink processing industry, only grain millers 
were found to have COVID-19 incidence rates (34). It is 
not just the occupation but also the type of work done in 
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the job that is relevant. Shift work has also been associ-
ated with higher risk of severe COVID-19 (35). Further 
work could also explore changes to the definition of 
‘non-essential’ occupations, given that jobs within this 
category have increased in risk as time has gone on (ie, 
retail workers). Finally, it is important to triangulate 
the findings from this study with others eg, the ONS 
infection survey (36), in order to understand how risk 
of COVID-19 due to occupational circumstances has 
changed over time and to make recommendations for 
policy on added non-pharmaceutical protections in 
the workplace. The evidence to date indicates that the 
occupational group with the most severe risk generally 
has moved from being within healthcare to transport 
during this pandemic (with the caveat that there were 
differences between workers within these groups). If 
this is shown to be the case in multiple countries, then 
it implies that these workplaces should be prioritized 
sequentially for the application of the hierarchy of 
controls in the future (37). Controls could include ven-
tilation systems being tested (and updated if required); 
face to face contact, hand and surface hygiene policies 
reviewed; and personal protective equipment stockpiled. 
The effect on transmission risk from applying these 
changes should be evidenced by modelling (ie, quanti-
tative microbial assessment models) to provide support 
for action (38).

Concluding remarks

Increased odds of COVID-19 death were observed for a 
number of occupations, such as healthcare profession-
als and associates and medical support staff compared 
to non-essential workers, but these differences reduced 
over the pandemic, with the exception of taxi drivers. 
Proportionate mortality analysis is a straightforward 
and practical way to monitor relative differences in 
COVID-19 mortality by occupation, and their changes 
over time. It has some considerable practical advantages 
over other methods since it only requires the mortality 
data, which is usually readily available and may be less 
prone to confounding.

Acknowledgements

We would like to thank colleagues at the Institute of 
Occupational Medicine and from the NCS PROTECT 
project on their helpful feedback on the study.

Disclosure

This work was produced using statistical data from 
ONS. The use of the ONS statistical data in this work 

does not imply the endorsement of the ONS in relation 
to the interpretation or analysis of the statistical data. 
This work uses research datasets which may not exactly 
reproduce National Statistics aggregates.

Funding

This work was supported by funding through the 
National Core Study “PROTECT” programme, man-
aged by the Health and Safety Executive on behalf of 
HM Government, and a grant from the Colt Foundation 
(CF/05/20).

Ethics approval

Ethical approval was obtained from the National Statisti-
cian’s Data Ethics Advisory Committee.

References

1. Coronavirus ON. (COVID-19) latest  insights: 
Comparisons. 2022; Available from: https://www.
o n s . g o v. u k / p e o p l e p o p u l a t i o n a n d c o m m u n i t y /
healthandsocialcare/conditionsanddiseases/articles/
coronaviruscovid19latestinsights/overview.

2. Nafilyan VP, Ayoubkhani D, Rhodes S, Pembrey L, Matz M, 
Coleman MP et al. Occupation and COVID-19 mortality in 
England: a national linked data study of 14.3 million adults. 
medRxiv. 2021;05.12.21257123. https://doi.org/10.1101/20
21.05.12.21257123. 

3. 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.

4. Shah AS, Wood R, Gribben C, Caldwell D, Bishop J, 
Weir A et al. Risk of hospital admission with coronavirus 
disease 2019 in healthcare workers and their households: 
nationwide linkage cohort study. BMJ 2020 Oct;371:m3582.  
https://doi.org/10.1136/bmj.m3582.

5. 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.

6. 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.

7. Soria ME, Cortón M, Martínez-González B, Lobo-Vega 

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19latestinsights/overview
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19latestinsights/overview
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19latestinsights/overview
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19latestinsights/overview
https://doi.org/10.1101/2021.05.12.21257123
https://doi.org/10.1101/2021.05.12.21257123
https://pubmed.ncbi.nlm.nih.gov/33298533
https://doi.org/10.1136/oemed-2020-106731
https://pubmed.ncbi.nlm.nih.gov/33115726
https://doi.org/10.1136/bmj.m3582
https://doi.org/10.5271/sjweh.3992
https://doi.org/10.5271/sjweh.3992
https://doi.org/10.5271/sjweh.3998
https://doi.org/10.5271/sjweh.3998


 Scand J Work Environ Health 2022, vol 48, no 8 619

Cherrie et al

R, Vázquez-Sirvent L, López-Rodríguez R et al. High 
SARS-CoV-2 viral load is associated with a worse clinical 
outcome of COVID-19 disease. Access Microbiol 2021 
Sep;3(9):000259. https://doi.org/10.1099/acmi.0.000259.

8. Matthews Pillemer F, Blendon RJ, Zaslavsky AM, Lee BY. 
Predicting support for non-pharmaceutical interventions 
during infectious outbreaks: a four region analysis. Disasters 
2015 Jan;39(1):125–45. https://doi.org/10.1111/disa.12089

9. Beale S, Hoskins S, Byrne T, Fong EW, Fragaszy E, 
Geismar C et al. Differential Risk of SARS-CoV-2 
Infection by Occupation: Evidence from the Virus Watch 
prospective cohort study in England and Wales. medRxiv. 
2021:2021.12.14.21267460. https://doi.org/10.1101/2021.1
2.14.21267460.

10. 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): https://doi.org/10.2807/1560-7917.
ES.2021.26.40.2001875.

11. Cocco P, Blair A, Congia P, Saba G, Flore C, Ecca 
MR et al. Proportional mortality of dichloro-diphenyl-
trichloroethane (DDT) workers: a preliminary report. Arch 
Environ Health 1997 Jul-Aug;52(4):299–303. https://doi.
org/10.1080/00039899709602202.

12. Miettinen OS, Wang JD. An alternative to the proportionate 
mortality ratio. Am J Epidemiol 1981 Jul;114(1):144–8.  
https://doi.org/10.1093/oxfordjournals.aje.a113161.

13. Checkoway H, Pearce ND. Research methods in 
occupational epidemiology. New York: Oxford University 
Press; 2004.

14. Nafilyan V, Islam N, Mathur R, Ayoubkhani D, Banerjee 
A, Glickman M, et al. Ethnic differences in COVID-19 
mortality during the first two waves of the Coronavirus 
Pandemic: a nationwide cohort study of 29 million adults in 
England. Eur J Epidemiol. 2021 Jun;36(6):605–17. https://
doi.org/ 10.1007/s10654-021-00765-1.

15. ONS. Coronavirus and mortality in England and 
Wales methodology. 2021; Available from: https://
www.ons.gov.uk/peoplepopulationandcommunity/
birthsdeathsandmarriages/deaths/methodologies/
coronavirusandmortalityinenglandandwalesmethodology.

16. Tinson A. What geographic inequalities in COVID-19 
mortality rates and health can tell us about levelling up. 
2021; Available from: https://www.health.org.uk/news-
and-comment/charts-and-infographics/what-geographic-
inequalities-in-covid-19-mortality-rates-can-tell-us-about-
levelling-up#:~:text=COVID%2D19%20mortality%20
rates%20for%20people%20younger%20than%2065%20
varied,100%2C000%20in%20the%20South%20West.

17. Robins JM, Blevins D. Analysis of proportionate mortality 
data using logistic regression models. Am J Epidemiol 
1987 Mar;125(3):524–35.  https://doi.org/10.1093/
oxfordjournals.aje.a114559.

18. Nyberg T, Twohig KA, Harris RJ, Seaman SR, Flannagan 
J, Allen H et al. Risk of hospital admission for patients with 
SARS-CoV-2 variant B.1.1.7: cohort analysis. BMJ 2021 
Jun;373(1412):n1412. https://doi.org/10.1136/bmj.n1412.

19. Sheikh A, McMenamin J, Taylor B, Robertson C; Public 
Health Scotland and the EAVE II Collaborators. SARS-
CoV-2 Delta VOC in Scotland: demographics, risk of 
hospital admission, and vaccine effectiveness. Lancet 2021 
Jun;397(10293):2461–2. https://doi.org/10.1016/S0140-
6736(21)01358-1.

20. Nafilyan V, Dolby T, Finning K, Morgan J, Edge R, 
Glickman M et al. Differences in COVID-19 vaccination 
coverage by occupation in England: a national linked data 
study. medRxiv. 2021:2021.11.10.21266124. https://doi.org
/10.1101/2021.11.10.21266124. 

21. Hoernke K, Djellouli N, Andrews L, Lewis-Jackson S, 
Manby L, Martin S et al. Frontline healthcare workers’ 
experiences with personal protective equipment during 
the COVID-19 pandemic in the UK: a rapid qualitative 
appraisal. BMJ Open 2021 Jan;11(1):e046199. https://doi.
org/10.1136/bmjopen-2020-046199.

22. Moreno T, Pacitto A, Fernández A, Amato F, Marco E, 
Grimalt JO, et al. Vehicle interior air quality conditions 
when travelling by taxi. Environ Res. 2019 May;172:529-
542. https://doi.org/10.1016/j.envres.2019.02.042.

23. HSE. Ventilation during the coronavirus (COVID-19) 
pandemic. 2022; Available from: https://www.hse.gov.uk/
coronavirus/equipment-and-machinery/air-conditioning-
and-ventilation/identifying-poorly-ventilated-areas.htm.

24. Das D, Ramachandran G. Risk analysis of different transport 
vehicles in India during COVID-19 pandemic. Environ 
Res 2021 Aug;199:111268. https://doi.org/10.1016/j.
envres.2021.111268.

25. Matz M, Allemani C, van Tongeren M, Nafilyan V, 
Rhodes S, van Veldhoven K et al. Excess mortality 
among essential workers in England and Wales during the 
COVID-19 pandemic. J Epidemiol Community Health 2022 
Jul;76(7):660–6. https://doi.org/10.1136/jech-2022-218786.

26. 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.

27. Hansen ES. The proportionate mortality ratio and its 
relationship with measures of mortality. Stat Med 1990 
Mar;9(3):315–23. https://doi.org/10.1002/sim.4780090314.

28. Wilkinson, J; Beale, S; Cherrie, M; Edge, R; Fishwick, D; 
Gittins, M; et al. (2021): DAGs of occupation and COVID 
V1.pdf. University of Manchester. Preprint. https://doi.
org/10.48420/16847158.v1 

29. Beale S, Patel P, Rodger A, Braithwaite I, Byrne T, Erica 
Fong WL et al. Occupation, Work-Related Contact, and 
SARS-CoV-2 Anti-Nucleocapsid Serological Status: 
Findings from the Virus Watch prospective cohort study. 
medRxiv. 2021:2021.05.13.21257161. https://doi.org/10.11
01/2021.05.13.21257161. 

30. Zhou JY. Bias in the proportionate mortality ratio analysis of 
small study populations: A case on analyses of radiation and 
mesothelioma. Int J Radiat Biol. 2014 Nov;90(11):1075–9. 
https://doi.org/10.3109/09553002.2014.931611.

https://doi.org/10.1099/acmi.0.000259
https://doi.org/10.1111/disa.12089
https://doi.org/10.1101/2021.12.14.21267460
https://doi.org/10.1101/2021.12.14.21267460
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://doi.org/10.1080/00039899709602202
https://doi.org/10.1080/00039899709602202
https://pubmed.ncbi.nlm.nih.gov/7246522
https://doi.org/10.1093/oxfordjournals.aje.a113161
https://doi.org/ 10.1007/s10654-021-00765-1
https://doi.org/ 10.1007/s10654-021-00765-1
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/methodologies/coronavirusandmortalityinenglandandwalesmethodology
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/methodologies/coronavirusandmortalityinenglandandwalesmethodology
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/methodologies/coronavirusandmortalityinenglandandwalesmethodology
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/methodologies/coronavirusandmortalityinenglandandwalesmethodology
https://www.health.org.uk/news-and-comment/charts-and-infographics/what-geographic-inequalities-in-covid-19-mortality-rates-can-tell-us-about-levelling-up#:~:text=COVID%2D19%20mortality%20rates%20for%20people%20younger%20than%2065%20varied,100%2C000%20in%20the%20South%20West
https://www.health.org.uk/news-and-comment/charts-and-infographics/what-geographic-inequalities-in-covid-19-mortality-rates-can-tell-us-about-levelling-up#:~:text=COVID%2D19%20mortality%20rates%20for%20people%20younger%20than%2065%20varied,100%2C000%20in%20the%20South%20West
https://www.health.org.uk/news-and-comment/charts-and-infographics/what-geographic-inequalities-in-covid-19-mortality-rates-can-tell-us-about-levelling-up#:~:text=COVID%2D19%20mortality%20rates%20for%20people%20younger%20than%2065%20varied,100%2C000%20in%20the%20South%20West
https://www.health.org.uk/news-and-comment/charts-and-infographics/what-geographic-inequalities-in-covid-19-mortality-rates-can-tell-us-about-levelling-up#:~:text=COVID%2D19%20mortality%20rates%20for%20people%20younger%20than%2065%20varied,100%2C000%20in%20the%20South%20West
https://www.health.org.uk/news-and-comment/charts-and-infographics/what-geographic-inequalities-in-covid-19-mortality-rates-can-tell-us-about-levelling-up#:~:text=COVID%2D19%20mortality%20rates%20for%20people%20younger%20than%2065%20varied,100%2C000%20in%20the%20South%20West
https://www.health.org.uk/news-and-comment/charts-and-infographics/what-geographic-inequalities-in-covid-19-mortality-rates-can-tell-us-about-levelling-up#:~:text=COVID%2D19%20mortality%20rates%20for%20people%20younger%20than%2065%20varied,100%2C000%20in%20the%20South%20West
https://pubmed.ncbi.nlm.nih.gov/3812459
https://doi.org/10.1093/oxfordjournals.aje.a114559
https://doi.org/10.1093/oxfordjournals.aje.a114559
https://doi.org/10.1136/bmj.n1412
https://doi.org/10.1016/S0140-6736(21)01358-1
https://doi.org/10.1016/S0140-6736(21)01358-1
https://doi.org/10.1101/2021.11.10.21266124
https://doi.org/10.1101/2021.11.10.21266124
https://doi.org/10.1136/bmjopen-2020-046199
https://doi.org/10.1136/bmjopen-2020-046199
https://www.hse.gov.uk/coronavirus/equipment-and-machinery/air-conditioning-and-ventilation/identifying-poorly-ventilated-areas.htm
https://www.hse.gov.uk/coronavirus/equipment-and-machinery/air-conditioning-and-ventilation/identifying-poorly-ventilated-areas.htm
https://www.hse.gov.uk/coronavirus/equipment-and-machinery/air-conditioning-and-ventilation/identifying-poorly-ventilated-areas.htm
https://doi.org/10.1016/j.envres.2021.111268
https://doi.org/10.1016/j.envres.2021.111268
https://doi.org/10.1136/jech-2022-218786
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://doi.org/10.1002/sim.4780090314
https://doi.org/10.48420/16847158.v1
https://doi.org/10.48420/16847158.v1
https://doi.org/10.1101/2021.05.13.21257161
https://doi.org/10.1101/2021.05.13.21257161
https://doi.org/10.3109/09553002.2014.931611


620 Scand J Work Environ Health 2022, vol 48, no 8

Proportionate mortality due to COVID-19

31. ONS. Updating ethnic contrasts in deaths involving 
the coronavirus (COVID-19), England: 8 December 
2020 to 1 December 2021. 2022. Available from https://
www.ons.gov.uk/peoplepopulationandcommunity/births 
deathsandmarriages/deaths/articlesupdatingethniccontrasts 
indeathsinvolvingthecoronaviruscovid19england 
andwales/8december2020to1december2021

32. ONS. Definition of “deaths involving COVID-19”. 
2021; Available from: https://www.ons.gov.uk/aboutus/
transparencyandgovernance/freedomofinformationfoi/
definitionofdeathsinvolvingcovid19.

33. 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.

34. Mueller W, Loh M, Fletcher T, Rhodes S, Pembrey L, Pearce N, 
van Tongeren M. An Ecological Study of COVID-19 Infection 
Rates within the UK Food and Drink Processing Industry. 
Ann Work Expo Health. 2022 Jun 15;wxac042. https://doi.
org/10.1093/annweh/wxac042. [Epub ahead of print].

35. Rowlands AV, Gillies C, Chudasama Y, Davies MJ, Islam 
N, Kloecker DE, et al. Association of working shifts, 
inside and outside of healthcare, with severe COVID−19: 
an observational study. BMC Public Health. 2021 Apr 
22;21(1):773. https://doi.org/10.1186/s12889-021-10839-0.

36. Pearce N, Rhodes S, Stocking K, Pembrey L, van Veldhoven 
K, Brickley EB et al. Occupational differences in COVID-19 
incidence, severity, and mortality in the United Kingdom: 
available data and framework for analyses. Wellcome 
Open Res 2021 May;6:102. https://doi.org/10.12688/
wellcomeopenres.16729.1.

37. Sehgal NJ, Milton DK. Applying the Hierarchy of Controls: 
What Occupational Safety Can Teach us About Safely 
Navigating the Next Phase of the Global COVID-19 
Pandemic. Front Public Health. 2021 Nov 5;9:747894. 
https://doi.org/10.3389/fpubh.2021.747894.

38. Miller D, King MF, Nally J, Drodge JR, Reeves GI, Bate 
AM et al. Modeling the factors that influence exposure to 
SARS-CoV-2 on a subway train carriage. Indoor Air 2022 
Feb;32(2):e12976. https://doi.org/10.1111/ina.12976.

Received for publication: 11 April 2022

https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/updatingethniccontrastsindeathsinvolvingthecoronaviruscovid19englandandwales/8december2020to1december2021http://
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/updatingethniccontrastsindeathsinvolvingthecoronaviruscovid19englandandwales/8december2020to1december2021http://
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/updatingethniccontrastsindeathsinvolvingthecoronaviruscovid19englandandwales/8december2020to1december2021http://
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/updatingethniccontrastsindeathsinvolvingthecoronaviruscovid19englandandwales/8december2020to1december2021http://
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/updatingethniccontrastsindeathsinvolvingthecoronaviruscovid19englandandwales/8december2020to1december2021http://
https://www.ons.gov.uk/aboutus/transparencyandgovernance/freedomofinformationfoi/definitionofdeathsinvolvingcovid19
https://www.ons.gov.uk/aboutus/transparencyandgovernance/freedomofinformationfoi/definitionofdeathsinvolvingcovid19
https://www.ons.gov.uk/aboutus/transparencyandgovernance/freedomofinformationfoi/definitionofdeathsinvolvingcovid19
https://doi.org/10.1136/oemed-2021-107628
https://doi.org/10.1136/oemed-2021-107628
https://doi.org/10.1093/annweh/wxac042
https://doi.org/10.1093/annweh/wxac042
https://doi.org/10.1186/s12889-021-10839-0.
https://doi.org/10.12688/wellcomeopenres.16729.1
https://doi.org/10.12688/wellcomeopenres.16729.1
https://doi.org/10.3389/fpubh.2021.747894.
https://doi.org/10.1111/ina.12976

