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ABSTRACT
Objectives  Identify workplace risk factors for SARS-
CoV-2 infection, using data collected by a UK electricity-
generating company.
Methods  Using a test-negative design case-control 
study, we estimated the OR of infection by job category, 
site, test reason, sex, vaccination status, vulnerability, site 
outage and site COVID-19 weekly risk rating, adjusting 
for age, test date and test type.
Results  From an original 80 077 COVID-19 tests, 
there were 70 646 included in the final analysis. Most 
exclusions were due to being visitor tests (5030) or tests 
after an individual first tested positive (2968).
Women were less likely to test positive than men 
(OR=0.71; 95% CI 0.58 to 0.86). Test reason was 
strongly associated with positivity and although not a 
cause of infection itself, due to differing test regimes 
by area, it was a strong confounder for other variables. 
Compared with routine tests, tests due to symptoms 
were highest risk (94.99; 78.29 to 115.24), followed 
by close contact (16.73; 13.80 to 20.29) and broader-
defined work contact 2.66 (1.99 to 3.56). After 
adjustment, we found little difference in risk by job 
category, but some differences by site with three sites 
showing substantially lower risks, and one site showing 
higher risks in the final model.
Conclusions  In general, infection risk was not 
associated with job category. Vulnerable individuals were 
at slightly lower risk, tests during outages were higher 
risk, vaccination showed no evidence of an effect on 
testing positive, and site COVID-19 risk rating did not 
show an ordered trend in positivity rates.

INTRODUCTION
From the outset of the COVID-19 pandemic, there 
was considerable debate as to the role of occupa-
tional exposures in the transmission of infections, 
and the subsequent morbidity and mortality. Most 
deaths occurred in those over age 65 years, that is, 
in those above the usual working age. However, 
there was still a substantial number of infections, 
hospital admissions, and deaths in those of working 
age.1

Thus, 1 year into the pandemic, Burdorf et al2 
commented that ‘there is scattered evidence that an 
individual’s type of job may contribute to the risk 
of becoming infected and, hence, to the mortality 
pattern in society’. Three years into the pandemic, 
Michaels et al3 drew stronger conclusions, arguing 

that ‘COVID-19 is an occupational disease that 
sickened and killed countless workers’ but noted 
that COVID-19 has rarely been treated or tracked 
as an occupational disease by public health agen-
cies, particularly in non-healthcare workplaces. 
They also noted that most white-collar workers 
could work from home, and that perhaps greater 
priority might have been placed on making work-
places safe if this had not been the case.

In the United Kingdom (UK), there is now a 
considerable body of evidence showing occu-
pational differences in COVID-19 infection,4–6 
severity,7 vaccination availability and uptake,8 9 
mortality1 10–12 and mitigation strategies.6 13

However, these studies have mostly considered 
all occupations together in agnostic analyses, with 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ In the United Kingdom, there is now a 
considerable body of evidence showing 
occupational differences in COVID-19 infection 
and severity, but with understandable focus on 
high-risk industries like healthcare.

	⇒ Less is known about differences in risk of 
COVID-19 infection in other industries that do 
not involve directly working with the general 
public, in particular, there is relatively little 
evidence on the risks of transmission in the 
electricity-generating industry.
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	⇒ At this company, infection risk was not 
associated with job category after adjusting for 
test reason; however, women were less likely to 
test positive than men and the risk was higher 
when there was a power outage, requiring 
more staff to visit the site in person.
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	⇒ The site risk rating showed a modest dose-
response with infection risk at higher levels, 
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when prevalence and testing protocols differ 
over time.

http://oem.bmj.com/
http://orcid.org/0000-0002-9823-7932
http://orcid.org/0000-0002-1205-1898
http://orcid.org/0000-0002-5837-801X
http://orcid.org/0000-0003-4218-084X
http://orcid.org/0000-0002-9938-7852
https://doi.org/10.1136/oemed-2023-109184
https://doi.org/10.1136/oemed-2023-109184
https://doi.org/10.1136/oemed-2023-109184
http://crossmark.crossref.org/dialog/?doi=10.1136/oemed-2023-109184&domain=pdf&date_stamp=2024-04-25


185Rutter CE, et al. Occup Environ Med 2024;81:184–190. doi:10.1136/oemed-2023-109184

Workplace

considerable breadth, but little depth. More in-depth analyses 
have generally focused on known ‘high-risk’ industries such as 
healthcare, social care and other ‘essential occupations’ involving 
regular contact with the general public.14 15

There have been more in-depth investigations in a plastics 
manufacturing plant16 and an automotive manufacturing site,17 
but these have been largely descriptive and have involved only a 
small number of COVID-19 cases.

To our knowledge, there has not previously been a specific 
study of electricity-generation workers. This industry is of 
considerable interest, since working from home is not a possi-
bility for almost all operational staff, and there is little or no 
contact with the general public during working hours. There-
fore, it provides an opportunity to investigate factors affecting 
workplace transmission in this specific environment.

In July 2020, government scientific advisers and key funders 
identified where the UK must increase research to respond to 
near-term strategic, policy and operational needs, and ulti-
mately improve resilience against COVID-19 through 2021 
and beyond. Six COVID-19 National Core Studies (NCS) have 
been established to meet these needs, including the NCS project 
on transmission of the SARS-CoV-2,18 led by the UK’s Health 
and Safety Executive. This project is known as ‘PROTECT’: 
The Partnership for Research into Occupational, Transport and 
Environmental Covid NCS, which brings together more than 70 
researchers from 16 different institutions.

One of the six key themes of the ‘PROTECT’ project is to 
collect data from outbreak investigations in a range of work-
places to understand SARS-CoV-2 transmission risk factors, 
potential causes for COVID-19 outbreaks and the effectiveness 
of a range of measures to control and prevent these outbreaks. 
In addition to specific outbreak investigations conducted as 
part of PROTECT, some companies have been identified, 
which succeeded in assembling some detailed data on testing 
in their workforces, including relevant data on outbreaks they 
have experienced. One of these is a large electricity-generating 
company. We here report the findings of a test-negative design 
(TND) case-control study conducted using the data collected by 
this company. The main aim of these analyses was to investigate 
contextual-level, workplace subgroups and individual-level risk 
factors for SARS-CoV-2 infections.

METHODS
The large electricity-generating company, which is the subject 
of this report, tested staff frequently on site throughout the 
course of the pandemic. The testing strategy and method varied 
over time and by facility. During some time periods, all staff 
were tested routinely, whereas in other time periods, most 
workers were only tested because they had symptoms or were 
identified as a contact of a positive case. These practices also 
varied across sites, so that at any given time, some sites may 
have been testing routinely, while others were only doing symp-
tomatic and contact testing. Reason for test was collected and 
categorised into four groups: testing due to symptoms (using a 
lower threshold than government recommendations), testing 
for close contacts (using government defined criteria), testing 
for broader-defined work contacts (as per company protocols) 
and routine testing.

Tests with a missing or inconclusive result were excluded, 
along with those from visitors (single tests), and any person with 
missing job type. We also excluded tests that were missing one 
of the following a priori confounders: age, sex, site, test date or 
test type.

We included a maximum of one test per day for each person. 
Where there were multiple tests in a day with different outcomes 
or reasons (only a small number were identified), we prioritised 
positive results over negative (as false positives are less common 
than false negatives) and test reason in order of strength of 
reason (ie, symptoms, close contact, broader-defined work 
contact, screening and then missing). For each person, we used 
tests only up to and including their first positive result. Thus, the 
analyses presented here relate to the risks of a first infection, and 
subsequent infections were not considered.

We used a TND, in which positive tests (cases) were compared 
with negative tests (controls) during each quarter (3-month 
period). This approach is intended to control for factors that 
affect the propensity to be tested at different time points (eg, 
changing testing protocols and recognition of symptoms). It also 
has the advantage of being feasible, since we only had access to 
the test data, and not to data on individuals who were not tested. 
It has been widely used for assessing vaccine effectiveness, both 
for COVID-1919 and for other infection.20 More recently, it has 
been used for assessing risk factors for COVID-19 infection.21 22 
Site risk rating was assessed by the Outbreak Management Team 
consisting of the company doctors, occupational health advisors 
and site representatives for each power station, approximately 
once a week, based on the background prevalence of disease and 
the number of cases on site. The risk rating from 0 to 5 deter-
mined the COVID-19 mitigation requirements (eg, cleaning, 
personal protective equipment, testing, social distancing). At the 
higher risk ratings, more than half the permanent workforce of 
the power stations were working remotely, face coverings were 
mandatory at all times inside, enhanced contact tracing and isola-
tion used a broader definition of a contact than in the national 
regulations. If there was no available risk rating for a particular 
week, then the rating for the closest previous date was chosen. 
For sites with no risk rating assigned, then the average risk rating 
across all sites was used.

An outage is a statutory shutdown, when a power station is 
offline, and maintenance can be undertaken. It is often a time 
with an increased number of external visitors/contractors to the 
site (sometimes doubling the number of people on site). We have 
a binary flag determining whether a test was taken during an 
outage at the relevant site.

Vulnerability status was determined by increased risk of severe 
disease or death from COVID-19 due to a pre-existing health 
condition as determined by the literature and was based on an 
employee’s request for assessment. We have a binary flag for 
identified vulnerable staff members, who followed different 
protocols for their own protection (such as home working 
practices).

Vaccination information was captured for most workers on a 
voluntary basis. Where we had date of vaccine, then we could 
determine vaccine status at the time of the test, defining vaccine 
immunity as beginning 10 days after the vaccination date. 
Partial vaccination was defined as having received one vaccine 
(10 days or more prior) and full vaccination as two or more. 
Individuals without vaccination information were assumed 
unvaccinated as negative information was not captured. The 
Janssen vaccine which requires only one dose was not widely 
used in the UK and no single doses of this type were recorded 
in this study.

There were different types of tests available at different sites 
at different times and for different reasons. We categorised the 
tests as PCR LAMP (PCR loop-mediated isothermal amplifica-
tion), other PCR (PCR), and lateral flow test. For PCR LAMP, 
all positives and 10% of negatives were then confirmed by PCR.
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We fitted logistic regression models comparing tests with posi-
tive outcomes to those with negative outcomes adjusting for the 
time period. There may have been more than one test per person 
during a time period but unless the tests were very close together 
there would not be much dependency. In addition to the a priori 
confounders of age, sex, date of test and test type, we consid-
ered the other available information detailed above as potential 
confounders or other explanatory variables of interest. Some of 
these factors were related, for example, routine testing was more 
common during site outages. All potential confounders were 
included in the final model, provided there were no problems 
of collinearity or non-convergence of the model. Ordinal vari-
ables were tested for linear trend using a likelihood ratio test and 
included as either categorical or continuous based on the result. 
The analysis used Stata 17.23

RESULTS
From an original file of 80 077 tests, there were 70 878 included 
in the analysis (table  1). Most exclusions were due to being 
visitor tests (5030) or tests for an individual after they first tested 
positive (2968, of which 433 (14.6%) were also positive).

Table  2 shows the demographic characteristics of the study 
participants. Almost 90% of the workers tested were men. There 
was a wide spread of ages from under 20 to over 70 and the 
median age group was 41–45. The largest proportion of workers 
were external contractors (53%), followed by engineering (16%) 
and operations (13%). Jobs were spread in a variety of loca-
tions, most at power stations, and there were many more tests 
per person at power stations 3, 7 and 8 (around 10 per person 
on average) than at other sites (between 2 and 5 per person on 
average).

The number of tests varied hugely by date, reflecting different 
stages of the pandemic as well as changes in regulations and 
protocols of testing and the general prevalence of COVID-19 
in the UK. Most tests were in the first half of 2021, but most 
positive tests were in the first half of 2022 (figure 1).

The proportion of positive tests that were identified, according 
to the reasons for testing, are shown in table 3. Overall, testing 
those with symptoms identified more than half (54%) of the posi-
tive results, whereas testing close contacts picked up 24% and 
broader-defined work contacts 3%. Nevertheless, a significant 
minority of cases (16%) were identified by routine screening. 
The remaining 3% had missing test reason.

Table 1  Test numbers and exclusions

Exclusion reason (in order) Excluded tests Remaining tests

Total 80 077

Missing/invalid test outcome 200 79 877

Missing test date 0 79 877

Missing job category 267 79 610

Visitor job category 5030 74 580

Missing site 0 74 580

Missing sex 0 74 580

Missing age group 1 74 579

Missing test type 601 74 579

Multiple tests in single day* 132 74 447

Tests after first testing positive 2968 70 878

*Duplicates deleted; 17 people had both negative and positive tests of which one 
positive test was kept. Of those with matching outcomes, 31 people had different 
test reasons of which the highest priority one was kept in this order: symptoms, 
close contact, broader-defined work contact, screening, missing reason.

Table 2  Demographic characteristics of analysis sample

Variable Category

Test level
Individual level (at 
time of first test)

Number % Number %

Total 70 878 10 768

Sex Male 63 197 89.2 9571 88.9

Female 7681 10.8 1197 11.1

Age group 16–20 1012 1.4 189 1.8

21–25 4950 7.0 760 7.1

26–30 7692 10.9 1184 11.0

31–35 8775 12.4 1300 12.1

36–40 7875 11.1 1237 11.5

41–45 7037 9.9 1098 10.2

46–50 7969 11.2 1231 11.4

51–55 9727 13.7 1480 13.7

56–60 9352 13.2 1348 12.5

61–65 5106 7.2 715 6.6

66–70 1225 1.7 193 1.8

71+ 158 0.2 33 0.3

Job category Energy operations 9067 12.8 1420 13.2

Engineering 12 752 18.0 1716 15.9

External contractors 37 064 52.3 5710 53.0

HSE and security 2621 3.7 373 3.5

Nuclear and scientific 3175 4.5 460 4.3

Office-based 4395 6.2 783 7.3

Project management 1804 2.6 306 2.8

Job site Head office 1273 1.8 576 5.4

Power station 1 2573 3.6 1099 10.2

Power station 2 5758 8.1 1164 10.8

Power station 3 5692 8.0 1011 9.4

Power station 4 15 333 21.6 1494 13.9

Power station 5 2926 4.1 981 9.1

Power station 6 2555 3.6 865 8.0

Power station 7 18 403 26.0 1869 17.4

Power station 8 15 516 21.9 1357 12.6

Other 849 1.2 352 3.3

Test date Q1–3 2020* 304 0.4

Q4 2020 2379 3.4

Q1 2021 23 516 33.2

Q2 2021 27 016 38.1

Q3 2021 11 385 16.1

Q4 2021 3933 5.6

Q1 2022 1786 2.5

Q2–3 2022† 559 0.8

Test type PCR LAMP 51 935 73.3

Other PCR 16 572 23.4

Lateral Flow Test 2371 3.4

Test reason Symptoms 2773 3.9

Close contact 3174 4.5

Broader-defined work 
contact

2666 3.8

Routine screening 62 033 87.5

Missing‡ 232 0.3

Vaccination 
status§

Not vaccinated 57 718 81.4

Partially vaccinated (1) 5078 7.2

Fully vaccinated (2+) 8082 11.4

Vulnerability 
status¶

Not vulnerable 65 262 92.1 9819 91.2

Vulnerable (Cat1-3) 5616 7.9 949 8.8

Outage** Not during outage 35 580 50.2

During outage 35 298 49.8

continued



187Rutter CE, et al. Occup Environ Med 2024;81:184–190. doi:10.1136/oemed-2023-109184

Workplace

Table  4 shows the findings for the main risk factors under 
study. Our ‘base model’ adjusted for test date, age group and test 
type (results not shown) as well as the other risk factors shown 
in the table. There was strong evidence against a linear trend 
for time period (p<0.0001) and weak evidence for age group 
(p=0.05), so these were both included as categorical.

We found that the reason for testing was a strong confounder; 
in particular, the OR for ‘external’ workers (ie, contractors) 
changed from 0.74 (95% CI 0.61 to 0.89) to 1.14 (0.89 to 1.45) 
after adjusting for the test reason. Also, women showed lower 
risks than men, after adjustment for test reason (0.70; 0.58 
to 0.86) but not before 1.00 (0.85 to 1.17). As well as being 
a strong confounder of job type, reason for testing was a very 
strong factor itself (table 4).

Vulnerability, outages, vaccination status and site risk 
rating were not identified as confounders (on introduction 

to the model, results not shown) but were included in the 
final model for completeness. There was strong evidence 
against a linear trend for site risk rating (p<0.0001), so this 
was included as categorical. There was no evidence against a 
linear trend for vaccine status (p=0.92), so this was included 
as continuous.

The final model included job type, age, sex, test date, test 
type, test reason, job site, vaccination status, vulnerability 
status, outage and site risk rating. This model showed that 
there were few differences between job types and likelihood 
of testing positive after adjusting for all the other included 
factors. Women were less likely to test positive than men 
(0.71; 0.58 to 0.86).

The relationship between site and test positivity showed that 
power station 8 was higher risk (2.05; 1.52 to 2.77) than power 
station 7, the site with the most tests. Power station 6 was the 
lowest risk (0.22; 0.16 to 0.29 compared with power station 
7). All other sites were estimated to be similar or lower risk 
than power station 7 but with varying magnitudes and levels of 
evidence (table 4).

There was a large effect of test reason, with those testing 
due to symptoms having 94.99 (78.29 to 115.24) times the 
odds of those from routine screening, those testing due to 
a positive close contact having 16.73 (13.80 to 20.29), and 
broader-defined work contact 2.66 (1.99 to 3.56) times the 
odds of those tested in routine screening (table 4).

There was no evidence of a difference in risk for vacci-
nated workers (0.97 per vaccination; 0.88 to 1.06), but 
vulnerable workers were at lower risk of testing positive 
than other workers (0.78; 0.63 to 0.96) and workers 
testing during an outage were at increased risk (1.35; 1.12 
to 1.63). The site risk rating did not have a linear relation-
ship with an individual’s risk of testing positive as cate-
gory 2 was lower risk than category 0/1 (baseline), but the 
higher categories showed a dose-response with infection 
risk (table 4).

Variable Category

Test level
Individual level (at 
time of first test)

Number % Number %

Site risk 
rating††

0/1‡‡ (lowest risk) 1886 2.7

2 15 008 21.2

3 47 208 66.6

4 6776 9.6

5 (highest risk) 0 0

*3 quarters combined due to low volumes (Q1=1, Q2=5, Q3=298).
†2 quarters combined due to low volumes, especially negative tests (Q2=390, Q3=169).
‡Kept in sample as not all models use test reason.
§Based on vaccination date being populated and dated at least 10 days before test.
¶Assumed to be not vulnerable if no vulnerability assessment took place.
**Based on statutory outage dates at the relevant site.
††Based on approximately weekly risk rating given to each site to determine COVID-19 
safety protocols. If there was no risk rating for the week, the closest available was used. 
If site was Other, then average risk rating for the week was used.
‡‡Categories 0 and 1 were combined as there were only 73 in category 0.
LAMP, loop-mediated isothermal amplification.

Table 2  continued

Figure 1  Number of tests, positive tests and percentage due to routine screening, by date.
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We have also presented findings stratified by reason for 
testing in online supplemental table S1. In general, the find-
ings are consistent with those of the final model (taking into 
account the wide confidence intervals for some effect esti-
mates). The exception are the findings for those undergoing 
routine screening, where, for some variables, the effect 
estimates were inconsistent with those in the final model. 
However, once again, the CIs for these effect estimates were 

relatively wide, due to data sparsity in some time periods 
from the changing testing protocols (figure 1).

DISCUSSION
As noted in the introduction, there have been relatively 
few in-depth investigations of work-place risk factors for 
COVID-19 infection. To our knowledge, no similar study has 

Table 3  Proportion of positive tests by test reason in each time period

Date (quarters) Number of positive tests

Test reason

Symptoms (%) Close contact (%) Broader-defined work contact (%) Routine screening (%) Missing (%)

Q1–3 2020 25 28 44 0 4 24

Q4 2020 183 33 27 11 21 8

Q1 2021 204 48 24 10 18 0

Q2 2021 120 37 35 5 22 2

Q3 2021 492 59 20 2 18 1

Q4 2021 742 54 30 3 12 2

Q1 2022 1324 55 25 2 15 3

Q2–3 2022 552 65 10 0 21 3

Total 3642 54 24 3 16 3

Table 4  ORs and 95% CIs for risk of testing positive on COVID-19 test

Exposure Category
Crude job type association
(n=70 878)

Base model*
(n=70 878)

Base model*+test reason
(n=70 646)

Final model†
(n=70 646)

Job category Energy operations 0.98 (0.86 to 1.12) 1.22 (0.99 to 1.51) 0.91 (0.70 to 1.19) 0.91 (0.70 to 1.20)

Engineering 0.78 (0.68 to 0.88) 0.99 (0.81 to 1.21) 0.90 (0.69 to 1.16) 0.90 (0.70 to 1.17)

External 0.36 (0.32 to 0.40) 0.74 (0.61 to 0.89) 1.14 (0.89 to 1.45) 1.05 (0.82 to 1.36)

HSE and security 0.92 (0.76 to 1.10) 1.16 (0.87 to 1.54) 1.10 (0.77 to 1.57) 1.12 (0.78 to 1.62)

Nuclear and scientific 0.85 (0.71 to 1.01) 1.09 (0.84 to 1.43) 0.92 (0.66 to 1.29) 0.96 (0.68 to 1.35)

Office-based 1.00 (baseline) 1.00 (baseline) 1.00 (baseline) 1.00 (baseline)

Project management 0.92 (0.75 to 1.13) 1.22 (0.89 to 1.68) 1.01 (0.66 to 1.53) 1.00 (0.66 to 1.51)

Sex Female 1.00 (0.85 to 1.17) 0.70 (0.58 to 0.86) 0.71 (0.58 to 0.86)

Job site Head office 0.74 (0.55 to 0.99) 0.67 (0.46 to 0.97) 0.70 (0.48 to 1.03)

Power station 1 1.38 (1.10to 1.72) 0.61 (0.47 to 0.80) 0.58 (0.43 to 0.77)

Power station 2 0.40 (0.33 to 0.48) 0.44 (0.34 to 0.56) 0.38 (0.29 to 0.49)

Power station 3 2.54 (2.04 to 3.16) 1.12 (0.85 to 1.47) 0.90 (0.67 to 1.20)

Power station 4 0.74 (0.61 to 0.90) 0.57 (0.45 to 0.73) 0.42 (0.32 to 0.55)

Power station 5 1.34 (1.04 to 1.71) 0.93 (0.69 to 1.27) 0.97 (0.70 to 1.33)

Power station 6 0.39 (0.31 to 0.49) 0.26 (0.20 to 0.34) 0.22 (0.16 to 0.29)

Power station 7 1.00 (baseline) 1.00 (baseline) 1.00 (baseline)

Power station 8 4.16 (3.26 to 5.31) 2.41 (1.79 to 3.24) 2.05 (1.52 to 2.77)

Other 0.93 (0.69 to 1.25) 0.34 (0.24 to 0.48) 0.31 (0.21 to 0.44)

Test reason Symptoms 85.70 (71.37 to 102.91) 94.99 (78.29 to 115.24)

Close contact 15.32 (12.75 to 18.40) 16.73 (13.80 to 20.29)

Broader-defined work contact 2.51 (1.89 to 3.33) 2.66 (1.99 to 3.56)

Routine screening 1.00 (baseline) 1.00 (baseline)

Vaccination status Per vaccination‡ 0.97 (0.88 to 1.06)

Vulnerability status Vulnerable 0.78 (0.63 to 0.96)

Outage During outage 1.35 (1.12 to 1.63)

Site risk rating 0/1 (lowest risk) 1.00 (baseline)

2 0.64 (0.50 to 0.82)

3 1.30 (1.00 to 1.69)

4 1.60 (1.11 to 2.31)

*Adjusted for job category, sex and site in the table, and also test date, test type and age group (results not shown).
†Adjusted for all variables in the table plus test date, test type and age group (results not shown).
‡Up to fully vaccinated (two or more vaccinations).

https://dx.doi.org/10.1136/oemed-2023-109184
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been completed in the electricity-generating industry, so our 
analyses were largely exploratory, with the aim of assessing a 
number of potential risk factors for infection in this context. 
This industry is of particular interest, since working from 
home is difficult and unusual, and there is relatively little 
contact with the general public during working hours. It, 
thus provides an opportunity to study workplace risk factors 
for transmission in this environment.

In this TND study, based on data from a UK electricity-
generating company, we estimated the ORs for infection 
by job category, site, reason for testing, vulnerability, sex, 
reason for testing and the COVID-19 weekly risk rating for 
each site, adjusting for age and test date.

With regards to ‘reason for testing’, it is partly because 
of this variable that we used the TND. For example, if one 
particular job primarily involves routine testing, whereas 
another job primarily involves testing only when symptoms 
occur, we would expect to find differences between these 
two jobs in the rate of positive tests. One of the coauthors 
(NP) has written on precisely this problem in a follow-up21 
to a paper on the use of the TND for analysing COVID-19 
test results,24 stating: ‘For the application of the TND to 
study risk factors in situations where testing includes symp-
tomatic as well as non-symptomatic persons, the reason for 
testing is important to record and account for in analysis 
and inference… increasingly people are being tested for a 
variety of reasons, and it is therefore necessary to control for 
‘reason for testing’ in the analysis’.

There was little difference in risk by job category after 
adjusting for other factors. There were large differences in 
risk between job sites, which could be for a variety of reasons 
including localised community infection rates (partially 
adjusted for by site risk rating), whether the site was always 
operational (some were not), and differences in workplace 
culture. In general, the electricity-generating sites included 
in this study were high hazard, critical national infrastruc-
ture, highly regulated and with a strong safety culture. 
Women were less likely to be infected than men (OR=0.71). 
The strongest predictor of a positive test in our data was the 
reason for testing. For example, someone who was tested 
because of symptoms had 95 times the odds of testing posi-
tive compared with someone who was routinely screened. 
Those who were tested because of close contact with a case, 
had 17 times the odds of testing positive, and those with 
broader-defined work contact had 2.7 times the odds. This 
is consistent with the COVID-19 literature, unsurprisingly 
those with symptoms are much more likely to have an infec-
tion than randomly selected people without symptoms. 
Thus, this is not an original finding, but it does reinforce the 
importance of adjusting for reason for testing in the anal-
yses. Reason for testing was also a strong confounder for job 
category, sex and job site (table 4).

It is also notable that despite these strong associations with 
symptomatic and contact testing, across the pandemic, 16% of 
cases were identified by routine testing. Thus, routine testing 
may have played an important role in identifying a large minority 
of cases, and thereby also reducing the spread of infection to 
contacts.

One limitation of this study is that we have included multiple 
tests on the same person in each time period (online supple-
mental table 2). If the tests are well spaced, then they should 
still be independent. However, tests close together on the same 
person will be more likely to have the same result as each other. 
One option is to shorten each time period and remove multiple 

tests, but if the time periods are very short, then there are prob-
lems of sparse data due to the large number of parameters in the 
model. In addition, although most individuals had up to four 
tests in a time period, there were some with substantially more. 
These could bias results towards the null as there is a maximum 
of one positive result per person and so the multiple negative 
tests would outweigh the positive one when estimating the 
effects.

Overall, these findings showed little difference in posi-
tivity rates by job category once the analyses were adjusted 
for test reason. There were some differences by site, with 
four sites showing substantially lower risks, and one site 
showing higher risks in the final model. Vulnerable individ-
uals showed slightly lower risks, possibly due to those indi-
viduals taking more care. Positivity rates were slightly higher 
during outages when there could be a lot more people on 
site. Vaccination did not show a protective effect on testing 
positive, which is perhaps surprising, and also in contrast 
with results from Rhodes et al, which showed that number 
of vaccines was inversely related to infection risk in working 
age people taking part in the COVID-19 infection survey 
in the UK.25 Only about a fifth of tests in the present study 
related to a worker that was vaccinated at the time of testing, 
as vaccines for the majority of workers were not introduced 
until the middle of 2021.

The site risk rating showed a modest dose-response with 
infection risk at higher levels, indicating that such risk ratings 
may be useful for identifying ‘high-risk’ sites. It could be 
argued that the site risk rating depends on the number of 
cases, so it may not be appropriate to always adjust for it. 
However, inclusion of this variable made little difference to 
the main effect of job category (table 4) and the relationship 
between site risk rating and the odds of testing positive is of 
interest in itself.

X Martie van Tongeren @martievt
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