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s u m m a r y

Background: Healthcare workers were at a high risk of infection early in the SARS-CoV-2 pandemic. It is 
uncertain to what extent occupational, household and community factors contributed, and how this 
changed over time. We aimed to characterise the risk factors for infection over four successive waves of the 
pandemic in a large, UK healthcare worker cohort (SIREN).
Methods: Participants underwent fortnightly SARS-CoV-2 PCR testing and symptom/exposure ques-
tionnaire. Attack rates and adjusted OR of infection were calculated according to participant characteristics 
and exposures for each wave between 1st October 2020 and 30th August 2022.
Findings: 19,427 participants were included in the second wave, 20,260 in the third, 11,937 in the fourth, 
and 6503 in the fifth. The attack rates of infection were 9.1% (alpha), 6.6% (delta), 36.6% (omicron BA.1/2) 
and 15.9% (omicron BA.4/5), respectively. 

Occupational risk factors were only apparent in the second wave, during which significant social dis-
tancing measures were in place. These were identified as working as a healthcare assistant, nurse or bedside 
therapist, and working on an inpatient ward. Occupational exposure requiring personal protective equip-
ment was also a risk. 

In subsequent waves, without social restrictions, occupational characteristics were not risk factors. 
Instead, living with others compared to living alone was a risk, particularly children. During the third wave 
(winter 2021–2022), having a colleague with COVID-19 was identified as a risk for the first time.
Interpretation: Our findings highlight clinical areas and occupational groups in which there may be scope to 
prevent healthcare-associated infections, particularly during winter pressures. Prospective studies targeting 
these are essential to establish which interventions are most effective. This study also underscores the 
importance of community circulation and exposures when considering healthcare workforce protection.
Crown Copyright © 2025 Published by Elsevier Ltd on behalf of The British Infection Association. This is an 

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The SARS-CoV-2 pandemic had global impact, with the majority 
of the world’s population experiencing social distancing mandates, 
curfews and lockdowns for significant periods of 2020 and 2021 in 
order to control transmission, reduce deaths, and prevent the 

collapse of effective healthcare delivery.1 Studies from multiple 
settings during the early waves of the pandemic suggest that 
healthcare workers, compared to the general population, were at a 
particularly high risk of infection.2–5 In the United Kingdom (UK), 
during these periods of high incidence, illness within the workforce 
was also a considerable threat to staffing-levels and healthcare 
provision.6,7 A deeper understanding of how occupational, house-
hold and community exposures contributed to these infection rates 
are essential for future preparedness.

The SARS-CoV-2 Immunity and Reinfection Evaluation (SIREN) 
study is a large multicentre cohort of over 44,000 healthcare 
workers recruited across 135 National Health Service (NHS) sites 
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within the UK.8 In previous work, we established certain occupa-
tional characteristics that put healthcare workers in England at risk 
of primary infection during the second wave of the pandemic, in-
cluding working as a healthcare assistant and working in an emer-
gency department or inpatient ward setting.9 Since the second wave, 
which involved social distancing measures and the emergence of the 
alpha variant, the pandemic in the UK went through many devel-
opments and SIREN continued throughout. 

To protect staff and healthcare delivery during future winter 
pressures and pandemics, we must understand the risk factors for 
infection within our workforce, and how these changed alongside 
evolving social distancing measures, with shifts in occupational, 
household and community exposure. During the pandemic in the 
UK, infection prevention and control (IPC) transmission-based pre-
caution measures, including isolation/cohorting of patients and use 
of personal protective equipment (PPE) and respiratory protective 
equipment (RPE), were introduced in line with international gui-
dance.10,11 These measures were in addition to public health mea-
sures and national testing policies and implemented according to 
local risk assessments based on individual and organisational need, 
community-level incidence, and the social distancing measures and 
restrictions in place at the time.12 Given this local variation and the 
lack of prospective controlled trials or high-quality observational 
studies on IPC measures in healthcare, it remains difficult to unpick 
the impact of each individual measure and establish how their ef-
fectiveness varied according to community and specific healthcare 
environment circumstance. 

We aimed to determine infection rates and investigate the de-
mographic, occupational, household and community factors asso-
ciated with SARS-CoV-2 infection within UK healthcare workers 
during four distinct waves of the SARS-CoV-2 pandemic. 

Methods 

Study design 

SIREN is a national multicentre prospective cohort study of 
healthcare workers (≥18 years) in the UK, participating in regular 
SARS-CoV-2 testing, with continuous follow-up since June 2020. 
Participants were initially consented for 12-months of active follow- 
up, with subsequent invitations to extend up to 33-months in total. 
The full study design and methods have been described previously.8 

Ethical approval was granted by the Berkshire Research Ethics 
Committee (IRAS ID 284460, REC reference 20/SC/0230). 

Data collection and sources 

At enrolment, participants completed a survey detailing demo-
graphic, household, and occupational characteristics. Throughout 
follow-up, they completed a fortnightly symptom and exposure 
(clinical, household and community) questionnaire and underwent 
fortnightly SARS-CoV-2 polymerase chain reaction (PCR) testing as 
per the SIREN protocol.8 Vaccination data were obtained via the 
fortnightly questionnaires and through linkage to national vaccina-
tion registries. Index of multiple deprivation (IMD) was acquired 
according to postcode upon enrolment, where available. 

Study period 

SIREN has run continuously since June 2020, enrolling partici-
pants at pace early in the pandemic. For this analysis, we defined 
four periods of specific interest corresponding to periods of high 
infectivity (waves of infection) in both the SIREN cohort and na-
tionally. These four periods were October 2020 to April 2021 (the 
second wave, predominantly the alpha variant), May to November 
2021 (the third wave, predominantly the delta variant), December 

2021 to April 2022 (the fourth wave, predominantly the omicron 
BA.1/2 variants), and May to August 2022 (the fifth wave, pre-
dominantly the omicron BA.4/5 variants).13 The boundaries of the 
waves were chosen according to troughs in incidence, apart from the 
second wave where the observation period start date was chosen as 
a balance between incidence and cohort size, as recruitment was 
still active. 

Outcome 

The outcome in our analyses was a positive SARS-CoV-2 PCR test 
within the observation period, according to specimen date. An out-
come could only occur once per participant within each wave. 

Inclusion and exclusion criteria 

Participants were included in each wave’s cohort if they were 
under follow-up throughout the entirety of the wave and did not 
have a positive SARS-CoV-2 PCR test in the previous wave. We ex-
cluded participants who did not contribute to all demographic, oc-
cupational and household variables and, for the fourth and fifth 
waves, participants that had not received two doses of a COVID-19 
vaccine upon entry to the wave. 

Exposures 

Static (captured on enrolment) and dynamic (fortnightly ques-
tionnaire) variables were included. Static variables consisted of 
gender, age, ethnicity, past medical history, whether the participant 
was patient-facing, occupational role, occupational setting, IMD 
quintile, type of household and region of residence. 

Dynamic variables were self-reported clinical exposure and PPE 
use, known contact with a colleague with confirmed COVID-19, 
having a household member with confirmed COVID-19 and being 
contacted by a National Health Service (NHS) contact-tracing service 
(England, Northern Ireland and Wales: Test and Trace, Scotland: Test 
and Protect) or self-reporting a confirmed community contact. 

Vaccination date was also captured, and a delay-to-vaccination 
linear variable created for each wave, defined as time to effective 
vaccine coverage within the wave (second wave: 21 days after first 
vaccine, third wave: 14 days after second vaccine, fourth and fifth 
waves: 14 days after booster vaccine). 

Statistical analysis 

The entire SIREN cohort was included to create an epidemic 
curve of the pandemic, with the calculation of fortnightly PCR po-
sitivity (number of positive PCR tests per 1000 participants tested) 
with 95% confidence intervals (CI). We then analysed each wave 
individually, including only those participants meeting the inclusion 
criteria described previously. For each wave’s cohort, attack rates 
according to participant characteristics were calculated and adjusted 
odds ratios (aORs) of infection with 95% CIs were estimated through 
a mixed effects logistic regression model. Static characteristics were 
included as categorical variables (fixed effects) and vaccine delay 
included as a continuous variable (fixed effects), all nested within 
healthcare organisation-level clusters (random effects). 

Further multi-variate analyses were performed to consider the 
dynamic clinical, household and community exposures reported by 
participants in each wave. For individuals that were infected within 
a wave, the questionnaire which included the date 14 days prior to 
their first positive PCR of an infection episode was included for 
analysis. This ensured that the questionnaire captured the most re-
presentative period of infection acquisition and that it was com-
pleted prior to the participant’s knowledge of infection confirmation. 
This questionnaire was the only one that an infected participant 
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contributed to the wave’s analysis. For individuals who were not 
infected within a wave, data from all of their fortnightly ques-
tionnaires within the wave were included. Unadjusted odds ratios 
(ORs) and an adjusted odds ratio (aOR) of infection in participants 
reporting each exposure type in each wave were calculated with 95% 
CIs. Adjustment was by gender, age group and ethnicity as a priori 
variables in addition to exposure-specific participant characteristics 
that were considered potential confounders after a conceptual 
model exercise (occupational role and setting for clinical exposures, 
IMD quintile and household size for household exposures, and IMD 
quintile and region for community exposures). 

All analyses were conducted using Stata Statistical Software: 
Release 17.0. 

Role of the funding source 

The funders of the study had no role in study design, data col-
lection, data analysis, data interpretation, or writing of the report. 
The views expressed are those of the authors. 

Results 

Between 18th June 2020 and 31st March 2021, 44,546 healthcare 
workers were recruited to the SIREN study. Fig. 1 shows the rate of 
infection in all SIREN participants between the first day of recruit-
ment and 1st December 2022, and outlines the waves included in 
this study for further investigation. As recruitment in Northern Ire-
land, Scotland and Wales started later, only participants from Eng-
land were under active follow-up for the duration of the second 
wave, and therefore included in the second wave analysis. For all 
other waves, participants were from across the UK. 

The second wave peaked in the fortnight beginning 28th 
December 2020, with a PCR positivity rate of 36.3/1000 (95% CI 33.9 
to 38.9/1000). The third wave peaked in the fortnight beginning 23rd 
August 2021, with a PCR positivity rate of 12.8/1000 (11.3 to 14.5/ 
1000). The fourth wave peaked in the fortnight beginning 27th 
December 2021, with a PCR positivity rate of 100.9/1000 (95.8 to 

106.2/1000). Finally, the fifth wave peaked in the fortnight beginning 
27th June 2022, with a PCR positivity rate of 46.2/1000 (41.5 to 
51.3/1000). 

Fig. 2 shows the flowchart of participant inclusion and exclusion 
for further analysis. After the exclusion of participants that did not 
provide data for all demographic, occupational and household 
characteristics (1488 participants) and participants that had not 
received their first two vaccinations before the fourth (375 partici-
pants) and fifth (151 participants) waves, 19,427 participants con-
tributed to the analyses for the second wave, 20,260 for the third 
wave, 11,937 for the fourth wave, and 6503 for the fifth wave. Fig. 3 
shows the overall attack rate and the proportion of reinfections for 
each wave. Table 1 summarises the aOR of infection during each 
wave according to the demographic, occupational and household 
characteristics captured at enrolment. A more detailed table with 
numerator/denominators, attack rate and p values are available in 
the Supplementary Material. 

The proportion of participants reporting each exposure and the 
aOR of infection are presented in Table 2. The questionnaire com-
pletion rate amongst participants with infection was 83.3% (1466/ 
1760), 74.0% (990/1338), 84.0% (3659/4356) and 90.6% (938/1035) in 
the second, third, fourth and fifth waves respectively. Questionnaire 
completion in non-infected participants was 77.5% for the second 
wave (1.68 per participant per month), 71.0% for the third wave (1.54 
per participant per month), 72.5% for the fourth wave (1.57 per 
participant per month) and 65.0% for the fifth wave (1.41 per par-
ticipant per month). 

Second wave 

During the second wave, independent occupational risk factors 
for infection were working as a healthcare assistant (aOR 1.39, [1.09 
to 1.77]), nurse (aOR 1.29 [1.05 to 1.57]), or bedside therapist (aOR 
1.41 [1.01 to 1.98]), and working in any inpatient ward setting (aOR 
1.67 [1.32 to 2.11]). Having clinical exposures requiring PPE use (aOR 
2.08 [1.86 to 2.34] where PPE was used at every opportunity and 1.79 
[1.08 to 2.97] with a self-reported suspected PPE breach) were also 

Fig. 1. Incidence of infection in SIREN participants during the SARS-CoV-2 pandemic in the United Kingdom.  
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associated with infection. Delay to first vaccine was a significant risk 
factor during the second wave, with each day of delay increasing a 
participant’s risk of infection by 1.11% (p < 0.001). Despite these 
occupational risks, exposure risk factors with the highest relative 
risk were living with a household member with confirmed COVID-19 
(aOR 10.73 [8.60 to 13.38]) and having a known community contact 
or national contract-tracing service alert (aOR 5.14 [4.19 to 6.30]). 

Third wave 

During the third wave, occupational risk factors were not found 
to be statistically significant. Deprivation according to IMD quintile 
was a new risk factor (IMD first quintile aOR 1.42 [1.17 to 1.74] and 
IMD second quintile aOR 1.35 [1.13 to 1.61] compared to IMD fifth 
quintile). Higher rates of infection were observed in participants 

Fig. 3. Cumulative proportion of SIREN participants infected within each wave of the SARS-CoV-2 pandemic in the United Kingdom.  

Fig. 2. Flowchart of SIREN participants included in this study.  
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Table 1 
SARS-CoV-2 infection during the United Kingdom’s second, third, fourth and fifth wave of the pandemic according to SIREN participant de-
mographic, occupational and household characteristics.   
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who lived with others for the first time, particularly children (aOR 
2.45 [1.95 to 3.10] in households with children and 1.34 [1.06 to 1.69] 
in households with other adults only, compared to living alone). 
Exposure questionnaires continued to find confirmed household and 
community COVID-19 contacts to be significantly associated with 
infection (aOR 9.00 [7.15 to 11.33] and 5.50 [4.48 to 6.77], respec-
tively). The impact of appropriate vaccination (second vaccine) delay 
was less than that of the first vaccine in the second wave, increasing 
a participant’s risk of infection by 0.13% (p = 0.023) per day. 

Fourth wave 

During the fourth wave, living with others remained a strong risk 
factor (aOR 1.57 [1.37 to 1.79] in households with children and 1.23 
[1.08 to 1.39] in households with other adults only, compared to 
living alone). Whilst having a household or community contact with 
confirmed COVID-19 remained associated with infection (aOR 2.98 
[2.73 to 3.26] and 2.23 [1.93 to 2.57 respectively), both aORs were 
significantly lower than for the preceding waves. Having a colleague 

with confirmed COVID-19 was associated with infection (aOR 1.15 
[1.04 to 1.28]) for the first time. Delay to booster (third) vaccination 
increased a participant’s risk of infection by 0.15% (p = 0.008) 
per day. 

Fifth wave 

During the fifth wave, there were no specific demographic, oc-
cupational or household characteristics associated with infection, 
but household exposure to COVID-19 remained associated (aOR 5.74 
[4.84 to 6.81]). Delay to booster vaccination did not affect a parti-
cipant’s risk of infection (p = 0.855): though the majority of parti-
cipants were vaccinated with a booster prior to the start of the wave. 

Discussion 

We monitored SARS-CoV-2 infection rates in our large healthcare 
worker cohort throughout four successive waves of the pandemic 
within the UK, with overall attack rates ranging from 6.6% in the 

*Composed of occupational therapists, physiotherapists and speech and language therapists. †Includes paramedics. aOR = adjusted odds ratio, CI = 
confidence interval. Red = higher risk compared to reference, green = lower risk compared to reference, blue = comparable risk compared to 
reference, grey = reference.  
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third wave (delta variant) to 36.6% in the fourth wave (the emer-
gence of omicron BA.1/2 variants). The demographic, occupational, 
household and community risk factors for SARS-CoV-2 infection in 
healthcare workers shifted across the four waves, with occupational 
risks most apparent during the second wave. 

The second wave differed considerably from latter waves in the 
UK, and was the only one during the time period of this cohort study 
during which there was enforced social distancing.14 It was punc-
tuated by the emergence of the first major variant of concern (alpha: 
first detected within SIREN on 9th November 2020), the introduction 
of the first COVID-19 vaccine (BNT162b2 [COMIRNATY]: 8th De-
cember 2020), and the second and third national lockdowns in 
England (5th November to 2nd December 2020 and 6th January 
2021 onwards respectively). Whilst having a confirmed household or 
community contact with COVID-19 was a strong exposure risk factor 
for infection during this wave, living with others in general during 
this period of limited social mixing was not associated with infection 
in our healthcare worker cohort compared to living alone: the 
second wave had the lowest proportion (6.2%) of infected partici-
pants reporting a household contact. Together, these findings sug-
gest a high relevance of occupational exposures with regards to 
relative risk during the second wave. Clinical exposure requiring PPE 
was associated with infection in the second wave only. Of note, 
participants self-reporting a PPE breach were at no higher risk of 
infection during these periods than those reporting PPE use without 
breach: there was complete overlap of CI for PPE use with or without 
breach in the second wave, with both having approximately a two- 
fold increase in SARS-CoV-2 positivity. There are several possible 
explanations for this: participants may not recall every clinical ex-
posure or PPE breech, were unknowingly using PPE incorrectly, 
perhaps due to unfamiliarity, or overall the use of PPE during this 
wave did not afford complete protection. 

After the lifting of social restrictions (the third wave), there was 
an occupational, household and community risk factor shift. 
Occupational characteristics within healthcare workers no longer 
appeared to contribute significant risk in the context of higher 
community SARS-CoV-2 circulation,15 and living with others, parti-
cularly children, became a strong risk factor. Lower IMD quintiles 
being associated with infection as restrictions were lifted during the 
third wave suggest possible differences in household and commu-
nity mixing patterns in these groups, compared to the highest IMD 
quintile, as restrictions lifted. 

During the fourth wave, in winter 2021–2022, the only occupa-
tion-related exposure associated with infection (after the lifting of 
previous restrictions) was having a colleague with COVID-19, which 
strongly associated with infection. This could be due to differences in 
colleague-to-colleague mixing patterns compared to winter 
2020–2021, outside the context of national social distancing mea-
sures. Whilst not statistically significant, there was also a signal of an 
association between occupational exposures requiring the use of PPE 
during the fifth wave and infection (p = 0.058). 

Together, our findings reinforce the importance of considering 
the hierarchy of controls in pandemic contexts, whereby public 
health restrictions placed in the community and in healthcare set-
tings, such as social distancing, can have a larger protective effect in 
hospitals than those measures lower down the hierarchy.16 

It has been widely documented that healthcare workers in many 
settings were at increased risk of SARS-CoV-2 infection in the first 
wave, compared to the general population.2–5 Compared to data 
from the UK’s Office for National Statistics (ONS), we found the at-
tack rates seen in healthcare workers during the second wave (9.1%, 
CI 8.7% to 9.5%) to be slightly higher than the UK’s general popula-
tion (8.1%, ‘credible interval’ 7.9% to 8.2%]), even in the context of 
patient-facing workforce vaccine prioritisation.15 During the third 
wave, the healthcare worker attack rate was considerably less (6.6% 
versus 24.2%) than the general population, though children aged 

12–16 years drove much of the community circulation during this 
period, reflected by the strong emergence of living with children as a 
risk factor for infection in our cohort. Our healthcare worker popu-
lation had similar attack rates to the general population during the 
fourth wave (omicron BA.1/2) and lower attack rates during the fifth 
wave (omicron BA.4/5), perhaps due to the majority of our partici-
pants having received a booster (third) COVID-19 vaccination over 
winter 2021–2022. 

During both winter periods included in our analysis, there were 
strong patient-facing workforce vaccination drives, and despite this, 
we found peak PCR positivity rate in our healthcare worker cohort to 
be higher than that found by ONS in the general population. In the 
second wave, we found a peak PCR positivity of 3.6% (CI 3.4% to 3.9%) 
compared to 1.5–3.0% in regional general populations in England, 
and in the fourth wave, we found a peak PCR positivity of 10.1% (CI 
9.6% to 10.6%) compared to 5–10%.17,18 These findings are reflected 
when comparing to other large prospective studies in the UK: 
REACT-1 found healthcare workers to have a higher risk of infection 
than the general population during the first and second wave of the 
pandemic,19,20 with risk levelling out between July and September 
2021 (the third wave).21 Whilst we are unable to determine the 
reasons for these higher peaks of infection rate, there are multiple 
factors that may have contributed including how individuals tra-
velled to and from work, how healthcare workers interacted with 
each other in the work environment, the ventilation in the hospital 
environment both in wards and staff areas, the numbers of infected 
individuals in the hospital, and the adherence to PPE and RPE worn 
by healthcare workers. 

Our finding that younger participants, particularly under 25 
years, were at a greater risk of infection are also reflected by REACT- 
1.19,20,22–24 This might reflect general age-related differences in risk 
perception and social mixing behaviour,25,26 or uncaptured con-
founders such as cohabiting with other essential workers.27 

It should be noted that direct comparisons of cumulative in-
cidence or peak incidence must be made with caution, given dif-
ferences in wave definitions, the close contact and clustered nature 
of the hospitals, and testing availability between healthcare workers 
and the general population. Furthermore, ONS data analyses that 
considered their findings according to occupation types found mixed 
results with regards to healthcare workers, with broader definitions 
than those used in our inclusion and exclusion criteria.28 We con-
sider SIREN to be more appropriately positioned to measure the 
burden of the pandemic on the UK’s secondary care healthcare 
workforce, and establish the occupational risk factors in these par-
ticular patient-facing populations and settings. 

The main strengths of this study are that it is prospective, with 
the ability to survey participants with regards to their exposures 
prior to their infection status being known to them, and it is large 
with representation from across the four nations of the UK (England, 
Northern Ireland, Scotland and Wales), comprising data from over 
30,000 participants throughout the workforce and over 500,000 
exposure questionnaires. It is also comprehensive, capturing all PCR 
results available, even from samples taken outside of the SIREN 
study’s protocol through linkage to national testing data. 

One limitation to this study is that SIREN’s primary aim was to 
study reinfection and vaccine effectiveness, rather than the in-
tricacies of time-variable occupational risk factors for infection. 
Therefore, the data collection regarding these exposures, which re-
lies on self-reporting and a brief follow-up questionnaire, are less 
detailed than from a purposefully designed prospective study. Data 
on specific PPE and RPE use has a high risk of reporting and recall 
bias, and our questionnaires focussed on perceived breaches that 
would have differed by definition according to dynamic local po-
licies. In addition, fortnightly questionnaire did not detail specific 
PPE or RPE use for each encounter. We suspect that a large propor-
tion of the organisation-level variation seen in each wave are due to 
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these uncaptured differences in policy. Capturing robust, individual 
PPE/RPE and occupational role/setting data requires purposefully 
designed controlled prospective studies, particularly during winter 
pressures, to provide higher quality evidence of the impact of oc-
cupational roles, staff behaviours and the built environment on in-
fection risk. 

Throughout the four waves included in this analysis there were in-
cremental changes to IPC guidance over time.10 As evidence emerged, 
there was an increased emphasis on some aspects, such as droplet/air-
borne routes, and less emphasis on the contact route and the need for 
measures such as additional cleaning. Risk pathway changes were made 
in August 2020 with further updates to risk assessment tools in July 
2021, and there were isolation period changes September 2021. A further 
important change was moving from pandemic pathways back to 
transmission-based precautions in November 2021.29 All of these are 
potentially important confounders when assessing workplace-related 
factors, and we currently lack evidence for their effectiveness. Our 
analysis shows novel insights into how these factors, along with changes 
in occupational, household and community exposures, contributed to a 
shifting healthcare worker population-at-risk. 

In conclusion, we found that certain healthcare workers in spe-
cific settings were at a higher risk of SARS-CoV-2 infection during 
the second wave of the pandemic, with changes in the factors con-
tributing to infection after the emergence of the omicron variants, 
highlighting the unpredictability of infection dynamics even within 
an established pandemic. The risk factors for infection shifted over 
the course of the pandemic, likely driven by differences in social 
mixing patterns between each wave. The finding that household and 
community factors were the main contributors to risk throughout 
successive waves, underscores the importance of considering ex-
posures outside the hospital, in efforts to protect the healthcare 
workforce. Occupational factors were associated with infection risk 
during the second wave and highlight potential opportunities to 
interrupt transmission in healthcare settings. The evidence-base on 
effective interventions to protect healthcare staff remains under-
developed and merits further research to inform policy and guidance 
to prepare for both future pandemics and seasonal pressures, par-
ticularly winter surges of respiratory viruses.30 This study under-
scores the importance of purposefully designed prospective studies 
to measure IPC intervention effectiveness including PPE, RPE and 
ventilation, and to address possible contributory factors such as 
shared travel, shared healthcare worker households and other non- 
work based healthcare workers interactions. 
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