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ABSTRACT
Objectives An initial report of findings from 1.14 million 
SARS CoV-2 serology tests in National Health Service 
(NHS) staff to compare NHS staff seroconversion with 
community seroconversion rates at a regional level.
Design A national cross- sectional survey.
Setting A SARS- CoV-2 antibody testing programme 
offered across all NHS Trusts.
Participants 1.14 million NHS staff.
Intervention SARS- CoV-2 antibody testing.
Primary and secondary outcome measures SARS- CoV-2 
antibody testing was used to estimate the seroprevalence of 
SARS- CoV-2 in NHS staff by region, compared with community 
seroprevalence as determined by the COVID-19 Infection 
Survey (Office for National Statistics). We also explored 
seroprevalence trends by regional COVID-19 activity, using 
regional death rates as a proxy for COVID-19 ‘activity’.
Results 1 146 310 tests were undertaken on NHS staff 
between 26 May and 31 August 2020. 186 897 NHS tests 
were positive giving a seroconversion rate of 16.3% (95% 
CI 16.2% to 16.4%), in contrast to the national community 
seroconversion rate of 5.9% (95% CI 5.3% to 6.6%). There 
was significant geographical regional variation, which mirrored 
the trends seen in community prevalence rates. NHS staff were 
infected at a higher rate than the general population (OR 3.1, 
95% CI 2.8 to 3.5). NHS seroconversion by regional death rate 
suggested a trend towards higher seroconversion rates in the 
areas with higher COVID-19 ‘activity’.
Conclusions This is the first cross- sectional survey assessing 
the risk of COVID-19 disease in healthcare workers at a 
national level. It is the largest study of its kind. It suggests 
that NHS staff have a significantly higher rate of COVID-19 
seroconversion compared with the general population in 
England, with regional variation across the country which 
matches the background population prevalence trends. There 
was also a trend towards higher seroconversion rates in areas 
which had experienced high COVID-19 clinical activity. This 
work has global significance in terms of the value of such a 
testing programme and contributing to the understanding of 
healthcare worker seroconversion at a national level.

INTRODUCTION
In December 2019, the first cases of an 
unknown disease were reported in Wuhan, 

China. The causative organism was subse-
quently identified to be a novel corona-
virus, SARS- CoV-2, which results in a clinical 
disease called COVID-19. COVID-19 causes a 
wide spectrum of presentations in humans, 
varying from asymptomatic infection to a 
mild/non- specific predominantly respiratory 
infection, to severe disease with respiratory 
failure, multiorgan failure and death. Cases 
quickly spread worldwide and COVID-19 was 
classified as a global pandemic on 11 March 
2020. As of 9 November 2020, there had been 
approximately 50 million reported cases and 
1.25 million deaths as a result of COVID-19 
in 214 countries.1 In England, there had 
been 1.02 million confirmed cases and 43 191 
deaths (49 044 deaths in the UK).2 The 
impact on healthcare and society has been 
profound, both in England and globally. Miti-
gating future waves and epidemics is a public 
health priority globally.

In many epidemics, healthcare workers 
(HCWs) have been reported to be at 
increased risk of occupational infection and 
have been suggested to be a source of onward 

Strengths and limitations of this study

 ► The key strength of this report is the large sample 
size (n>1.14 million) which is substantially larger 
than similar reports and the national coverage.

 ► This is a technical report and not a research project 
which results in many limitations (outlined in the 
Discussion section).

 ► This report is restricted to data from a period during 
the first wave of the pandemic (May to August 2020)

 ► Due to the limitations discussed, this report is not 
able to answer crucial questions on transmission 
dynamics of hospital- associated infections, includ-
ing drivers of infection, direction of transmission, 
risk factors for infection and at- risk groups.
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transmission to other HCWs, patients, and within their 
community. This is true in both respiratory and non- 
respiratory infectious outbreaks. For example, 21% of 
the 2003 SARS epidemic cases globally were thought to 
involve HCWs3 with a higher proportion (between 37% 
and 63% of suspected cases) reported in highly affected 
countries4 and much of the disease worldwide associated 
with hospital- based outbreaks.5 6 A meta- analysis of the 
occupational risk of influenza A (H1N1) infection among 
HCWs during the 2009 influenza pandemic showed 
they were at increased risk of infection (OR 2.08 (95% 
CI 1.73 to 2.51))7; a wider systematic review of HCWs’ 
risk of influenza compared with other healthy adults in 
non- healthcare settings (across 60 years and 97 influenza 
seasons, n=58 245) showed a significantly higher risk of 
infection in HCWs (incidence rate ratio of 3.4 (95% CI 
1.2 to 5.7) in unvaccinated HCWs, and 5.4 (95% CI 2.8 
to 8.0) in vaccinated HCWs)8; and HCWs were reported 
to have a relative risk of acquiring Ebola Virus Disease 
(during the 2013–2016 epidemic) of more than 100 
times compared to the general population.9 10 This trend 
is also seen in early reports of COVID-19. In Wuhan, 
China, where the incidence of infection was higher in 
HCWs than the general public.11 Self- reported data on 
the COVID-19 Symptom Study app in the UK and USA 
suggested that frontline HCWs had at least a threefold 
increased risk of infection compared with non- HCWs12; 
and HCW SARS- CoV-2 seroprevalence in a large acute 
care hospital in Sweden showed an increased occupation 
health risk with higher seroprevalence (19.1%) in HCWs 
than the regional rate.13

Despite the clear risk to HCWs and the risk they pose 
to patients, to one another and to those with whom they 
have contact in the community, there remains a lack of 
comprehensive data on HCW infection, exposure and 
seroconversion.12 Nosocomial transmission (transmis-
sion of infection related to a healthcare setting) has 
been postulated as playing a key role contributing to the 
current pandemic both internationally and in England, 
although the exact contribution remains unknown.14–17 
Although the importance of this transmission pathway 
remains unclear, modelling has suggested that at least 
10% (95% CI 4% to 15%) of all COVID-19 infections 
in England between 26 April and 7 June 2020 were in 
HCWs.14

Serology (or antibody) tests can be used to determine 
an antibody response in the blood of those who have previ-
ously been infected with SARS- CoV-2, including those 
with asymptomatic and mild infection. The serology test 
should be taken at least 2–3 weeks after infection to allow 
enough time for an immune response to develop and be 
reliably detected. However, it remains positive for at least 
several months, although the exact window is unclear and 
is an active area of current research.18

This is an initial report of findings from 1.14 million 
serology tests in National Health Service (NHS) staff 
and is the largest study of its kind. This work will inform 
NHS planning for subsequent waves of the COVID-19 

pandemic in England, and it has global significance in 
terms of the value of such a testing programme and the 
conclusions that can be drawn from this study.

METHODS
In May 2020, the Secretary of State for Health and Social 
Care made a commitment to offer a SARS- CoV-2 anti-
body test to all NHS staff who wanted it as part of the 
COVID-19 response. Thus, a rapid testing programme 
was established. This report uses data from NHS England 
and Improvement (NHS E&I), obtained routinely as part 
of this testing and surveillance programme.

The antibody testing programme began data collec-
tion on 26 May 2020 and the data set used in this report 
includes tests taken from that date up to, and including, 
31 August 2020. Each employing trust was tasked to 
ensure every employee was offered a test and the uptake 
of these tests was reported on a daily basis to NHS 
England and the Department of Health and Social Care. 
A total of 1 146 310 tests were undertaken on NHS Trust 
staff. This represents an approximate coverage of 89% 
of the total 1.29 million reported NHS Trust staff.19 The 
tests were provided on an appointment basis and data 
were recorded against human resources databases. No 
repeat testing was agreed. Therefore, it was anticipated 
that duplication of testing would be minimal. This study 
includes any sample reported as being sent from an NHS 
Trust or Foundation Trust, including samples obtained 
from acute, community and mental health trusts. Samples 
were submitted from 195 out of 218 NHS Trusts. Of note, 
primary care samples were excluded.

All data were anonymised and as this is a technical 
report based on the data available, not a research project, 
individual consent was not obtained. The only metadata 
included in this report is the region where the sample 
originated. For the purpose of analysis, the referral source 
of samples was assumed to be the employing organisation 
and used by NHS E&I to determine the region of origin.

Serology testing
Blood samples were drawn using standard venepuncture 
techniques. Prepared serum samples were then analysed 
for SARS- CoV-2 antibodies using a range of commercially 
available immunoassays, depending on the laboratory 
where the sample was processed. The assays included 
those targeted at antibiodies directed against the spike 
protein (Diasorin and Ortho Clinical diagnostics), the 
nucleocapsid protein (Abbott and Roche), and a range of 
immunoglobulin proteins (IgG—Abbott and Diasorin), 
or total immunoglobulins (IgM and IgG—Ortho Clinical 
diagnostics and Roche). Results were reported as positive, 
negative or equivocal at cut- offs defined by the manufac-
turer. Results were reported into the local laboratory infor-
mation system. Laboratories submit aggregated antibody 
test data on a daily basis (midnight to midnight) to NHS 
E&I, where it was logged via the Pathology Laboratory 
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Activity and Capacity Electronic Reporting Systems, an 
online portal for collection of COVID-19 test data.

Comparator community data
To contextualise the findings in NHS staff, data from the 
COVID-19 Infection Survey (CIS) run by the Office for 
National Statistics (ONS) were used. This study aims to 
determine COVID-19 infection in the general popula-
tion and produces (among other parameters) estimates 
of the number and percentage of people testing positive 
for antibodies in the community population in England 
(ie, background seroprevalence). It includes a survey as 
well as reverse transcription (RT)- PCR viral testing and 
serology testing in a subset of the cohort.20 This study 
uses summary data provided by ONS regarding the total 
number of serology tests undertaken and the number 
which were positive, by geographical region in England. 
It is limited to the working age population only (ie, those 
aged 18–65 years old). These data were collected between 
26 April and 8 September 2020 to provide a comparable 
time frame.

Statistical analyses
All statistical analyses were undertaken using Stata V.14 
(Stata Corp, College Station, Texas, USA). Odds Ratios 
(OR) were calculated to determine the likelihood of 
infection in NHS staff compared with background 
community population seroprevalence rates. All analyses 
are unweighted. Furthermore, we examined whether 
there were any trends in seroprevalence rates by regional 
COVID-19 activity, using regional COVID-19 death rates 
as a proxy for COVID-19 activity.2

Patient and public involvement
No patients were involved, this is a working report and 
not a formal research study (please see the Discussion 
section).

RESULTS
The NHS staff serology testing programme under-
took 1 146 310 tests on NHS staff from 195 NHS Trusts 
between 26 May and 31 August 2020. A total of 186 897 
tests were positive. The overall proportion of positive 
COVID-19 serology tests in NHS staff is 16.3% (95% CI 
16.2% to 16.4%). However, there is significant geograph-
ical regional variation, with the highest rates in London 
(23.9%) and lowest in the South West (8.9%) (table 1). 
The regional variation is statistically significant across all 
regions (p<0.001, Χ2 test).

Comparing NHS staff data with data from the commu-
nity population (CIS, ONS), the NHS regional trends 
mirror the regional variation in community prevalence 
rates reported (ie, the rankings for seroprevalence match, 
with the minor exception of the East of England and 
North West alternating between second and third highest 
when comparing the NHS with ONS data). However, 
across all regions, the NHS seroprevalence rates show Ta
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a highly significant difference when compared with the 
community population level seroprevalence rates (with 
no overlapping CIs between the two groups).

ORs were calculated to determine the likelihood 
of infection in NHS staff compared with background 
community population seroprevalence rates. NHS staff 
were infected at a higher rate than the general popula-
tion (OR 3.1, 95% CI 2.8 to 3.5) (table 1). Of note, the 
community data are based on a relatively small sample 
with wide CIs.

The trend between NHS seroconversion and regional 
death rate (per 100 000 population) as a proxy for 
regional COVID-19 activity was analysed . This suggested 
a possible trend towards higher seroconversion rates in 
the areas with high death rates (figure 1). Given this anal-
ysis is limited to 8 data points, the statistical significance 
of this trend has not been calculated.

DISCUSSION
To our knowledge, this report is the first cross- sectional 
survey assessing the risk of COVID-19 infection in HCWs 
at a national level. The report suggests that NHS staff are 
at higher risk of COVID-19 compared with the general 
population in England: the overall proportion of positive 
SARS- CoV-2 serology tests in NHS staff is 16.3%, while 
for the general population in England the equivalent 
seroprevalence is 5.9%. There was regional variation 
across the country and areas which experienced a high 
prevalence of COVID-19 in the general population, for 
example London, also showed an increased prevalence 
in NHS staff (11.7% vs 23.9% respectively). Throughout 
the country, NHS staff showed a significantly higher rate 
of infection than the community as a whole, with an Odds 
Ratio of having a positive test of 3.1 (95% CI 2.8 to 3.5). 
There was also a trend towards higher seroconversion 

rates in areas which had experienced high COVID-19 
clinical activity (defined by regional COVID-19 death rate 
as a proxy marker).

HCW infection
Comprehensive comparator data on HCW infections 
are limited. The estimates of risk of infection for HCWs 
are variable and the findings conflicting: most reports 
suggest a higher level of infection in HCWs compared 
with the general population (both by RT- PCR and anti-
body testing),13 21 although other studies have suggested 
that infection rates in HCWs reflect the community 
incidence rate.22 Of note, this report suggests that the 
rates of infection in NHS staff are not as high as some 
previous estimates reported from England, notably 
social medial reports of seroprevalence up to 60%.23 
Studies have estimated seroprevalence to be between 
15% and 45% in HCWs in patient- facing roles and 
3%–25% overall.21 24–26 These rates are thought to vary 
by specialty,27 but the infection rates between different 
subgroups vary by report. Contrary to expectations, one 
UK study suggests that intensive care clinicians had the 
lowest infection rate, while cleaners had the highest rate, 
along with acute and general medicine clinicians and 
those of black, Asian, and minority ethnic background.26 
Overall, the highest reported seroprevalence was from a 
central London hospital during a 1- month period at the 
peak of the epidemic (March–April 2020) where 45% of 
clinical staff had positive antibody tests and 21% tested 
RT- PCR positive for current infection.21 In comparison, 
European studies show an HCW seroprevalence rate 
of 19.1% in Sweden,13 4% in Denmark28 and 13.9% in 
Italy.29 Several studies noted that a high proportion of 
HCWs had asymptomatic or mildly symptomatic infec-
tions, including English data suggesting that 57% and 
81% of PCR- positive HCWs had few or no symptoms.21 30 

Figure 1 Scatter plot of NHS staff seroprevalence by ‘COVID-19 activity’, as determined by regional death rate (per 100 000 
population). NHS, National Health Service.
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This is concerning in terms of unrecognised transmission 
risk. Furthermore, unpublished preliminary modelling 
data from Public Health England estimated that 20% of 
inpatient infections, and up to 73% of HCW infections, 
were hospital acquired.31 Unpublished genomic data 
suggest that staff- to- staff transmission is likely to play a 
more significant role than patient- to- staff or vice versa in 
the hospital setting.32

There are numerous reasons why HCWs are at high 
risk of infection including a higher contact rate with 
infected individuals, higher viral exposure to SARS- CoV-2 
while caring for severely ill infectious patients, contact 
with vulnerable populations (with comorbidities and risk 
factors for COVID-19 infection), difficulty in distancing 
while providing clinical care to patients and within social 
spaces in hospitals, personal protective equipment (PPE) 
shortages, variable use of PPE particularly in the early 
stages of the pandemic, working in indoor settings, and 
the inability to stay at home during lockdown due to 
work commitments, which is associated with an increased 
number of contacts and risks. Indeed, as outlined above, 
the role of staff- to- staff transmission appears to be partic-
ularly important in transmission chains (from both 
modelling and genomic data).15–17 31 32 Furthermore, the 
cumulative repeat exposure of HCWs over time is likely 
to be high, which may lead to some immunity generation 
and thus, potentially render them at higher risk of asymp-
tomatic reinfection. This is particularly important as we 
endure further waves, due to the increased risk of onward 
infection in those who are asymptomatic or mildly symp-
tomatic and continue to work. However, vaccination 
programmes may change the profile of the risks outlined.

HCW infection can create additional problems over 
and above the infection itself: they can expose hospital-
ised patients—a more vulnerable population; they may 
impact the workforce capacity of the NHS at a time of 
peak demand, particularly with the possiblity of long 
COVID having a longer- term impact on ability to work; 
and they provide a route to amplify transmission by 
seeding infection in the community which can occur via 
discharging infectious patients and via transmission to 
contacts of HCWs and patients.

Lessons learnt
Understanding the dynamics driving the COVID-19 
pandemic is essential to improve NHS planning, espe-
cially during the winter period, which brought the second 
wave of COVID-19, and with the potential for additional 
waves in the future. This study is based on data from the 
first wave of infection in England and, therefore, may not 
be representative of the current situation. However, we 
can learn important lessons from the first wave and there 
needs to be an intensified focus on strategies to prevent 
infection and protect both HCWs and patients. Potential 
strategies include robust, appropriate and ample PPE; 
education in infection, prevention and control, including 
hand washing, respiratory hygiene, cleaning of hospital 
environments and equipment, and donning and doffing 

(putting on and taking off) PPE; enhanced physical 
distancing within the hospital environment (especially 
in staff rest areas, waiting rooms); improving ventila-
tion where possible (eg, increase airflow); cohorting of 
infected and non- infected patients in different areas; 
minimising staff movement and circulation between 
infected and uninfected areas; maximising remote 
working and consultation where possible; and enhanced 
testing of staff and patients.

Strengths and limitations
The key strength of this report is the sample size and the 
national coverage which gives a thorough and unique 
picture of seroprevalence in HCWs. The study popula-
tion is substantially larger than similar reports and while 
it provides useful insights it also highlights the need 
for a better surveillance system linked to granular data 
regarding risk factors (including staff role, clinical loca-
tion, age, sex, ethnicity) and further prospective studies to 
be undertaken to allow critical questions to be answered.

This is a technical report and not a research project, 
meaning there are a number of limitations. Firstly, it is a 
cross- sectional snapshot of one data time point and there-
fore, it is unable to address many key questions about the 
source of infection in NHS staff. Furthermore, the data 
were not collected for research analysis and this intro-
duces many limitations related to the data and limits the 
conclusions which can be drawn. For example, there was 
no specific sampling frame, but given the high coverage 
rate, these data provide insight on a high proportion of 
the NHS staff population (although it is unlikely to be 
fully random or representative); the data are incom-
plete and there is a lack of associated metadata given the 
anonymisation; we are unable to confirm de- duplication 
of the data set, although the study team thought that the 
number of duplicate results was likely to be so small that 
it would have minimal effect on the conclusions drawn 
in a data set this large. These data include all NHS Trust 
staff, including office workers. Therefore, the exposure 
risks vary considerably and may skew the results, but we 
are unable to differentiate between frontline workers or 
role within the NHS. This data set does not capture the 
whole health and social care system, such as care homes 
and primary care. We are also only able to determine tests 
at a regional level and are unable to investigate trust level 
variability.

Another important consideration is that this testing 
programme only used antibody production as a marker 
for infection. There are many critical immunological 
questions, and this is a very active area of research, 
including the role of T- cell immunity in COVID-19 infec-
tions. This study, therefore, may underestimate infection 
as it only uses antibody seroconversion, which may wane 
over time, and it does not capture any element of T- cell 
immunity or antibody waning or changes in seropreva-
lence. Serological testing may also have a lower sensitivity 
than RT- PCR testing and it would have been useful to 
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incorporate contemporaneous RT- PCR data to enable 
more thorough exploration of NHS staff infections.

We were only able to use a simplistic comparison of 
seroprevalence between NHS staff and the general popu-
lation given the data available. However, both data sets 
use national cohorts, although there are many differ-
ences between these populations that may generate bias, 
including: the sampling frames between the two groups 
are different; the slightly different sampling timelines; 
variations in the availability of testing; and the serological 
assays used may be different (both between the groups 
and across sites within the NHS cohort) with different test 
performance characteristics making direct comparisons 
less robust.33

Future research
Finally, given the data constraints, particularly the lack 
of metadata, we were unable to undertake any granular 
analysis or weight the initial analysis presented here. To 
be able to fully understand the critical issue of infection 
risk in NHS staff, better surveillance systems and data 
are urgently required, including linked epidemiolog-
ical and genomic data which may allow many questions 
to be answered which would not be addressed by tradi-
tional epidemiological data alone, for example, direc-
tion of transmission and drivers/risk factors associated 
with transmission. Furthermore, given the association 
between infection rate and ethnicity, a study including 
breakdown of ethnicity is needed to add to this important 
field of research. The SIREN (SARS- CoV-2 Immunity & 
Reinfection Evaluation) Study, a large- scale HCW survey 
to measure prevalence and incidence, is one such study 
which will advance our understanding in this field.34 This 
study will collect comprehensive data on HCWs and allow 
a more detailed analysis to address key concerning ques-
tions, including those highlighted by the Royal Society 
Delve Initiative report on nosocomial infection14: does 
HCW infection differ by role in hospital, clinical setting, 
ethnicity, availability of PPE?; what drives infection (eg, 
staff- to- staff, patient- to- patient, staff- to- patient or patient- 
to- staff transmission)?; where does transmission occur 
(on wards, theatres, rest areas)?; how does staff movement 
amplify disease spread?; what fraction of HCW infection 
can be attributed to occupational infection rather than 
community acquisition?; and what fraction of commu-
nity cases are likely seeded from HCW or other hospital- 
related causes? This paper is high level, but the hope is 
that it stimulates discussion and further work to identify 
and address the key missing questions.

SUMMARY
In conclusion, this study provides valuable insights 
into the dynamics of COVID-19 infection in NHS staff 
in England at a national level during the first wave of 
the pandemic. It confirms previous findings (for both 
COVID-19 and other respiratory infection outbreaks) 
showing significant increased risk of infection in HCWs 

and suggests that NHS staff are at higher risk of acquiring 
infection than the general population. Additional future 
research is needed to address key questions and should 
focus on understanding the drivers of transmission, the 
identification of high- risk subgroups among HCWs and 
how infection is spread (eg, mechanism and direction of 
transmission) within hospital settings. Genomic studies 
and adequately powered, prospective cohort studies will 
play a key role. Prevention of infection in both HCWs 
and patients is possible with optimal infection prevention 
and control practices and could have a substantial impact 
on the scale and resurgence of future waves of COVID-
19. NHS planning for subsequent waves of COVID-19 
in England must include a focus on the development of 
targeted strategies to minimise nosocomial infection and 
protect both NHS staff and patients. This is especially 
important given the extra pressures on the NHS during 
winter.
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