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A B S T R A C T

Background: Healthcare workers (HCW) are a crucial part of the workforce but are also at potentially at
increased risk of infection from SARS-CoV-2. Emerging evidence has suggested specific groups of HCW are at
further increased risk particularly those from Black, Asian and Minority Ethnic (BAME) groups. Previous
reports have not examined risk factors associated with contracting the virus and were reported prior to the
pandemic peak in the UK.
Methods: Staff testing in our facility commenced on the 1st April and all individuals were entered into a data-
base. Repeat testing was used for the first 3 weeks for those initially testing negative. Demographics includ-
ing age, sex, occupation and ethnicity were recorded. Occupation was divided into acute frontline (e.g. ITU),
frontline, clinical support staff and non-clinical staff. Final testing status was analysed using univariate and
multivariable analysis to determine independent associations with age, sex, occupation and ethnicity.
Findings: 991 individuals (mean age 42.6 years, 145 males) were tested over a 4 week period and overall 440/
991 (43.4%) tested positive for SARS-CoV-2. SARS-CoV-2 RNA detection rates were significantly higher in the
first week of testing (59.0%) compared to week 2 (odds ratio 0.59), week 3 (odds ratio 0.32) and week 4
(odds ratio 0.23)(all p<0.001). Multivariable analysis showed no increased risk SARS-CoV-2 RNA detection
with age (odds ratio 1.01, 95% confidence interval 0.99 - 1.03, p = 0.22), male sex (OR 1.03, 95% CI 0.59 - 1.79,
p = 0.92), acute frontline work (OR 0.79, 95% CI 0.53 - 1.17, p = 0.23) or BAME status (OR 1.08, 95% CI 0.56 -
2.07, p = 0.84).
Interpretation: A robust healthcare worker testing strategy is a crucial component of managing the workforce
during the SARS-CoV-2 pandemic. No specific variables were identified that altered the risk of SARS-CoV-2
RNA detection including age, sex, occupation and ethnicity.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) pandemic has been a major challenge for healthcare systems
throughout the world. As of 3rd May 2020, Public Health England
(PHE) has reported >186,000 cases and >28,000 deaths in the UK [1].
One of the key strategies for reducing the spread of the virus has
been testing of healthcare workers as it was clear that there was a
significant burden in Hubei province [2,3]. Reports from 2 different
centres in the UK have shown some advantages of this strategy in the
early phase of the pandemic [4,5]. Both of these reports analysed the
role of staff testing during March 2020 prior to the peak of the pan-
demic in the UK and both had detection rates of 18% and 14% respec-
tively [4,5]. Both reports supported return to work for healthcare
workers who tested negative and symptoms had subsided. One
report provided evidence that nosocomial transmission of SARS-CoV-
2 is unusual as the detection rate was not significantly different in
frontline healthcare workers compared to non-clinical staff [5]. This
has also been supported by a small study in a primary care setting 6]
Both of these reports analysed the period prior to country wide
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Research in Context

Evidence Before This Study

Healthcare workers are potentially at increased risk of contract-
ing SARS-CoV-2 and there is concern that this may be higher
still for some individuals such as those in the BAME community.
Previous reports have examined risk factors associated with
clinical course once diagnosed but not variables associated
with contracting the virus.

Added Value of This Study

Age, sex, occupation and ethnicity are not associated with
increased risk of contracting SARS-CoV-2.

Implications of all the Available Evidence

Healthcare workers with appropriate personal protective
equipment and isolation protocols are not at increased risk of
contracting SARS-CoV-2 in the work environment. Age, sex,
occupation and ethnicity do not modify the risk of contracting
SARS-CoV-2 but clearly have been shown to alter the clinical
course once the disease is acquired. This data will help to
inform policy when risk assessing healthcare workers during
the coronavirus pandemic.
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restrictions implemented by the government, each used a single test-
ing strategy and did not examine if there were any features associ-
ated with increased risk of testing positive for SARS-CoV-2. There
have been significant concerns that individuals from Black, Asian and
Minority Ethnic (BAME) groups are at a higher risk from SARS-CoV-2
[7-9]. It is unclear whether current increased incidence in mortality
within this group is due to increased incidence of infection, increased
co-morbidity or other extrinsic factors [8,9]. We report the results of
the staff testing programme for April 2020 in a large acute NHS Trust
in the UK and examine the characteristics of affected healthcare
workers including ethnicity.
Fig. 1. Daily breakdown of SARS-CoV-2 tests performed on staff at County Dur
2. Methods

County Durham and Darlington NHS Foundation Trust (CDDFT)
employs circa 7500 (of which 750 are medical), including temporary
staff throughout 2 main hospital sites, 6 community hospitals and
additional community services. Between these sites, there are 950
hospital beds including 22 for intensive care. During the pandemic
this was expanded to 1250 hospital beds with 60 for intensive care.
The Trust delivers acute and chronic medical and surgical services
and is similar to other institutions within the UK [4,5]. On the 1st
April, testing was commenced for staff with symptoms suggestive of
SARS-CoV-2 coordinated by the Occupational Health and Wellbeing
department. Strict criteria were applied such that only staff members
with fever and/or persistent cough within 5 days of onset of symp-
toms were eligible for testing. This criteria was in line with the self
isolation guidance provided by Public Health England. Staff had
already been following PHE guidance and were self isolating for
7 days if they had experienced high temperature or persistent cough.
Occupational health staff carried out a telephone screening assess-
ment and then arranged booked appointments into one of the onsite
testing pods. All swabs were taken by fully trained and dedicated staff
using standardised methods from the oropharynx alone or orophar-
ynx and nasopharynx. Swabs were securely sealed and transported
to the regional testing laboratory where the samples were assayed
for SARS-CoV-2 RT-PCR (RdRp assay; Public Health England) which is
the antigen (RNA testing). Results were received by the Occupational
Health and Wellbeing department as either “detected” or “not
detected”. During the period 1st April to 20th April, those receiving a
“not detected” result were contacted and a second swab arranged to
account for potential false negative results. On receiving final results,
staff were sent an email with clear instructions regarding continuing
self isolation or return to work . Repeat testing yielded a further 16
SARS �CoV-2 RNA detected results out of 384 repeated tests (4.2%),
therefore this process was discontinued with the assumption that
our methods were yielding lower false negatives than expected and
that as 95.8% of those tested double negative that we could switch to
the method used by surrounding trusts. Single testing commenced
from 21st April.

Staff were therefore designated with a final status of “detected” or
“not detected”. Staff with a final status of “not detected” were able to
return to work if their symptoms had resolved or if the only
ham and Darlington NHS Foundation Trust 1st - 28th April 2020 (n = 991).



Table 2
Demographic features and SARS-CoV-2 incidence in healthcare
workers.

Variable N Detected (%) p

Age band
�24 62 31 (50%) 0.10
25 - 34 238 100 (42.0%)
35 - 44 218 85 (39.0%)
45 - 54 296 137 (46.3%)
55 - 64 162 83 (51.2%)
�65 15 4 (26.7%)

Sex
Male 145 63 (43.4%) 0.86
Female 846 377 (44.6%)

Ethnicity
White 572 244 (42.7%) 0.37
Indian subcontinent 22 10 (45.5%)
Chinese Asian 4 4 (100%)
Other Asian 9 3 (33.3%)
Mid East 2 1 (50%)
African 5 1 (20.0%)
Other ethnic group 7 2 (28.6%)
Not stated/declined 370 175 (47.3%)

Occupational role
Nursing/medical 584 282 (48.3%) 0.19
Allied health professional 73 34 (46.6%)
Clinical support staff 29 8 (27.6%)
Non clinical 52 24 (46.2%)
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remaining symptom was cough. Staff who tested positive were told
to self isolate until at least day 8, return to work was then appropriate
once symptoms had resolved.

A prospective database was used to track staff who had under-
gone SARS-CoV-2 testing and included age, sex, ethnicity and occupa-
tion. Occupational roles were divided into several categories
including nursing/medical, allied healthcare professional, clinical
support staff and non-clinical staff. Occupations were divided into 4
groups; acute frontline services (e.g. accident and emergency, inten-
sive care, acute admissions), patient facing services (e.g. medical
wards, surgical wards), non-patient facing but possible higher risk
(e.g. domestic, laboratory staff) and non-clinical staff. Ethnicity was
coded as per the 2001 census data.

2.1. Data analysis

Data was analysed using MedCalc Statistical Software version 19.2.1
(MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2020). Trends in test results were displayed graphically using final sta-
tus of each individual from first day of testing. Differences in age, sex,
ethnicity and occupation were analysed using proportional analysis
with either the chi squared test or Fishers exact test. Occupation was
also analysed as per Hunter [5] and colleagues to allow comparison at a
different phase of the pandemic. Multiple logistic regression analysis
was also performed to determine whether any independent variables
were associated with SARS-CoV-2 RNA detection. To assess for interac-
tion between variables the analysis was repeated using different combi-
nations of interaction variables. The combinations used were
sex*occupation, sex*BAME and BAME*occupation.

2.2. Ethical considerations

This report is a description of the standard clinical care provided
by the Occupational Health and Wellbeing department at CDDFT and
was registered with the clinical effectiveness department. This study
adhered to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines for reporting observational
studies.

2.3. Role of the funding source

This study was not funded.

3. Results

Over the period 1st April 2020 to 28th April 2020, 1378 tests for
SARS-CoV-2 were performed in 991 healthcare workers at CDDFT
(145 males, mean age 42.6 years). 387 staff underwent repeat testing
due to non detection of SARS �CoV2 RNA during the repeat testing
period. Of this group, SARS �CoV-2 RNA was detected in additional
16 individuals on the second test. Therefore, overall incidence of
SARS �CoV2 RNA detection was 440/991 (43.4% 95% confidence
interval 41.3% - 47.5%). 551 staff members were eligible for return to
work if symptoms allowed. To our knowledge, a very small number
of those in whom SARS-CoV-2 RNA was detected were hospitalised.
Table 1
SARS-CoV-2 positive testing rates per week.

Number of tests Detected (%) Odds ratio (95%
confidence interval)

p

Week 1 222 131 (59.0%) Reference �
Week 2 301 138 (45.8%) 0.59 (0.41 - 0.84) 0.0029
Week 3 258 95 (36.8%) 0.32 (0.22 - 0.46) <0.0001
Week 4 210 76 (36.2%) 0.23 (0.16 - 0.34) <0.0001
Fig. 1 shows the daily breakdown of staff testing results with a clear
rapid increase in tests performed per day peaking in week 2 and then
slowly reducing by week 4. SARS �CoV-2 RNA detection rates were
significantly higher in the first week of testing (59.0%) compared to
subsequent weeks and is shown in table 1. SARS �CoV-2 RNA detec-
tion was higher in the repeat testing period (364/781 vs 76/210,
p = 0.008) however this is likely due to the increased incidence in the
tested population in the first three weeks. There was no difference in
the SARS �CoV-2 RNA detection rate when comparing week 3 to
week 4 (95/258 vs 76/210, p = 0.88).

Table 2 shows the different characteristics of the cohort with inci-
dence of SARS �CoV-2 RNA detection for each demographic. Data
was available for occupational role for 738 individuals (74.5%). There
was no significant difference in SARS �CoV-2 RNA detection rates
when comparing different age bands (p = 0.10) or sex (p = 0.86).
Although the incidence of SARS �CoV-2 RNA detection was lower in
clinical support staff (27.6%) compared to the other groups this was
not statistically significantly different (p = 0.19). Those who were
judged to be in acute frontline services did not have significantly dif-
ferent incidence of SARS �CoV-2 RNA detection compared to the
other groups (107/227 vs. 243/517, p = 0.97). Using the same occupa-
tional groups as Hunter and colleagues [5] there were no statistically
significant differences in SARS �CoV-2 RNA detection between the
groups (group 1 48.1%, group 2 36.0%, group 3 42.6%, p = 0.21). The
incidence of SARS-CoV2 RNA detection in the group with missing
occupational role was 90/253 (35.6%).

Regarding ethnicity, there were 658 (66.4%) individuals with a
recorded ethnicity of which 51 (7.8%) were BAME codes. In February
Table 3
Results of multivariable analysis for SARS-CoV-2 testing.

Variable Adjusted odds ratio 95% confidence interval p

Age 1.01 0.99 - 1.03 0.22
Male sex 1.03 0.59 - 1.79 0.92
Acute frontline worker 0.79 0.53 - 1.17 0.23
BAME status 1.08 0.56 - 2.04 0.84

BAME = Black Asian and Minority Ethnic.

https://www.medcalc.org
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2020, the ethnicity data was collated for the 6577 permanent staff
within the CDDFT of which 6.4% (417 staff) were registered as BAME.
The proportion of BAME individuals in the Trust is not significantly
different from this sample (p = 0.19). There was no statistically signif-
icant difference in incidence of SARS �CoV-2 RNA detection between
BAME and non-BAME groups (45.1% vs. 45.3%, odds ratio 0.99, 95% CI
0.56 - 1.76, p = 1.00). However, of the 51 individuals with BAME sta-
tus 22/51 (43.1%) were doctors compared to 25/572 (4.4%) in the
non-BAME group. Therefore, individuals with BAME status were sig-
nificantly more likely to be doctors compared to their non-BAME col-
leagues (odds ratio 16.6, 95% confidence interval 8.4 - 32.9,
p<0.0001).

Multivariable analysis showed no independent variables were
associated with testing positive for SARS-CoV-2 and the results are
shown in table 3. Interaction analysis showed no significant interac-
tion between sex and occupation (p = 0.75), sex and BAME status
(p = 0.28) or BAME status and occupation (p = 0.14).

4. Discussion

This report reveals several important insights into the SARS-CoV-
2 pandemic in England. There was a very high incidence of testing
positive for SARS-CoV2 antigen particularly in the first week of test-
ing. We believe this is likely to be multi-factorial and related to more
stringent testing criteria at that time which included only persistent
cough and/or fever. The staff testing service only started at the begin-
ning of April which coincided with the peak of the pandemic in the
UK. In addition, priority was given to staff in clinical areas that were
thought to be at highest risk e.g. accident and emergency and inten-
sive care. The criteria have since changed in accordance with UK gov-
ernment guidance.

The majority of staff reporting symptoms consistent with possible
SARS-CoV-2 infection tested negative but at a lower rate than previ-
ous reports [4,5] and allows for a strategy to maximise the available
workforce. The incidence of SARS �CoV-2 RNA detection dropped
significantly over the four week period reported and mirrors the pat-
tern shown in the national testing programme [1]. Along with Hunter
and colleagues [5], this supports the suggestion that most frontline
healthcare workers contract the virus outside of the care setting and
that remained the case as the pandemic progressed in the UK with a
higher community prevalence. Furthermore, SARS �CoV-2 RNA
detection is not associated with any particular age group, sex, occu-
pation or ethnicity and no interaction was found between these vari-
ables. Importantly, although no specified characteristics were
associated with contracting the virus, this study cannot comment
upon whether any of these variables are risk factors for more severe
disease progression [10,11].

Whilst the UK appears to be "past the peak" of the pandemic it is
clear that SARS-CoV-2 will continue to influence our working lives for
many months to come. Understanding the role of a staff testing pro-
gramme allows for integration of this into a number of the recovery
strategies for the UK including "test, track and trace". Such a service will
also be crucial should there be a second peak of infection in the UK. The
present strategy shows that active testing of symptomatic healthcare
workers is effective for identifying positive cases to allow isolation but
also to maximise the capacity of the remaining workforce. There is also
some evidence that uncertainty about SARS-CoV-2 status leads to a
reduction in the available workforce and therefore a robust testing strat-
egy gives confidence to healthcare workers about returning to the
working environment [4]. It could be argued that testing of all health-
care workers would be a more robust strategy, however, the policy in
the UK at the time was to test symptomatic healthcare workers only.
There is certainly some evidence for targeting testing for healthcare
workers performing or involved in higher risk activities such as aerosol
generating procedures [12]. The reliability of the test in asymptomatic
individuals was uncertain as was the infectivity of asymptomatic
infected individuals. This study also provides additional evidence to
healthcare workers in the BAME community that they are not at
increased risk of contracting SARS-CoV-2.

There are some differences and potential limitations in this study.
This study was conducted during a different phase of the pandemic to
the 2 previous UK reports with an increased SARS �CoV-2 RNA detec-
tion rate. This may reflect more stringent testing criteria but is more
likely representative of the background population prevalence of SARS-
CoV-2 in the community. Most staff members tested during the first 10
- 14 days will have contracted the virus in late March when testing in
our institution was not available. Data in relation to specific symptoms
were not collated in this study, whether one or both symptoms are
more likely to be associated with SARS-CoV-2 is unknown. One of the
main issues is the sensitivity of the testing kit used for detecting SARS-
CoV-2 which is quoted as 80% at best [13], but for the first three weeks
our service employed routine repeat testing for those with a "not
detected" result to minimise false negative results [14]. This only identi-
fied a further 16 individuals and was therefore discontinued with the
assumption that our methods were yielding lower false negatives than
expected. The specificity has been judged to be very high with the low-
est estimate being 95% [15]. If an additional 5% of cases were to have
been found as per the previous three weeks, this would have increased
the incidence to 80/210 which would still be significantly lower than
the previous 3 weeks (p = 0.029). Repeat testing of previously positive
and recovered individuals was not undertaken routinely and no staff
member presented with a repeat episode of symptoms during the study
period. Similarly, no asymptomatic staff were tested, as per the national
strategy, but this may also have affected the overall incidence. Further
limitations include some missing data particularly in the occupation
and ethnicity variables although only individuals with complete data-
sets were entered into the multivariable analysis. Further sub-classifica-
tion of occupational role would have added more insight into risk of
testing positive as they are currently quite broad. For example, an out-
patient nurse has a different exposure to a pathologist who has a differ-
ent exposure to an ICU nurse. Other data such as underlying co-
morbidities were not recorded which may also have played a role. Also
some variables only had very small numbers such as clinical support
staff. The majority of staff tested were clinical and predominantly medi-
cal and nursing staff as would be expected and the initial testing strat-
egy was aimed at those in areas such as intensive care and emergency
services. The number of individuals with BAME coding was also small
but made up a larger proportion of the testing population compared to
the proportion registered in the workforce suggesting similar access to
testing to their non-BAME colleagues or potentially more concern for
personal risk [8,9,16-18]. The majority were from the Indian subconti-
nent but some ethnic groups were only present in very small numbers
and some were not represented at all (e.g. Caribbean). This limited the
analysis of the BAME group overall as much larger numbers would be
required to determine if a particular ethnic group were associated with
a higher risk. The prevalence of BAME healthcare workers is higher in
other areas of the country and therefore this should be interpreted with
caution and larger studies conducted. Again, this data cannot comment
upon the clinical course of those who contracted SARS-CoV-2 and this is
currently a research priority [7].

In conclusion, a robust healthcare worker testing strategy is an
important component of managing the workforce during the SARS-
CoV-2 pandemic. No specific variables were identified that altered
the risk of SARS-CoV-2 RNA detection including age, sex, occupation
and ethnicity. To understand whether there are any risk factors asso-
ciated with increased risk of SARS-CoV-2 a large, multi-centre study
would be required.
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