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Abstract

Aims: The proportion of UK oncology healthcare professionals (HCPs) infected with SARS-CoV-2 during the COVID-19 pandemic's first wave is unknown. The
primary aim of this study was to determine the SARS-CoV-2 infection and seroprevalence rates among HCPs.
Materials and methods: Patient-facing oncology HCPs working at three large UK hospitals during the COVID-19 pandemic's first wave underwent polymerase
chain reaction (PCR) and antibody testing [Luminex and point-of-care (POC) tests] on two occasions 28 days apart (JuneeJuly 2020).
Results: In total, 434 HCPs were recruited: nurses (58.3%), doctors (21.2%), radiographers (10.4%), administrators (10.1%); 26.3% reported prior symptoms
suggestive of SARS-CoV-2. All participants were PCR negative during the study, but 18.4% were Luminex seropositive on day 1, of whom 42.5% were POC
seropositive. Nurses had the highest seropositive prevalence trend (21.3%, P ¼ 0.2). Thirty-eight per cent of seropositive HCPs reported previous SARS-CoV-2
symptoms: 1.9 times higher odds than seronegative HCPs (P ¼ 0.01). Of 400 participants retested on day 28, 13.3% were Luminex seropositive (92.5% previ-
ously, 7.5% newly). Thirty-two per cent of initially seropositive HCPs were seronegative on day 28.
Conclusion: In this large cohort of PCR-negative patient-facing oncology HCPs, almost one in five were SARS-CoV-2 antibody positive at the start of the pan-
demic's first wave. Our findings that one in three seropositive HCPs retested 28 days later became seronegative support regular SARS-CoV-2 PCR and antibody
testing until widespread immunity is achieved by effective vaccination.
� 2021 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

The global SARS-CoV-2 (COVID-19) pandemic has caused
substantial morbidity and economic turmoil across the
world. Since the start of the pandemic, various populations
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in multiple countries have been tested for SARS-CoV-2
infection by polymerase chain reaction (PCR), with a wide
range of reported asymptomatic positive carrier rates
(4e80%) [1e5]. Antibody tests are the gold standard for
providing evidence of exposure to pathogens following an
adaptive immune response, including SARS-CoV-2 infection
[6,7]. Rates of antibody seroconversion after SARS-CoV-2
infection seem to vary but have been consistently high.
Examples during the first wave of the pandemic include the
first large Chinese series (n ¼ 285) of hospitalised SARS-
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CoV-2 PCR-positive patients, where 100% developed SARS-
CoV-2 IgG within 19 days of symptom onset [8]; a study
of 624 SARS-CoV-2 PCR-positive outpatients, where 82%
developed antibodies 10e14 days after symptom onset [9];
and a study of 14 SARS-CoV-2 PCR-positive healthcare
professionals (HCPs), where 71% developed antibodies 15
days after PCR testing [10]. The significance of antibody
generation in terms of subsequent disease protection is
likely to be one of multiple mechanisms of SARS-CoV-2
immunity [11].

Most HCPs do not work directly with SARS-CoV-2-
infected hospital inpatients. HCP seropositivity data
collected during the first pandemic wave show a range of
reported rates. A French HCP study reported three (1.3%) of
230 asymptomatic PCR-naïve HCPs to be SARS-CoV-2 IgG
positive. All three HCPs were PCR negative at the time of
testing, suggesting past exposure with successful eradica-
tion of the virus [10]. A Spanish HCP study reported an
asymptomatic HCP SARS-CoV-2 seropositive rate of 7.6%
(44/578) [12], and a Swedish study reported an overall HCP
seroprevalence of 19.1% (410/2149), of which 1.2% (37/2149)
were asymptomatic [13]. A UK study reported an asymp-
tomatic IgG seroprevalence of 1% (4/400) and a symptom-
atic IgG seroprevalence of 3% (12/400) [14], whereas
another UK study reported an asymptomatic IgG seropre-
valence of 17.1% and a symptomatic IgG seroprevalence of
37.5% [15]. Data from screening asymptomatic HCPs for
active SARS-CoV-2 viral infection during the first pandemic
wave show similar results. In the UK, one study showed a
peak asymptomatic HCP infection rate of 7.1% in late March
2020, decreasing to 1.1% 5weeks later [16], whereas another
study reported that 30 (3%) of 1032 asymptomatic hospital
HCPs tested in April 2020 were SARS-CoV-2 PCR positive
[17].

People with cancer may be more likely to contract
SARS-CoV-2 infection [18,19]. This risk is amplified by
multiple hospital attendances required for diagnosis,
treatment and follow-up. Although recent results suggest
that systemic anti-cancer treatment (SACT) does not in-
crease mortality in infected cancer patients [20], it may
increase the risk of serious complications following
infection [18,19]. Although guidelines advise SARS-CoV-2
testing for cancer patients prior to and during SACT, the
risks posed from and to HCPs working in oncology de-
partments is not known. The COVID-19 Serology in
Oncology Staff (CSOS) study is a multicentre UK study
designed to determine SARS-CoV-2 infection and antibody
seroprevalence rates among the main groups of HCPs
coming into contact with cancer patients attending hos-
pital for SACT during the peak of the first wave of the UK
COVID-19 pandemic, with sample collection at multiple
time points [21]. The primary objective was to determine
the SARS-CoV-2 infection and seroprevalence rates among
HCPs. Secondary outcomes included the proportion of
previously symptomatic and asymptomatic SARS-CoV-2-
seropositive HCPs, how long SARS-CoV-2 seropositivity
lasted, the rate of persistent asymptomatic PCR positivity
over time and the proportion of HCPs who did not become
seropositive following a positive PCR result.
Materials and Methods

HCPs involved in treating cancer patients in non-surgical
oncology departments at three UK hospitals in the Eastern
Region were recruited (see Supplementary Material for
details). HCPs were excluded if they had not been working
during the pandemic peak fromMarch to June 2020 or were
not patient facing. HCPs (which included patient-facing
administrative staff, such as clinic receptionists, health-
care assistants and ward clerks) had to be working within
the oncology department ward or outpatient setting and
not primarily within a dedicated SARS-CoV-2 inpatient
ward. HCPs who returned to work after self-isolating due to
SARS-CoV-2 symptoms or exposure to a potentially affected
household member (as per UK Government rules) were
eligible to participate. Following consent, samples were
collected during June 2020 (day 1 samples) and July 2020
(day 28 samples). Samples collected were a nasopharyngeal
swab for SARS-CoV-2 PCR testing and blood for SARS-CoV-2
antibody testing. Anonymised participant characteristics
were collected: age, sex, job role, smoking status, history of
any underlying health conditions, details of any suspected
SARS-CoV-2 illness/exposure (high temperature, new
cough, alterations in taste/smell) and leave taken, dates of
start to resolution of presumed or confirmed SARS-CoV-2
illness, date of any prior SARS-CoV-2 tests and results.
Regulatory approval for the study was granted by the UK
Health Research Authority (IRAS: 284231; 26 May 2020).
Data were analysed using Prism 8 (Graphpad Software) and
R. One-way ANOVA was used to compare multiple means;
Fisher's exact test to compare groups and categorical vari-
ables; and the ManneWhitney U test to compare day 1
antibody-positive outcomes at day 28.
SARS-CoV-2 Polymerase Chain Reaction Assay

RNA extraction was undertaken using the Zymo (Cam-
bridge, UK) Quick-RNA 96 kit (R1053). SARS-CoV-2 PCR
detection was carried out using Primerdesign's (Eastleigh,
UK) Coronavirus COVID-19 Genesig RT-PCR assay (Z-Path-
COVID-19-CE) and a Roche LightCycler 480 in a 96-well
format. All kits were used according to manufacturer's
guidelines.
SARS-CoV-2 Serology Assays

Two different antibody assays were used to detect SARS-
CoV-2 antibodies: a rapid point-of-care (POC) finger-prick
assay and a laboratory-based assay.

The POC test was the Abbexa (Cambridge, UK) COVID-19
IgG/IgM Rapid Test Kit (abx294171), which detects anti-
bodies against the SARS-CoV-2 nucleocapsid (N) and spike
(S) antigens. The manufacturer claimed no cross-reactivity
with antibodies against other coronaviruses (HKU1, OC43,
NL63, 229E) and a sensitivity of 98.5% and a specificity of
97.94%. Results from a finger-prick blood sample were read
10e15 min after assaying.
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The laboratory-based assay was a SARS-CoV-2 multiplex
particle-based flow cytometry (Luminex) assay developed
at Addenbrooke's Hospital (Cambridge UK), which detects
IgG antibodies against the SARS-CoV-2 N and full-length S
antigens [22] and was run as described previously [22,23].
The test requires 4 ml blood, collected in a serum tube, and
results were generally available within 2e3 days of sample
collection. Sensitivity and specificity were reported to be
84% and 100%, respectively, based on a cohort of pre-
pandemic healthy controls versus a cohort of unselected
SARS-CoV-2 PCR-positive patients [19]. At the time of
writing, testing for cross-reactivity against other coronavi-
ruses had not been carried out for this semi-quantitative
assay. A level of detection comparison was carried out be-
tween the abovementioned SARS-CoV-2 IgG assays using
sequentially diluted SARS-CoV-2 IgG-positive and -negative
sera.
Results

Baseline Characteristics

The characteristics of 434 recruited HCPs (see Figure 1)
are summarised in Table 1 (aggregated) and Supplementary
Table S1 (by hospital site). Data from the pilot study (n¼ 70)
were also included [21]. Most of the participants were
nurses (253/434; 58.3%) and doctors (92/434; 21.2%), with
smaller proportions of radiographers (45/434; 10.4%) and
administrative staff (44/434; 10.1%). Physiotherapists (n ¼
8) were grouped with the nurses as their job role involved
similar close physical patient contact. Most of the partici-
pants were female (356/434; 82%) (P < 0.001); the median
participant age was 41 years (range 19e66). Administrators
had the highest median age (median 47.5 years) followed by
doctors (42 years), nurses (39 years) and radiographers (33
years) (P < 0.001). Chronic underlying health conditions
were reported in 103/434 (23.7%) of all participants (Table
1), with asthma and hypertension being the most com-
mon in all groups (see Supplementary Table S2).

In total, 114 (26.3%) participants reported symptoms
suggestive of SARS-CoV-2 infection prior to study entry
(Table 1); 33.7% of doctors, 25.7% of nurses, 22.7% of ad-
ministrators and 17.8% of radiographers reported symp-
toms. The median duration of reported symptoms was 7.5
(range 1e61) days and was similar for all staff groups (P ¼
0.1). The median time from symptom resolution to the first
study sample collection date was 67 days (range 1e172),
with no differences between staff groups (P ¼ 0.8). In total,
178 (41%) participants underwent nasopharyngeal SARS-
CoV-2 PCR testing between March and June 2020 prior to
the initiation of this study (doctors had the highest fre-
quency of testing, P ¼ 0.006). Seventy of those previously
tested had experienced symptoms, 108 were asymptomatic
and were tested as part of hospital screening programmes.
Six of 70 (12.9%) of the previously tested symptomatic
population were SARS-CoV-2 PCR positive (three doctors
and three nurses), whereas the previously tested asymp-
tomatic group were all PCR negative. Most participants
(320; 73.7%) reported no prior symptoms. Of these, 47
(14.7%) reported a household member having symptoms
suggestive of SARS-CoV-2 infection.

Seroprevalence of Antibodies Against SARS-CoV-2

All participants tested at day 1 (June 2020) were naso-
pharyngeal swab PCR negative for SARS-CoV-2 (Table 2 and
Supplementary Table S3). SARS-CoV-2 IgG was detected at
day 1 in 80 (18.4%) participants using the Luminex test and
in 34 (7.8%) participants using the POC test (Figure 2A,B;
Table 2). All seropositive participants using the POC test
were also seropositive using the Luminex test (Figure 2C).
The Luminex test was able to detect SARS-CoV-2 IgG at
1:100 dilution, whereas the POC test was less sensitive
(Supplementary Table S4), so results from the Luminex
assay were subsequently used to explore participant
serology status (seropositive or seronegative).

At day 1, nurses were the HCPs with the highest pro-
portion of SARS-CoV-2 seropositivity (54/253; 21.3%), fol-
lowed by doctors (16/92; 17.4%), administrators (6/44;
13.6%) and radiographers (4/45; 8.9%), although these dif-
ferences were not statistically significant (P ¼ 0.2)
(Figure 1A, Table 2). Of the 80 seropositive HCPs, 38 (47.5%)
had antibodies to both the N and S SARS-CoV-2 antigens, 32
(40%) had antibodies only to the N antigen and 10 (12.5%)
had antibodies only to the S antigen (Table 2). All partici-
pants with a previous positive PCR result tested seropositive
(6/6; 100%), with detectable antibodies to both N and S
SARS-CoV-2 antigens.

Thirty-eight per cent (30/80) of HCPs who were sero-
positive on day 1 reported previous symptoms consistent
with SARS-CoV-2 infection: a 1.9 times higher odds than
seronegative participants (84/354) (P ¼ 0.01) (Table 2). Of
the total number of participants reporting previous symp-
toms, 50/320 (15.6%) had detectable SARS-CoV-2 antibodies
at day 1, which was similar across staff groups (P ¼ 0.4). Of
47 participants who had no prior symptoms, but had been
exposed to a suspected infected household member, 12
(25.5%) had positive antibodies (Table 2). There was no
significant difference in seropositivity between those with
(18/103; 17.5%) or without (62/331; 18.7%) underlying
health conditions (P ¼ 0.2), or between smokers (9/37;
24.3%) and non-smokers (71/397; 17.9%) (P ¼ 0.6) (Table 2).

Seroprevalence Repeat Testing After 28 Days

In total, 400 (92.2%) participants were retested on day 28
during July 2020 (Table 2). All participants remained PCR
negative for SARS-CoV-2 on retesting. Positive SARS-CoV-2
serology was detected in 53/400 (13.3%) participants using
the Luminex test and in 29/400 (7.3%) using the POC test
(Figure 2A,B). Of the 29 seropositive HCPs detected by the
POC test at day 28, 27 were also positive with the Luminex
test, but two were not (Figure 2C). The two discordant re-
sults were previously negative using both assays at day 1
(Table 2 and Supplementary Table S3) with both partici-
pants denying any intervening symptoms or virus exposure
between testing dates.



Fig 1. CONSORT diagram: study outline.
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Nurses remained the staff group with the highest rate of
Luminex test seropositivity (39/237; 16.5%), followed by
doctors (9/82; 10.9%), administrators (4/43; 9.3%) and
radiographers (1/38; 2.6%), although the trend did not reach
statistical significance (P ¼ 0.07) (Figure 2A).

Thirty-two per cent (26/80) of those previously sero-
positive at day 1 with the Luminex test were seronegative
on day 28 (Table 2). Of those HCPs who were seropositive
on day 28, 49/53 (92.5%) were persistently positive on both
Table 1
Participant characteristics

Total Doctors

Number 434 92
Median age, years (range) 40 (19e66) 42 (25e63
Female 356 (82%) 49 (53.3%)
Male 78 (18%) 43 (46.7%)
Smoker 37 (8.5%) 2 (2.1%)
Underlying health condition 103 (23.7%) 15 (16.3%)
Previously symptomatic
healthcare professionals

Prior symptoms suggestive of
COVID-19

114/434 (26.3%) 31/92 (33.

Median symptom duration in
days (range)

7.5 (1e61) 7 (1e61)

Median time (days) from
symptom resolution to
sample collection (range)

67 (1e172) 70 (1e169

Pre-study SARS-CoV-2 PCR test 178/434 (41%) 46/92 (50%
Pre-study positive PCR test 6/178 (3.4%) 3/46 (6.5%
Previously asymptomatic
healthcare professionals

Asymptomatic during
pandemic

320/434 (73.7%) 61/92 (66.

Asymptomatic, but household
member possibly
symptomatic

47/320 (14.7%) 11/61 (18%

PCR, polymerase chain reaction.
day 1 and day 28, and 4/53 (7.5%) were new seroconver-
sions, with no reported symptoms. All those with a posi-
tive SARS-CoV-2 PCR test prior to study entry remained
SARS-CoV-2 seropositive using the Luminex test (6/6;
100%).

Of the 53 seropositive participants identified at day 28
with the Luminex test, 34 (64.2%) had IgG antibodies to both
the N and S SARS-CoV-2 antigens, whereas nine (16.9%) had
IgG antibodies to only the N antigen and 10/53 (18.9%) to
Nurses Radiographers Administrators

253 45 44
) 39 (21e65) 33 (19e57) 47.5 (24e66)

227 (89.7%) 39 (86.7%) 41 (93.2%)
26 (10.3%) 6 (13.3%) 3 (6.8%)
22 (8.7%) 2 (4.4%) 11 (25%)
60 (23.7%) 14 (31.1%) 14 (31.8%)

7%) 65/253 (25.7%) 8/45 (17.8%) 10/44 (22.7%)

8 (1e48) 7 (2e20) 8 (1e37)

) 67 (8e172) 63 (28e139) 69 (12e94)

) 108/253 (42.7%) 15/45 (33.3%) 9/44 (20.5%)
) 3/108 (2.7%) 0/15 0/9

3%) 188/253 (74.3%) 37/45 (82.2%) 34/44 (77.3%)

) 27/188 (14.4%) 3/37 (8.1%) 6/34 (17.6%)



Table 2
SARS-CoV-2 polymerase chain reaction (PCR) and antibody [Luminex and point-of-care (POC)] test results at day 1 and day 28

Total Doctors Nurses Radiographers Administrators

Day 1 n ¼ 434 n ¼ 92 n ¼ 253 n ¼ 45 n ¼ 44

Positive PCR test 0/434 0/92 0/253 0/45 0/44
Positive Luminex
antibody test

80/434 (18.4%) 16/92 (17.4%) 54/253 (21.3%) 4/45 (8.9%) 6/44 (13.6%)

Seropositive for
antibodies to both N
and S antigens

38/80 (47.5%) 8/16 (50%) 28/54 (51.9%) 0/4 2/6 (33.3%)

Seropositive for
antibodies to only N
antigen

32/80 (40%) 7/16 (43.8%) 18/54 (33.3%) 3/4 (75%) 4/6 (66.7%)

Seropositive for
antibodies to only S
antigen

10/80 (12.5%) 1/16 (6.3%) 8/54 (14.8%) 1/4 (25%) 0/6

Seropositive after pre-
study positive PCR

6/6 (100%) 3/3 (100%) 3/3 (100%) NA NA

Seropositive, previously
symptomatic

30/114 (26.3%) 9/31 (29%) 19/65 (29.2%) 0/8 (0%) 2/10 (20%)

Seropositive, previously
asymptomatic

50/320 (15.6%) 7/61 (11.5%) 35/188 (18.6%) 4/37 (10.8%) 4/34 (11.7%)

Seropositive, previously
asymptomatic with
possible household
contact

12/47 (25.5%) 2/11 (18.2%) 10/27 (37%) 0/3 (0%) 0/6 (0%)

Seropositive, with
chronic underlying
health condition

18/103 (17.5%) 4/15 (26.7%) 12/60 (20%) 2/14 (14.3%) 0/14 (0%)

Seropositive, smokers 9/37 (24.3%) 1/2 (50%) 6/22 (27.3%) 0/2 (0%) 2/11 (18.2%)
Positive POC test 34/434 (7.8%) 8/92 (8.7%) 22/253 (8.7%) 0/45 4/44 (9.1%)

Day 28 n ¼ 400 n ¼ 82 n ¼ 237 n ¼ 38 n ¼ 43

Positive PCR test 0/400 0/82 0/237 0/38 0/43
Positive Luminex
antibody test

53/400 (13.3%) 9/82 (10.9%) 39/237 (16.5%) 1/38 (2.6%) 4/43 (9.3%)

Seropositive for
antibodies to both N
and S antigens

34/53 (64.2%) 7/9 (77.8%) 25/39 (64.1%) 0/1 (0%) 2/4 (50%)

Seropositive for
antibodies to only N
antigen

9/53 (16.9%) 0/9 (0%) 7/39 (17.9%) 0/1 (0%) 2/4 (50%)

Seropositive for
antibodies to only S
antigen

10/53 (18.9%) 2/9 (22.2%) 7/39 (17.9%) 1/1 (100%) 0/4 (0%)

Seropositive on days 1
and 28

49/53 (92.5%) 9/9 (100%) 35/39 (89.7%) 1/1 (100%) 4/4 (100%)

Seronegative on day 1,
seropositive on day 28

4/53 (7.5%) 0/9 (0%) 4/39 (10.3%) 0/1 (0%) 0/4 (0%)

Seropositive on day 1,
seronegative on day 28

26/80 (32.5%) 5/16 (29.4%) 17/54 (31.2%) 2/4 (50%) 2/6 (33.3%)

Positive POC antibody
test

29/400 (7.3%) 5/82 (6.1%) 22/237 (9.3%) 0/38 (0%) 2/43 (4.7%)
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only the S antigen (Table 2). Loss of seropositivity affected
all antigen target groups, with the largest decrease affecting
those who were IgG N antigen positive on day 1 (P <

0.0001) (Tables 2 and 3). At day 28, 18 of the 33 participants
originally positive on day 1 with IgG antibodies reactive to
the N antigen alone became seronegative, whereas two lost
their N antigen antibodies and developed S antigen anti-
bodies (Table 3). This loss only affected those who were
previously asymptomatic. In those who were retested on
day 28, there was no loss of positivity in the previously
symptomatic group who had antibodies reactive against
both N and S antigen. In the asymptomatic group, loss of



Fig 2. (A) Proportion of healthcare professionals who were Luminex seropositive and (B) point-of-care (POC) seropositive on day 1 (June 2020)
and day 28 (July 2020). (C) Comparison of participant seropositivity by method at each time point.
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positivity by day 28 was lowest in those with antibodies
reactive to both N and S antigens, compared with partici-
pants reactive to only one antigen (Table 3). These findings
are visualised in Figure 3.
Discussion

The CSOS study is the first report of SARS-CoV-2 expo-
sure in patient-facing oncology HCPs who worked during
the first COVID-19 pandemic peak between March and June
2020 within non-surgical oncology departments in three
hospitals of differing size and structure in the Eastern Re-
gion of the UK. In this large cohort of PCR-negative HCPs,
Table 3
Antigenic targets in SARS-CoV-2 IgG antibody-positive participants (as
of reported symptoms

Antibody
epitope

Day 1
(positive)

Loss of
positivity

Previously
reported symptoms

N and S antigens 24 0
N antigen only 3 0
S antigen only 3 1

Previously
asymptomatic

N and S antigens 14 3
N antigen only 29 18
S antigen only 7 4
Total 80 e26

N, nucleocapsid; S, spike.
almost one in fivewere SARS-CoV-2 antibody positive at the
start of June 2020, suggesting significant prior SARS-CoV-2
infection. Seropositivity was, not surprisingly, higher in
those HCPs who described previous symptoms compared
with those who did not. Nearly one-third of seropositive
HCPs became seronegative after 28 days. Comparing HCP
subgroups, nurses had the highest seroprevalence rates at
both time points.

We used two different antibody detection methods to
compare and contrast their potential clinical utility for
measuring SARS-CoV-2 serology. The POC test, with the
advantage of immediate read-out within 15 min, was re-
ported by the manufacturer to have high sensitivity and
specificity and to not cross-react with the four main other
determined by Luminex testing) contrasted by presence or absence

Lost to
follow-up

New
sero-conversions

Epitope changes Day 28
(positive)

2 0 22
1 0 1x N->S swap 1
0 1 4
0 1 12
2 0 1x N->S swap 8
0 2 6
e5 þ4 53



Fig 3. Summary of relationship between day 1 and day 28 positive IgG antibody results by SARS-CoV-2 antigen target. All participants were
nasopharyngeal swab SARS-CoV-2 polymerase chain reaction negative at the time of SARS-CoV-2 antibody testing.
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coronavirus types. Of note, a study of 11 POC tests (not
including the POC test used in our study) reported sensi-
tivity and specificities lower than manufacturer claims [24],
which fits with our findings. The Luminex test, which had a
processing time of 2e3 h, but real-time results returned
between 2 and 4 days, was able to detect antibodies at a
much lower concentration level compared with the POC
test. Although already being used for routine clinical prac-
tice at one of the study hospitals (Addenbrooke's Hospital,
Cambridge, UK), at the time of writing the Luminex test had
not been investigated for cross-reactivity against other
coronaviruses, so we cannot exclude the possibility of false
positives and that participants may have been exposed to
other coronaviruses rather than SARS-CoV-2 infection.
Although the risk of false positives should be acknowledged
as a risk to the validity of this study, it is reassuring that a
recent study found no cross-reactivity between antibodies
against SARS-CoV-2's N antigen and antigens of endemic
coronaviruses [25]. In order to ensure maximal validity, we
used both tests. If we had only used the POC test, we would
have missed over half the cases with lower levels of
seropositivity.

Using the Luminex test, almost one in five staff members
were SARS-CoV-2 seropositive despite being PCR negative
at the time of sampling, which suggests a substantial past
exposure and infection rate, especially considering that
most participants were notworkingwithin dedicated SARS-
CoV-2 wards or participating in high-risk aerosol-gener-
ating procedures in known SARS-CoV-2 patients. Our
finding of 18.4% seroprevalence is higher than large-scale
community seroprevalence studies during the pandemic's
first wave, which have reported seropositive rates ranging
from 5% (in 51 958 Spanish participants) [26] to 6% (in
109 076 UK participants) [27] and is on the higher end of
non-frontline HCP seroprevalence studies, ranging from
5.4% (in 244 French HCPs) [10], 9.3% (in 578 Spanish HCPs)
[28] to 19.1% (410/2149 Swedish HCPs) [13]. Our finding that
symptomatic individuals had a higher odds of being sero-
positive than asymptomatic individuals fits with previous
reports [11]. We hypothesise that most staff became infec-
ted at work rather than in the community, due to the nature
of the hospital admission process and general patient care,
compounded by the issue of personal protective equipment
being less readily available within the National Health Ser-
vice in the early stages of the pandemic.

This hypothesis is further substantiated when consid-
ering outcomes among staff groups. Nurses seem to be the
most affected group, followed by doctors, administrators
(all of whom were patient facing, with roles such as re-
ceptionists, healthcare assistants or ward clerks) and radi-
ographers: although nurses represented 58% of total
participants, they also accounted for 67% of total seroposi-
tive cases on day 1 and 74% of total seropositive cases on day
28. The seroprevalence rate of 21.3% of nurses tested on day
1 and 16.5% tested on day 28 was the highest of all the four
staff groups. Although not statistically significant compared
with other staff groups (due to the smaller numbers of other
staff groups recruited), the daily interactions of nurses with
multiple patients at close quarters will undoubtedly have
contributed to these stark statistics.

Our finding that 32.5% of seropositive participants
became seronegative during our 4-week study interval is
consistent with other reports showing declining seropos-
itivity over time [29e31]. That asymptomatic participants
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were the majority of those who became seronegative
confirms a previous report suggesting that SARS-CoV-2
antibody response may be dependent on disease severity
[29].

We also noted that two previously asymptomatic sero-
positive participants lost their previously detectable IgG
antibodies against the N antigen while developing
detectable IgG antibodies against the S antigen. This may
suggest an evolving humoral immune response in both
participants, but the possibility of artefact cannot be
excluded. Although there are insufficient data available to
clarify the implications of having either N or S antigen IgG
antibodies, there is evidence that IgG antibodies targeting
the SARS-CoV-2 S antigen can elicit both neutralising re-
sponses (viral eradication) [32,33] and non-neutralising
responses (no viral eradication) [34] and that detectable
N antigen antibodies develop earlier than S antigen anti-
bodies [35]. This opens interesting avenues for further
research.

This study's findings add to the growing literature,
enhancing our understanding of SARS-CoV-2, which will
inform future policy decisions during this ongoing, as well
as future, pandemics. Participants continue to be followed
in this study, with additional samples being collected over
time. This will enable assessment of the durability of
SARS-CoV-2 antibody responses in previously symptom-
atic and asymptomatic individuals, as well as the impact
of any future surges in infection rates. Uncertainty exists
regarding the Luminex test cross-reactivity against
endemic coronaviruses, while the rapid turnaround speed
of the POC test result was offset with loss in test
sensitivity.

In terms of clinical application, earlier guidance from
the UK [36] and from the European Society for Medical
Oncology [37] recommends that all patients receiving
SACT should undergo SARS-CoV-2 PCR testing prior to
starting treatment and that consideration should be given
to subsequent testing at intervals during treatment. The
guidance advises testing HCPs in the broadest sense. Our
study has identified the first pandemic wave rates of SARS-
CoV-2 seropositivity in oncology HCPs in the East of En-
gland, but these rates are likely to fluctuate significantly
over time [29,31,38]. Learning from the past pandemic year
has taught us that HCPs are at high risk of viral infection
and that they themselves are a source of infection risk to
the patients they are caring for. Although our study was
not designed to conclude on ideal mitigation strategies, it
adds weight to supporting routine regular testing of
oncology HCPs (especially nurses) for viral antigen and
antibodies during both the current and future pandemics.
The increasing availability of lower cost, high sensitivity
and specificity SARS-CoV-2 testing methods should make
this targeted approach viable, which would help protect
patients and staff by enabling containment and large-scale
tracking of new asymptomatic infections until there is
high-prevalence durable immunity following the ongoing
SARS-CoV-2 vaccination programme.
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