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Methods: After the first lockdown, all medical and non-medical staff, as well as all patients
attending the medical oncology department were invited to undergo serological testing for
SARS-CoV-2 between 11 May and 30 June 2020. All participants were also invited to com-
plete a questionnaire collecting data about their living and working conditions, and for pa-
tients, medical management during lockdown.

Findings: A total of 1,674 subjects (663 staff members, 1011 patients) were included. Seropre-
valence was low in both staff (1.8%) and patients (1.7%), despite more features of high risk for
severe forms among patients. None of the risk factors tested in our analysis (working or living
conditions, comorbidities, management characteristics during lockdown) was found to be sta-
tistically associated with seroprevalence in either staff or patients. There was no significant dif-
ference in the proportion of symptomatic and asymptomatic subjects between staff and
patients. Only fever, loss of smell, and loss of taste were significantly more frequent among
seropositive patients, in both staff and patients.

Interpretation: We report very low seroprevalence of antibodies against SARS-CoV-2 in the
staff (caregiving and non-caregiving) and patients of a large cancer care centre in which strict
hygiene, personal protection, and social distancing measures were implemented.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

In December 2019, China [1] and very soon, the rest of
the world [2], were faced with an epidemic of corona-
virus disease 2019 (COVID-19) caused by a new beta
coronavirus, named severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) [3]. France was among the
hardest hit countries in Europe, with more than 200,000
documented cases and more than 30,000 deaths at the
end of the first period of national lockdown [4]. To limit
the spread of the epidemic, the French government
decided to implement a nationwide lockdown, which
was in place from 17 March to 11 May 2020. During this
period, and even now, French hospitals also took a
number of measures to limit the spread of the virus
within the hospital, to ensure continuity of care, but at
the same time, to protect patients and staff as much as
possible. Particular attention was paid from the outset
to the most vulnerable patients and to subjects with
comorbidities, including patients with cancer (whether
on or off treatment). Indeed, these groups initially
appeared to be at highest risk of developing the infection
[5,6], particularly more severe, not to say fatal forms
[7—13]. A retrospective series of 302 patients with cancer
with suspected COVID-19 in France found that the
death rate at 30 days after diagnosis was high in patients
both with and without documented SARS-COV-2 on
RT-PCR (Reverse Transcriptase-Polymerase Chain
Reaction) [14]. Similarly, a recent prospective, obser-
vational study from a network of cancer centres in the
United Kingdom reported that most patients with can-
cer had a mild disease course, but 28% died, suggesting
high number of severe forms. The risk factors associated
with mortality were age, male sex and comorbidities
(hypertension, cardiovascular disease), whereas cyto-
toxic chemotherapy or other anticancer treatment was

not associated with an increased risk of death [I15].
Similar data have been published in French patients [16].
National and international recommendations have been
issued regarding the optimal management of patients
with cancer during the COVID-19 pandemic [17—20].
Yet, while numerous publications have reported the
prognosis of patients with cancer hospitalised for SARS-
Cov-2 infection, few studies have investigated the inci-
dence of infection in patients and staff of cancer care
centres [21].

Moreover, these studies had potential for bias, notably
due to the inclusion of a population of patients that is not
representative of the wide diversity of cancer patients, or
inclusion of only hospitalised patients, who potentially
have more severe and advanced disease, and thus, a
higher risk of death. Furthermore, in published studies to
date, the diagnosis was made by RT-PCR, which is sen-
sitive for the detection of the initial phase of infection,
and also practical, notably in terms of conservation and
transport of samples [9,22]. Conversely, it is quite
possible that many asymptomatic or mildly symptomatic
patients may have escaped diagnosis, contributing to the
spread of the virus [23—25]. Compared with RT-PCR,
serological tests in search of specific anti-SARS-CoV-2
antibodies (IgM and IgG) make it possible to study cu-
mulative prevalence of infection, due to the persistence of
circulating antibodies beyond the infectious period in
patients who were infected, and even after recovery
[23,26,27]. Evaluating the cumulative prevalence of
SARS-CoV-2 infection is useful from an epidemiological
point of view, to estimate the degree of dissemination of
the virus, to highlight pathways of contamination and to
study immunity in exposed populations [28,29].

In this cross-sectional study, performed shortly after
the end of the first lockdown in France, we investigated
seropositivity for SARS-CoV-2 in a large cancer care
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centre in one of the regions of France that was hardest
hit by the epidemic (Burgundy-Franche-Comté, Eastern
France) [4]. We aimed to assess seroprevalence in both
staff (medical and non-medical) and patients (medical
oncology patients) of a single, dedicated cancer centre,
with the following objectives: (i) to describe the spread
of infection among the different categories of staff and
in a large population of patients being managed for
cancer; (ii) using dedicated individual questionnaires, we
sought to identify factors (professional, social, de-
mographic, medical or related to living conditions dur-
ing confinement) associated with SARS-CoV-2 infection
in both groups; (iii) indirectly, we aimed to evaluate the
efficacy of the preventive measures implemented during
lockdown in the two groups who had different risks of
SARS-CoV-2 infection and different risks of developing
severe forms of the disease.

2. Methods

The location of the cancer care centre, epidemiology of
SARS-CoV-2 in the region, and safety measures imple-
mented at our institution are described in detail in the
Supplemental Appendix.

2.1. Sampling strategy and sample size calculation

All employees, i.e. 860 staff members, were invited to
participate in the study. Assuming at positivity rate of
around 10% (according to the literature at the time of
the study design), a non-response rate of 20%, a sample
size of 860 would produce a 2-sided confidence interval
(CI) with a precision of 2.3%.

Regarding patients, we chose to include all patients
attending our institution from 25 May to 30 June 2020,
irrespective of cancer location, stage or treatment. We
aimed to include about 1000 patients over the study
period. Assuming a lower positivity rate of 5% (due to
possibly lower exposure), and a non-response rate of
25%, this would produce a two-sided 95% CI with a
precision of 1.6%.

2.2. Study questionnaires

The study was approved by the internal scientific com-
mittee of the Georges-Francois Leclerc Cancer Centre,
and by its internal Ethics Committee, as well as by a
national Ethics Committee (CPP Sud-Ouest et Outremer
1). The questionnaires destined for the staff and those
for the patients were developed jointly by a group
comprising oncologists, biologists, and epidemiologists
from our centre, specifically for the purposes of this
study.

For the staff, all employees of the centre received an
email on their nominative work email address, providing
information about the study and inviting them to

participate. Blood tests for staff took place from 11 May
2020 (date of the end of national lockdown) to 25 May
2020.

For the patients, participation was proposed to all
patients of the Medical Oncology department (patients
seen in consultation, in the outpatient unit and in-
patients) from 25 May to 30 June 2020. For all patients,
data relating to their cancer and treatment were
retrieved from the medical files.

2.3. Blood samples, serological tests and serum bank

All serum samples were analysed in the clinical biology
unit of the Georges-Francois Leclerc cancer centre. We
measured SARS-CoV-2 total antibodies on the fully-
automated cobas e411 analyser (Roche Diagnostics)
using the novel Elecsys® Anti-SARS-CoV-2 electro-
chemiluminescence immunoassay (Roche Diagnostics)
for the qualitative detection of SARS-CoV-2 antibodies
in human serum and plasma. The IVD CE-marked
Flecsys® assay uses a modified double-antigen sandwich
immunoassay using recombinant nucleocapsid protein
(N), which is geared towards the detection of late, mature,
high affinity antibodies independent of the subclass. It is a
total SARS-CoV-2 antibody assay (IgA, IgM and IgG)
detecting predominantly, but not exclusively, IgG. This
test was validated (amongst others) by the French na-
tional reference centre on 21 May 2020 [30]. Measurement
of anti—SARS-CoV-2 was performed following the
manufacturer’s instructions. Results are reported as
numeric values in the form of a cutoff index (COI; signal
sample/cutoff) and as a qualitative result, i.e. non-reactive
(COI < 1.0; negative) or reactive (COI > 1.0; positive).

2.4. Statistical analysis

Quantitative variables are described as mean + standard
deviation or median (range), and were dichotomised
based on the median or a clinically relevant threshold.
Qualitative variables are described as number (percent-
age). The number of missing data is indicated for each
variable. The prevalence of seropositivity is expressed as
a percentage with the associated 95% CI. Comparisons
between groups were performed using the appropriate
parametric or non-parametric tests, according to the
number of groups compared and the normality (or not)
of distributions in each group. Factors associated with
seropositivity among staff members and among patients
were investigated using univariate logistic regression.
The small number of events precludes multivariate
analysis. All analyses were performed by the Method-
ology & Biostatistics Unit of the Georges-Francois
Leclerc cancer centre using SAS, version 9.4 (SAS
Institute Inc., Cary, NC). A p-value <0.05 was consid-
ered statistically significant.
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3. Results

The detailed characteristics and questionnaire results for
the staff and patients are presented in Supplemental
Appendix 1-3.

3.1. Characteristics of the study population: staff

A total of 663 staff members (80.3% of all staff)
completed the study questionnaire and had a blood
sample for serological testing. The main characteristics of
the participating staff members and their serological re-
sults are shown in Table 1 and Supplemental Appendix 1.
Briefly, there were 522 (78.7%) women and 141 (21.3%)
men. Average age was 38.5 (+11.6) years. The profes-
sional categories of employees are described in Fig. 1A
and Supplemental Appendix 1.

During lockdown, 9.1% of staff worked from home all
the time, while 54.5% worked as usual at the cancer care
centre and 36.4% worked partially from home (Fig. 1B).
In total, 105 employees (15.8%) reported having worked
in the dedicated COVID unit during lockdown (Fig. 1C).
As regards exposure to risk of SARS-CoV-2 infection,
333 employees (50.2%) reported that they were in contact
with patients during their routine work, outside the
dedicated COVID unit (Fig. 1D). Among those who re-
ported being in contact with patients during lockdown,
98% said that they wore a mask (on average, 86% of the
time, Fig. | F). Despite the comorbidities recorded among
the staff members (Fig. 2A and Supplemental Appendix
1), no employee had a severe form of COVID-19 infec-
tion during lockdown. A total of 324 employees (48.9%)
reported at least one symptom (described in Fig. 2B and
Supplemental Appendix 1).

3.2. Seropositivity rates and factors associated with
seropositivity among staff

In total, only 12 of the 663 employees were seropositive,
yielding a seroprevalence of 1.8% (Supplemental Appendix
1). None of the seropositive employees had experienced
severe COVID-19. Three of them (25%) had been tested
positive during lockdown (by nasal swab and RT-PCR

Table 1
Employees characteristics (N = 663).

testing), and overall, they were the only 3 employees
with a positive nasal swab test in the whole cohort of 663
participants (3/663: 0.45%) (Fig. 2D). Among the 12
seropositive employees, 6 were caregivers (3 physicians, 1
resident, 2 nurses), 3 were medico-technical staff (3 tech-
nicians from radiology/nuclear medicine), 1 secretary and
2 basic research staff members (Fig. 1A). A majority of
them (66.7%) worked on-site as normal during lockdown
(Fig. 1B). Only 2 of the seropositive employees had
worked in the dedicated COVID unit in the centre
(Fig. 1C). Of the 9 seropositive patients who worked in
contact with patients during lockdown, all of them (100%)
reported having worn a mask systematically when in
contact with patients (Fig. 1F).

There was no significant difference between sero-
positive and seronegative staff members in terms of staff
category, working conditions (working from home or
not), contact with patients, working in the dedicated
COVID-19 unit, proportion of time in contact with
patients during an average working day, or the pro-
portion of time spent wearing a mask on an average
working day (Fig. 1A—F and Supplemental Appendix
1). There was also no significant difference between
seropositive and seronegative staff members in terms of
sex, age, comorbidities, smoking status or chronic
medication (Fig. 2A and Supplemental Appendix 1).

Regarding symptoms, there was a numerically higher
rate of symptoms among seropositive employees (75% vs
48.4%; p = 0.06), but 25% of seropositive staff declared
that they had experienced no symptoms. Among the
symptoms recorded, only fever (p = 0.019), loss of smell
(p = 0.0022), loss of taste (p = 0.0016) and muscle
cramps or pains (p = 0.0087) were significantly more
frequently present in seropositive staff. The total num-
ber of symptoms was also higher in seropositive em-
ployees (Fig. 2B and C).

By univariate analysis, none of the variables tested
(namely sex, staff category, working in contact with
patients, working in COVID unit, working from home,
contact with known COVID-positive person) was sta-
tistically associated with positive SARS-CoV-2 serology
(Supplemental Appendix 2), but given the lower than
expected number of events, and the resulting lack of

Characteristics Positive serology (N = 12) Negative serology (N = 651) P value Test N (%) (N = 663)
Sex 1 Fisher

Female 10 (83.3%) 512 (78.6%) 522 (78.7%)
Male 2 (16.7%) 139 (21.4%) 141 (21.3%)

Age (years) 0.3182 Wilcoxon

N 12 649 661

Mean (std) 35.3 (12.3) 38.6 (11.6) 38.5(11.6)
Median [min - max] 33.5[21.0-55.0] 37.0 [3.0—-81.0] 37.0 [3.0—-81.0]
Place of residence 0.5436 Chi-square

Dijon 4 (33.3%)
Outside of Dijon 8 (66.7%)
Missing values 0 2

273 (42.1%)
376 (57.9%)

277 (41.9%)
384 (58.1%)
2
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Fig. 1. Working conditions among employees. (A—D) Pie chart for professional categories of employees (A), working conditions during
lockdown (B) and contact with patients during work within (C) or outside of (D) the COVID-19 sector. Light (dark) colours represent
employees with positive (negative) COVID-19 tests at the time of study. (E) Bar chart showing the proportion of time employees spent in
contact with patients per day, according to whether they had a positive (light) or negative (dark) test. ns: Wilcoxon test was not significant.
(F) Pie chart showing whether employees wore a mask when in contact with patients. Light (dark) colours represent employees with
positive (negative) COVID-19 tests at the time of study. COVID-19, coronavirus disease 2019.

statistical power, no robust conclusions can be drawn
from this analysis.

3.3. Characteristics of the study population: patients

In total, 1011 patients from the Medical Oncology
department were included, completed the study ques-
tionnaires, and had a blood sample taken for SARS-
CoV-2 serological testing. The main characteristics of
the patients included in the study are shown in Table 2
(and Supplemental Appendix 3). Regarding the type of
cancer, breast cancer was the most frequent (45.2%),
followed by digestive, urological and gynaecological
tumours (Fig. 3A). At the time of the blood test, 38% of
patients were attending a consultation, 41% were

attending the outpatient unit, and 21% were in-patients
(Fig. 3B). Most were receiving chemotherapy (alone or
in association with targeted therapy, immunotherapy or
radiotherapy) (Table 2).

Among the 1,011 patients included, more than half
(51.4%) had one or more comorbidities (Fig. 3C and
Supplemental Appendix 3). Overall, 421 patients (41.6%)
reported having experienced one or more symptoms of
SARS-CoV-2 (Fig. 3D and Supplemental Appendix 3).
During lockdown, 28 patients (2.8%) reported that they
had been in contact with a person known to have tested
positive for SARS-CoV-2 by RT-PCR. Overall, 113
patients (11.4%) had RT-PCR testing of a nasal swab
during lockdown, among these, 96 reported the results,
and only 5 of these were positive (Fig. 3F).
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time of study. COVID-19, coronavirus disease 2019.

3.4. Seropositivity rates and factors associated with
seropositivity among patients

Among the 1,011 patients included, 17 (1.7%) were
seropositive at the end of lockdown. Ten patients were
women; 7 patients were men, and mean age was 65.2
years. None of these seropositive patients had a severe
form of COVID-19, and only 3 of them required
hospitalisation.

As for the employees, there was also no significant
difference in terms of age, sex, comorbidities, smoking
status or chronic (non-cancer) medication (Fig. 3C and
Supplemental Appendix 3). Attendance at the cancer
care centre during lockdown did not differ between
seropositive and seronegative patients (Fig. 4A), and
there was no difference in terms of hospital admissions,
consultations, radiotherapy, surgery or number of
chemotherapy sessions performed (Supplemental
Appendix 3). There was also no difference in the rate

of cancellation or postponement of treatments or con-
sultations during lockdown (Fig. 4B and C).

Regarding symptoms, seropositive patients did not
have significantly more symptoms than seronegative
patients (p = 0.34), and 47% of seropositive patients
said they experienced no symptoms, whereas 41.4% of
seronegative patients reported having had symptoms
during lockdown (Fig. 3D). Among the symptoms re-
ported, as for employees, fever (p < 0.0001), loss of
smell (p = 0.001) and loss of taste (p = 0.0068) were
significantly more frequent among seropositive patients,
as was the overall number of symptoms reported
(p = 0.03) (Fig. 3D and E).

Among the 7 seropositive patients who had under-
gone RT-PCR testing from a nasal swab during lock-
down, 2 of them had received a negative result. Among
seronegative patients who had had RT-PCR testing of a
nasal swab during lockdown, none had a positive RT-
PCR result (Fig. 3F).
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Table 2

Patients characteristics (N = 1011).

Characteristic Positive serology (N = 17) Negative serology (N = 994) P value Test N (%) (N = 1011)
Sex 0.3234  Chi-square

Female 10 (58.8%) 695 (69.9%) 705 (69.7%)

Male 7 (41.2%) 299 (30.1%) 306 (30.3%)

Age 0.4192  Wilcoxon

N 17 994 1011

Mean (std) 65.2 (12.3) 63.1 (13.1) 63.1 (13.0)

Median [min - max]
Place of residence
Dijon

Outside of Dijon

68.0 [36.0—81.0]

4 (25.0%)
12 (75.0%)

65.0 [24.0—95.0]

107 (11.0%)
864 (89.0%)

65.0 [24.0—95.0]
0.095 Fisher

111 (11.2%)

876 (88.8%)

Missing values 1 23 24

Active anticancer treatment 1 Fisher

No 2 (11.8%) 132 (13.3%) 134 (13.3%)
Yes 15 (88.2%) 860 (86.7%) 875 (86.7%)
Missing values 0 2 2
Metastatic cancer 0.7413  Chi-square

No 6 (35.3%) 390 (39.2%) 396 (39.2%)
Yes 11 (64.7%) 604 (60.8%0) 615 (60.8%0)
Ongoing treatment 0.4273  Fisher

No systemic treatment 2 (11.8%) 132 (13.3%) 134 (13.3%)
Chemotherapy 7 (41.2%) 357 (35.9%) 364 (36%)
Targeted therapy 1 (6%) 162 (16.3%) 163 (16%)
Immunotherapy 3 (17.5%) 88 (8.9%) 91 (9%)
Endocrine therapy 0 (0%) 108 (10.9%) 108 (10.7%)
Chemotherapy and targeted therapy 3 (17.5%) 97 (9.7%) 100 (9.9%)
Chemotherapy and Immunotherapy 1 (6%) 31 (3.1%) 32 (3.2%)
Radiotherapy 0 (0%) 12 (1.2%) 12 (1.2%)
Other 0 (0%) 7 (0.7%) 7 (0.7%)

By univariate analysis, none of the variables tested
(i.e. sex, ongoing anticancer treatment, comorbidity,
attendance at the cancer care centre during lockdown,
cancellation or postponement of treatment or consul-
tation) was significantly associated with seropositivity
(Supplemental Appendix 4). Here again, given the lower
than expected number of events, and the resulting lack
of statistical power, no robust conclusion can be drawn
from this analysis.

3.5. Comparison of characteristics between patients and

staff

We compared the main characteristics associated with
the risk of SARS-CoV-2 infection, as well as the
symptoms presented, between staff and patients. The
rate of seropositivity was the same in both groups, even
though the patients were significantly older (p < 0.0001),
with more men (p < 0.0001) and more frequent
comorbidities (p < 0.0001), in particular more frequent
hypertension, diabetes or chronic disease (other than
cancer) (Supplemental Appendix 5). Patients more often
lived alone during lockdown (p < 0.0001) and reported
fewer contacts with known SARS-CoV-2—positive in-
dividuals (p < 0.0001) compared with staff members.
Regarding symptoms, patients reported significantly
fewer symptoms, but significantly more loss of taste,

breathlessness and muscle pain. Conversely, the em-
ployees more frequently reported cough and headache.

The COI for seropositivity did not differ significantly
between patients and staff, regardless of whether they
had symptoms or not (Supplemental Fig. 1).

4. Discussion

To the best of our knowledge, this is the first prospective
study of SARS-CoV-2 seroprevalence including all the
employees, as well as medical oncology patients from a
large cancer centre at the end of a period of national
lockdown. Given the high risk of severe disease among
patients with cancer, epidemiological data among pa-
tients with cancer and among those who care for them
are of utmost importance.

Our study found a low rate of seropositivity for
SARS-CoV-2 among both staff (medical and non-
medical) and patients in our centre, and we failed to
find any factor that was significantly associated with the
risk of seropositivity, most likely due to a lack of power,
given the lower than expected number of positive cases.
Interestingly, this low seropositivity rate (<2% in all
those tested) was found in both groups, even though the
patients, most of whom were receiving ongoing cancer
treatment, were generally older, more often male, with
more comorbidities. The low seropositivity rate
observed in our patients was probably not biased by
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Fig. 3. Patients’ living conditions and symptoms. (A) Bar chart showing the percentage of patients with positive (light) or negative (dark)
tests according to the type of primary tumor. (B) Pie chart for patients’ location at the time of blood test. (C—D) Bar chart showing the
percentage of comorbidities (C) and symptoms (D) among patients according to whether they had positive (light) or negative (dark) tests.
**Fisher’s exact test p < 0.01, * * *Fisher’s exact test p < 0.001. (E) Bar chart showing the number of symptoms per patient. (F) Pie chart
for patients with positive tests during confinement. Light (dark) colours represent patients with positive (negative) COVID-19 tests at the
time of study. COVID-19, coronavirus disease 2019.

uncounted patients who died of COVID-19. Indeed, as ~ May 2020. Six of these patients died of respiratory
described in the Supplemental Appendix, our COVID-  complications. The low seropositivity observed here is in
19 dedicated hospitalisation sector received all the pa-  line with, not to say lower than the projected rates for
tients from our cancer centre who were suspected of  the general population in France at that time [31], even
being infected, and only housed a total of 11 patients (all ~ though serological testing generally reveals more cases
PCR-positive) during the period from 17 March to 11 than CT (Computed Tomography) scan or PCR testing.
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The majority of papers published to date investigating
SARS-CoV-2 infection rates in patients with cancer re-
ported overall incidence, the clinical presentation of
symptomatic forms, the incidence of severe forms (and
risk factors thereof), as well as prognosis in this partic-
ularly vulnerable population. Because the clinical signs of
mild or asymptomatic forms of COVID-19 are not spe-
cificc and similar to those of several other viruses
responsible for seasonal respiratory infections, serological
testing can help to diagnose subjects who remain
asymptomatic at the acute phase, in addition to symp-
tomatic individuals [32]. Mathematical models performed
during the first wave estimated that only 2.9% of infected
individuals in France were hospitalised [31]. Based on this
estimation and on the reported cumulative cases of hos-
pitalised patients with COVID-19 as of June 30th, 2020,
we estimate that approximately 6% of the total popula-
tion of our region (Burgundy-Franche-Comté¢) would
have been infected when we finished our study. These
estimates support the posit that seroprevalence was lower
than expected in our 2 study populations.

A study performed in Wuhan, China between March
and April 2020 reported that by oropharyngeal swab
testing for SARS-CoV-2 nucleic acid by RT-PCR and/
or serum specific antibody testing (IgM and IgG), the
rate of asymptomatic infection was 2.9% in patients with
cancer, and 2.1% among their caregivers [33], which is

very close to the rates observed in our study. Another
seroprevalence study in Wuhan found a seropositivity
rate between 3.2 and 3.8%, with higher rates observed in
those who attended the hospital more frequently [26].

Regarding the staff, published reports of SARS-CoV-
2 seroprevalence mostly stemmed from caregivers
directly involved in patient care, and also generally
mixed groups of health professionals working in de-
partments with very different clinical activity. Accord-
ingly, published series from Europe from the first wave
of the pandemic reported higher seroprevalence rates (at
around 5—10%) than observed in our study [34—38], but
with high proportions of asymptomatic subjects, as also
observed in our cohort. The main factor associated with
infection was generally the fact of working in contact
with SARS-CoV-2—infected patients in dedicated
COVID units [35—37,39,40]. The fact that our institu-
tion implemented a protective ‘COVID-free’ policy,
whereby we did not receive patients with suspected
SARS-CoV-2 infection for first-line treatment, likely
explains the low spread of infection among the care-
giving and non-caregiving staff.

In our study, we did not identify any work-related or
out-of-hospital factor that was statistically associated
with positivity serology, which could also reflect the
wide diversity of ways in which people may be
contaminated (be it patients or employees).
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We observed a low seropositivity rate in both em-
ployees and oncology patients, underlining that when
there is a lockdown, and when strict hygiene measures
are implemented in the hospital context, the spread of
the virus is negligible among patients and among staff
working in the hospital environment, even those who
are in contact with patients. This suggests that with
appropriate protective measures adequately imple-
mented within hospitals welcoming patients with cancer,
and by the general population, the delivery of care to
patients with cancer may continue as normal, without
any apparent excess risk of SARS-CoV-2 infection.
Recently, a study of systematic screening for SARS-
CoV-2 RNA by nasal swab and RT-PCR testing in
patients with cancer at a large tertiary care hospital in
Austria that implemented strict measures for hygiene,
personal protection and social distancing, reported a
very low rate (0.4%) of infection in patients [41]. Inter-
estingly, the same team also reported low seropositivity
in a small cohort of patients and health professionals in
oncology (3.6% and 3.2%, respectively) [42]. The pro-
tective measures put in place were very similar to those
implemented in our centre and demonstrate that it is
possible to protect patients being treated for (or who
were previously treated for) cancer, but also caregiving
and non-caregiving staff at the height of the epidemic by
means of simple measures, thus making it possible to
continue delivering care to patients in need, in accept-
able conditions of safety.

Regarding the utility of serological testing, beyond
the epidemiological descriptive value, the persistence of
antibodies in the long-term is still the subject of some
debate, and prospective long-term follow-up of sero-
positive subjects is warranted to ascertain whether
humoural immunity to SARS-CoV-2 remains present.
Recent data seem to show lower seroconversion in
cancer patients compared to healthcare workers [43], but
the data published so far are discordant [44]. In our
study, the COI for seropositivity (which does not,
however, constitute an exact quantitative determination
of antibodies) did not differ significantly between pa-
tients and staff, regardless of whether they had symp-
toms or not, which pleads in favour of a similar
humoural response between these 2 populations.
Furthermore, the level of neutralising antibody activity
required to confer lasting immunity is also unknown. In
this context, it is thus impossible to say with certainty
whether the presence of antibodies against SARS-CoV-2
(especially at low levels) will protect against re-infection
with the virus. Future studies are urgently needed to
determine the threshold of antibodies, and the level of
neutralising activity that are required to achieve pro-
tective immunity.

We confirm in this study that the symptoms experi-
enced in SARS-CoV-2 are not specific, with a high
proportion of seropositive subjects having experienced
no symptoms, and conversely, numerous seronegative

subjects who reported symptoms. This is was more
predominant among the patients, in whom cancer may
lead to the same respiratory or general signs as SARS-
CoV-2 infection. Among the symptoms reported, only
loss of taste and smell seem to be specifically associated
with seropositivity, both among patients and employees,
as has been widely reported among all the populations
studied to date [45], including healthcare workers
[36—38]. Apart from these two specific signs, our results
highlight the difficulty of relying on the presence or
absence of various symptoms as a means of identifying
subjects who are infected, in a cancer context.

Our study has several strengths compared to other
available data in the literature. First, we included more
than 80% of all staff in our cancer care centre, including
both caregivers and non-caregiving staff, employees who
were in contact with patients as well as those who were
not, and different levels of presence on site in the centre
during national lockdown in France. Secondly, the
diagnostic test used in our study is automated, repro-
ducible, sensitive and specific (CV of 3.8% for positive
internal control; sensitivity of 100% 14 days post-PCR
confirmation; specificity greater than 99.8% with no
cross-reaction with Coronavirus HKU1, NL63, 229E or
0OC43). These performances have been confirmed in
numerous studies, including one head-to-head compar-
ison of this test with other available immunoassays [46].
Moreover, the same assay was used for all the subjects
included, both among the employees and the patients,
which is not generally the case in studies using RT-PCR
(because of changes in available tests during the
epidemic) and/or CT scan (different machines and
interpretation by different radiologists). Furthermore,
our study was conducted prospectively in a large cohort
of subjects with specific questionnaires developed ad hoc
to obtain the same information for all participants. The
study procedures (questionnaires and blood tests) were
implemented among staff and patients over a short time
period immediately after the end of the first lockdown,
thus providing an accurate snapshot of the spread of the
virus at that particular epidemiological timepoint. Our
results thus stem from a more homogeneous patient
population than included in previous reports in the
literature, and a population that is representative of
real-life management in oncology, rather than being
limited to in-patients (who generally have more severe
disease).

Conversely, our study also has some limitations. First,
there was a low number seropositive participants,
resulting in low power for the statistical analyses of fac-
tors associated with SARS-CoV-2 infection. This un-
derlines the importance of large-scale pooling of serology
data on SARS-CoV-2 to broaden our understanding of
the epidemiology of this virus in hospital staff and among
vulnerable individuals such as those with cancer. Second,
the data recorded were self-reported and there may thus
be potential for declaration bias. However, many of the
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variables reported here are not recorded in the patients’
medical files and therefore, a self-report questionnaire
was the only way to access the information.

In conclusion, this prospective study shows that
despite being geographically located in one of the re-
gions hardest hit by the epidemic in France, the sero-
positivity rate for SARS-CoV-2 infection at the end of
lockdown was very low in our cancer care centre, among
both staff and medical oncology patients. The epide-
miological data recorded in this study suggest that
lockdown and strict application of hygiene measures,
personal protection and social distancing were effective
in our hospital, which was not a priority destination for
patients infected with or suspected of COVID-19. These
measures appear to have been effective during the first
epidemic wave, and could guide recommendations in
case of persistence of the epidemic, to enable for cancer
centres to continue delivering care, while protecting
patients and employees as much as possible.
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