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KEYWORDS Abstract Background: Coronavirus disease (COVID-19) is interfering heavily with the
COVID-19:; screening, diagnosis and treatment of cancer patients. Better knowledge of the seroprevalence
SARS-CoV-2; and immune response after Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
Cancer; 2) infection in this population is important to manage them safely during the pandemic.

Seroconversion; Methods: 922 cancer patients, 100 non-cancer patients and 94 health care workers (HCW)

attending the Multidisciplinary Oncology Unit of Antwerp University Hospital from 24th
of March 2020 till 31st of May 2020, and the Oncology Unit of AZ Maria Middelares Hos-
pital, Ghent, from 13th of April 2020 till 31st of May 2020 participated in the study. The
Alinity® (A; Abbott) and Liaison® (D; DiaSorin) commercially available assays were used
to measure SARS-CoV-2 IgG, while total SARS-CoV-2 Ig was measured by Elecsys® (R;
Roche).

Results: In the overall study population IgG/total SARS-CoV-2 antibodies were found in
respectively 32/998 (3.2%), 68/1020 (6.7%), 37/1010 (3.7%) and of individuals using the A,
D or R test. Forty-six out of 618 (7.4%) persons had a positive SARS-CoV-2 polymerase chain
reaction (RT-PCR) test. Seroprevalence in cancer patients (A:2.2%, D:6.2%, R:3.0%), did not
significantly differ from that in non-cancer patients (A:1.1%, D:5.6%, R:0.0%), but was lower
than the HCW (A:13%, D:12%, R:12%; respectively Fisher’s exact test p = 0.00001,
p = 0.046, p = 0.0004). A positive SARS-CoV-2 RT-PCR was found in 6.8% of the cancer
patients, 2.3% of the non-cancer patients and 28.1% of the HCW (Fisher’s exact test
p = 0.0004). Correlation between absolute values of the different Ig tests was poor in the can-
cer population. Dichotomising a positive versus negative test result, the A and R test corre-
lated well (kappa 0.82 p McNemar test = 0.344), while A and D and R and D did not
(respectively kappa 0.49 and 0.57; result significantly different p McNemar test = <0.0001
for both). The rate of seroconversion (>75%) and median absolute antibody levels (A: 7.0
versus 4.7; D 74.0 versus 26.6, R: 16.34 versus 7.32; all >P Mann Whitney U test = 0.28)
in cancer patients and HCW with a positive RT-PCR at least 7 days earlier did not show
any differences. However, none (N = 0/4) of the patients with hematological tumours had
seroconversion and absolute antibody levels remained much lower compared to patients with
solid tumours (R: 0.1 versus 37.6, p 0.003; D 4.1 versus 158, p 0.008) or HCW (all p < 0.0001).
Conclusion: HCW were at high risk of being infected by SARS-CoV-2 during the first wave of
the pandemic. Seroprevalence in cancer patients was low in the study period. Although Ig im-
mune response in cancer patients with solid tumours does not differ from healthy volunteers,
patients with hematological tumours have a very poor humoral immune response. This has to
be taken into account in future vaccination programmes in this population. SARS-CoV-2
antibody tests have divergent results and seem to have little added value in the management
of cancer patients.

© 2021 The Author(s). 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/).

Immunoglobulin G;
Health care workers

1. Introduction epigenetic reprogramming in immune and progenitor

cells may contribute to the immunoparalysis and/or

COVID-19 is a disease caused by the SARS-CoV-2
Betacoronavirus. It was first reported after an outbreak
of unusual pneumonia in the city of Wuhan, People’s
Republic of China, on the 31st of December 2019 and
shortly after declared to be a Public Health Emergency
of International Concern [1]. Unfortunately, today, the
virus is widely spread throughout the world and
declared by the WHO as a pandemic [2]. There is a
broad range of clinical presentations of SARS-CoV-2
viral infection varying from asymptomatic, sensation
of a mild cold or flu to severe bilateral pneumonia and
death [1—4]. The evolution of COVID-19 depends not
only on the pathogen but also on the genetic and
epigenetic background of the host [5]. Apoptosis and/or
dysfunctions of (cancer) immune cells and complex

opportunistic co-infections in COVID-19 patients [5,6].
The mortality is the highest in the elderly and in people
with a pre-existing condition such as cardiovascular
disease, pulmonary disease, inflammatory disorders,
hypertension, diabetes and particularly in cancer pa-
tients with active disease and (a history of) hematolog-
ical tumours [6,7]. Ambiguity remains over differences
in the expected acquired immunity and its duration in
these different populations [6].

Understanding both the rate of asymptomatic infec-
tion and pre-existing immunity is key to assess the po-
tential impact of the pandemic spread of this virus in a
cancer patient community [8]. Important insights can be
gained from serology studies to get data on the pro-
portion of (asymptomatic) infected high-risk patients in
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a population [8—33]. In addition, patients and health
care workers may be identified that are potentially
protected from reinfection by neutralising antibodies,
although currently, it is not certain if and how long
immunity would be present [9]. On average IgM anti-
bodies are detectable around 7 days after a SARS-CoV-
2 infection. Immunoglobin G antibodies can be found in
75% of patients after 7 days and in about 90% after two
weeks [8,14]. As IgA and IgM antibodies often lack
specificity and have a shorter half-life, most serologic
studies focus on IgG [8,9,13—18]. The exact role of IgG
antibodies in the immune response to SARS-CoV-2 is
unclear, but these antibodies often have a virus neu-
tralising capacity [9]. We present a prospective multi-
center study evaluating three commercially available
SARS-CoV-2 IgGf/total Ig antibody tests on the pro-
spectively collected serum of ambulatory cancer and
non-cancer patients and HCW in two Belgian oncology
units during the rise, nadir and decline of the first peak
SARS-CoV-2 epidemic.

2. Materials and methods
2.1. Study objectives

The primary objective of the study was to document the
prevalence of COVID-19 and seroprevalence of SARS-
CoV-2 IgGf/total Ig in ambulatory patients and a group
of health care workers (HCW) in two oncology units
during and after community spread of the virus. Three
commonly used commercially available SARS-CoV-2
IgG/total IG tests for SARS-Cov-2 were compared in
both populations in a real-life context to assess their
reliability. Secondary additional translational research
will be conducted on the samples, which is not part of
this manuscript.

2.2. Sample collection

After written informed consent, an additional 10 ml
lithium heparin plasma, a 10 ml EDTA-tube and a 4 ml
serum sample were collected prospectively at every
clinically indicated blood sampling in cancer and non-
cancer patients attending the Multidisciplinary
Oncology Unit of Antwerp University Hospital from
24th of March 2020 till 31st of May 2020, and the
Oncology Unit of AZ Maria Middelares Hospital,
Ghent from 13th of April 2020 till 31st of May 2020 (i.e.
the early phase, peak period, and decline of the SARS-
CoV-2 outbreak in the Flanders region). For partici-
pating paediatric cancer patients treated in the Antwerp
University Hospital, the study blood sample volume
(heparin plasma, EDTA and serum) was decided by the
treating physician according to the body weight of the
patient, ranging from 9.5 ml to 24 ml in total, and these
patients were sampled at intervals of at least 30 days. In

addition, HCW from both participating units were
asked to voluntarily donate similar blood samples at
time points 0, 1, 2 and 3 months after the start of the
study. Samples from the Oncology Unit of AZ Maria
Middelares Hospital, Ghent, were collected and labelled
locally and transferred to the biobank of the Antwerp
University Hospital. All samples were stored in the
Biobank of Antwerp University Hospital at —20 °C.
They received a unique code in order to allow linkage to
‘source data’.

2.3. Inclusion criteria

All (cancer) patients having a routine blood sampling
and HCW consenting to participate in the study in the
Multidisciplinary Oncology unit of the Antwerp Uni-
versity Hospital, and the AZ Maria Middelares Hospi-
tal, Ghent. All paediatric cancer patients, having a
routine blood sampling, whose parents or guardian
consented to participate in the study in the Antwerp
University Hospital at time points 0, 1, 2 and 3 months.

2.4. Exclusion criteria

Critically ill patients or volunteers in which the con-
senting procedure of taking additional blood samples is
not ethically and/or clinically acceptable.

2.5. Treatment of the patients

As the SARS-CoV-2 antibody testing was performed as
a batch in retrospect, the test results did not influence
their clinical management. Several mitigating risk stra-
tegies were implemented in routine cancer care from
13th March onward. Non-urgent visits such as follow-
ups were postponed or replaced by teleconsultation [10].
All oncologic systemic treatments were continued and
administered on an outpatient basis when possible. A
system for home monitoring for symptoms and treat-
ment-related side effects (AMTRA, Remedus) and
home blood sampling (BAPIC) was routinely offered to
all patients [10—12]. Both BAPIC and AMTRA were
used for systematic toxicity and SARS-CoV-2 symptom
registration [11,12]. Visitation regulations were restric-
tive, and social distancing was practiced as much as
possible [11]. From 31st March onward, mask wearing
was obligatory for patients and health care providers.
Additional throat washing for PCR testing against
SARS-CoV-2 every fortnight was implemented from
14th April onward.

2.6. Accrual of clinical data

For the patients in the Antwerp University Hospital the
information technology (IT) department used data
mining of the electronic patient files of the hospital to
register the following data for all cancer patients:
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COVID-19 PCR testing (positive/negative), type of
cancer, stage of cancer (TNM), metastatic cancer (yes/
no), relevant comorbidity disease (a. Diabetes, b. Hy-
pertension, c. Inflammatory disorders, d. Other), type of
oncology treatment (a. Chemotherapy, b. Endocrine
therapy, c. Targeted therapy, d. Immunotherapy, e.
Radiotherapy, f. Combination of above, g. No current
treatment), World Health Organisation performance
status, Body Mass Index, tumour marker (if available),
CRP (as a marker of inflammation if available), white
blood cell count (if available), lactate dehydrogenase
(LDH), ferritin (as a marker of fibrosis and inflamma-
tion if available). The co-investigators in AZ Middelares
accrued these data according to their local IT and
confidentiality standards. Volunteering HCW were
asked at the moment of the last blood sampling whether
they had been absent during the last 3 months, whether
they have attracted clinical COVID-19 and optional
relevant concomitant disease.

2.7. Detection of SARS-CoV-2 RNA by RT-PCR

The Cobas SARs-CoV-2 test (Roche) was performed on
an automated Cobas 6800 system. Classically taken
nose/throat samples were used as the gold standard for
an RT-PCR diagnosis of a SARS-CoV-2 infection. In
130 patients, additional mouthwashes were collected for
RT-PCR.

2.8. SARS-CoV-2 immunoglobin Gltotal Ig antibody
testing

The following tests were used: LIAISON® SARS-CoV-2
S1/S2 IgG test (DiaSorin, Saluggia, Italy) is a fully
automated two-step chemiluminescent immunoassay to
qualitatively detect IgG antibodies against the S1/S2
protein of SARS-Cov-2 [34]. Alinity SARS-CoV-2 IgG
(Abbott, Chicago, IL, USA) is a high throughput
immunoassay directed to IgG antibodies reactive
against the nucleocapsid antigen of SARS-CoV-2,
using a two-step sandwich immunoassay employing
microparticle-bound antigen and acridinium-labelled
human anti-IgG [35]. The total SARS-CoV-2 antibody
test Elecsys® Anti-SARS-CoV-2 (Roche, Basel,
Switzerland) is an immunoassay for the in vitro quali-
tative detection of antibodies (IgA, IgM and IgG) to
SARS-CoV-2 in human serum and plasma on COBAS E
immunoassay analyzers. It detects antibodies (isotype
agnostic) reactive against SARS-CoV-2 nucleocapsid
protein using a double-antigen sandwich immunoassay
design employing ruthenium-labelled and biotin-labelled
antigen [35]. Tests were validated internally before
starting the study. As these were commercial tests, the
threshold of the manufacturers was applied to consider
a test positive (Abbott>1.4, Roche>1, DiaSorin >15
AU/ml). The collected blood samples were tested as a
batch.

2.9. Data analysis

Data were stored in a main database and cleaned and
validated manually. Descriptive statistics were reported
per subgroup (pediatric patients, cancer, non-cancer
patients and health care workers). Proportions of posi-
tive and negative tests were reported overall and per
subgroup. As patients could have several tests at
different dates, it was decided to declare a patient pos-
itive if at least one positive result was found on one of
these dates. A patient was negative if test results on all
dates were negative. Proportions were compared be-
tween subgroups using Fisher’s exact test. For the
continuous test outcomes, a Kruskal-Wallis test
(repeated measurements per subject were averaged) was
performed. If there was an overall effect of group, two
by two comparisons are made. For the analysis
comparing antibody to PCR tests, we only considered
the cancer patients and the volunteers as the other
groups are too small. We defined day 0 as the day of the
first positive PCR test, if available. In case of no positive
PCR tests, day 0 is the day of the first PCR test. In the
case of several positive PCR tests, day 0 is the day of the
first PCR test. For the antibody tests only those that
were taken at least 7 days after day 0 were considered.
Tests were compared binary using a cross table, kappa
and McNemar test, and continuously using a Spearman
correlation. The analysis was done in R 3.5.2.

2.10. Ethical aspects

Informal authorisation to start the sample collecting
after written informed consent was already given on
19th March 2020 by representatives of the Ethics
Committee (CME) of Antwerp University Hospital, and
the study was formally accepted by the CME of the
Antwerp University Hospital on 30th March 2020 (EC
number 20/13/156, internal EDGE 001070). The consent
forms and results of the blood tests were handled under
strict medical confidentiality according to the local
regulations (‘Richtlijn tot bescherming van individuen
betreffende het verwerken van persoonlijke gegevens’)
and the European General Data Protection Regulation
(EU2016/679) and its adaptation in the Belgian Law.

3. Results
3.1. Population characteristics

The dataset contained 3650 samples in 1115 different
subjects: 13 children, 908 cancer and 100 non-cancer pa-
tients, and 94 HCW. Three hundred seventy-nine of the
cancer patients (41.7%) had a hematological tumour, the
others solid cancer (breast N = 163, lung N = 42, prostate
cancer N = 29 being the most frequent tumour types). Six
children had a malignant hematological cancer and 7 had
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a solid tumour. The HCW contained 91 non-oncological
subjects, 2 oncological patients and 1 individual with a
malignant hematological tumour. We considered the
latter three in the cancer patient group. Details on the
population characteristics are given in Table 1. Cancer
patients were older than the other groups (mean age 62.9
years versus non-cancer 54.4, children 9.6, and health care
workers 40.1; Kruskal Wallis test: p < 0.0001). Four
hundred and thirty cancer patients had advanced or
metastatic disease. Cancer and non-cancer patients were
more frequently diagnosed with hypertension, diabetes,

Table 1
Population characteristics: descriptive statistics per type of subjects.

other metabolic disease and cardiovascular disease
compared to children and health care workers (Fisher’s
exact test: p < 0.05). The cancer patients had recent
(current or < 6 months) chemotherapy, endocrine treat-
ment, radiotherapy, immunotherapy and targeted treat-
ment in respectively 447 (49.2%), 59 (6.5%), 139 (15.3%),
144 (15.8%) and 348 (38.3%) of cases. Clinical COVID-19
severity according to World Organisation criteria was
respectively mild in 6 (19.4%), moderate in 2 (6.5%), severe
in 8 (25.8%) and critical in 15 (48.4%) of the cancer pa-
tients. One adult non-cancer patient had critical COVID-

Cancer patients Non-cancer patients Children Health care workers
Total n (%) or Total n (%) or Total n (%) or Total n (%) or
mean (SD) mean (SD) mean (SD) mean (SD)
Male gender 908 507 (55.8) 100 50 (50) 13 2(15.4) 94 82 (87.2)
Age mean (SD) 908 62.9 (13.1) 100 54.4 (17.6) 13 9.6 (6) 94 40.1 (11.1)
Age median (IQR) 908 64 (16) 100 56 (28) 13 9 (10) 94 40 (18)
BCRP mean (SD)* 906 18.8 (49.2) 94 9.9 (24.3) 13 17.5 (22.6) 66 6 (5.7)
BCRP median (IQR) 906 3.9 (5) 94 3.9 (0.4) 13 54 (21.7) 66 39 (3.2
CHOL mean (SD) 467 180.9 (52.6) 40 176.3 (44.9) 2 105 (12.7) 40 183.5 (35.8)
CHOL median (IQR) 467 179 (68.5) 40 167.5 (51) 2 105 (9) 40 176 (45.2)
BMI mean (SD) 842 26 (5) 72 27.6 (6.1) 13 17.4 (2.4) 28 23.8 (3.9)
BMI median (IQR) 842 25.5(6.3) 72 26.2 (6) 13 17.6 (3) 28 229 (5.2)
Blood group 570 A 253 (44.4%) 47 A 16 (34.0%) 11 A 4 (36.3%) 10 A 8 (80%)
AB 13 (2.3%) AB 0 (0%) AB 0 (0%) AB 0 (0%)
B 47 (8.2%) B 4 (8.5%) B 0 (0%) B 0 (0%)
O 257 (45.1%) O 27 (57.4%) O 7 (63.6%) 0O 2 (20%)
WHO = 0 352 145 (41.2) 8 5 (62.5) NA 2 2 (100)
WHO = 1 352 180 (51.1) 8 3 (37.5) NA 2 0 (0)
WHO = 2 352 21 (6) 8 0 (0) NA 2 0 (0)
WHO = 3 352 6 (1.7) 8 0 (0) NA 2 0 (0)
Sleep apnea 908 38 (4.2) 100 8 (8) 13 0 (0) 94 1(1.1)
Cardiovascular disease 908 226 (24.9) 100 27 (27) 13 0 (0) 94 4 (4.3)
Thromboembolic disease 908 64 (7) 100 5(5 13 0 (0) 94 1(1.1)
Renal disease 908 56 (6.2) 100 8 (8) 13 0 (0) 94 1(1.1)
Pulmonary disease 908 128 (14.1) 100 12 (12) 13 2 (15.4) 94 7(7.4)
Diabetes 908 82 (9) 100 10 (10) 13 0 (0) 94 0 (0)
Metabolic disease 908 163 (18) 100 17 (17) 13 0 (0) 94 7(7.4)
Hypertension 908 208 (22.9) 100 17 (17) 13 0 (0) 94 3(3.2)
Infection 908 155 (17.1) 100 17 (17) 13 4 (30.8) 94 6 (6.4)
Allergic constitution 908 44 (4.8) 100 12 (12) 13 0 (0) 94 4 (4.3)
Hematologic disease 908 378 (41.6) 100 38 (38) 13 6 (46.2) 94 0 (0)
Gastrointestinal disease 908 137 (15.1) 100 19 (19) 13 0 (0) 94 7(7.4)
Autoimmune disorder 908 63 (6.9) 100 16 (16) 13 0 (0) 94 4 (4.3)
Recent chemotherapy 908 447 (49.2) 100 505 13 8 (61.5) 94 0 (0)
Recent targeted therapy 908 348 (38.3) 100 10 (10) 13 0 (0) 94 0 (0)
Antihormonal treatment 908 59 (6.5) 100 0 (0) 13 0 (0) 94 0 (0)
Hereditary cancer 908 4(0.4) 100 1(D) 13 0 (0) 94 0 (0)
Transplant 908 80 (8.8) 100 303 13 0 (0) 94 0 (0)
Recent vaccination 908 12 (1.3) 100 1(D) 13 0 (0) 94 1(1.1)
Radiotherapy 908 139 (15.3) 100 0 (0) 13 2(15.4) 94 0 (0)
Epileptic and neurologic 908 27 (3) 100 7(7) 13 1(7.7) 94 1(1.1)
disorder
Bone 908 19 2.1) 100 303) 13 0 (0) 94 0 (0)
Death during first wave COVID19 908 25(2.8) 100 0 (0) 13 0 (0) 94 0 (0)

*Cancer patients: BCRP<2.9 for 2 subjects, <4.0 for 590 subjects.
*Non-cancer patients: BCRP<4.0 for 69 subjects.
*Children: BCRP<4.0 for 5 subjects.

*Health care workers: BCRP<2.9 for 21 subjects and <4.0 for 22 subjects.
Remark: For baseline C-reactive protein (BCRP), there were categories <2.9 and < 4.0 and they were recoded as 2.8 and 3.9 to make a mean.

CHOL: cholesterol.
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19, while 8 of the HCW (88.9%) had mild disease (11.1%)
and 1 severe disease. In our population, 25 patients died,
all cancer patients (2.8%) with advanced solid and/or he-
matological tumours.

3.2. SARS-CoV-2 IgGltotal antibody and PCR test
results in the various populations

Test results for the entire population and different
subgroups are given in Table 2 and in Fig. 1. Comparing
the cancer patients to the HCW (Fisher’s exact test)
there was a significant difference for A (p < 0.0001), R
(p = 0.007), D (p < 0.0001) SARS-CoV-2 antibody tests
and RT-PCR (p < 0.0001). Non-cancer patients had
lower rates of seroconversion compared to cancer pa-
tients and HCW for A and R (p < 0.043), a lower fre-
quency of confirmatory positive RT-PCR (p < 0.0001).

3.3. Correlations between the different SARS-CoV-2 IgG/
total antibody tests

Correlation between the absolute values of the different
SARS-CoV-2 IgG/total antibody tests is given in

333

Table 3. In HCW, the three tests correlated moderately
well (kappa 0.39—0.53), while for the pediatric patients,
only a correlation could be found between A and R
(kappa 0.68). In cancer and non-cancer patients, a cor-
relation between the three serological tests was absent or
poor (kappa —0.18 to 17.0). Dichotomising results in
positive versus negative, the A and R test correlated well
(kappa 0.82, difference not significant p McNemar
test = 0.344), while it remained poor comparing A and
D, and R and D (respectively kappa 0.49 and 0.57; result
significantly different p McNemar test = <0.0001 for
both) (Supplementary Table SI and Fig. 2).

3.4. Detection of IgG IgGltotal SARS-CoV-2 antibodies
in subjects with positive RT-PCR test

For the analysis, we only considered the cancer patients
and the HCW as the other groups are too small. There is
a significant correlation between the absolute antibody
levels amongst the various serological tests (p-value
<0.0001) for each of the comparisons (Fisher’s exact
test). Seroconversion according to the A, R and D
SARS-CoV-2 IgGf/total antibody test at least 7 days

Table 2
IgG/total SARS-CoV-2 antibody and RT-PCR test results for the cancer, non-cancer, pediatric oncology patients and health care workers.
Abbott Roche DiaSorin PCR"
Overall Total 998 1010 1020 618
Negative 966 (96.8%) 973 (96.3%) 942 (92.4%) 572 (92.6%)
Positive 32 (3.2%) 37 (3.7%) 68 (6.7%) 46 (7.4%)
Equivocal® 10 (1.0%)
Adult cancer patients (Cancer) Total 805 820 827 530
Negative 787 (97.8%) 795 (97.0%) 768 (92.9%) 494 (93.2%)
Positive 18 (2.2%) 25 (3.0%) 51 (6.2%) 36 (6.8%)
Equivocal® 8 (1.0%)
Median value 0 0.071 4.3 41
IQR [0,0] [0.070,0.073] [3.7,5.9] [40]
Pediatric oncology patients Total 11 11 11 13
Negative 10 (90.9%) 10 (90.9%) 10 (90.9%) 13 (100%)
Positive 1.(9.1%) 1.(9.1%) 1(9.1%) 0 (0%)
Equivocal 0
Adult non-cancer patients (Non-Cancer) Total 90 87 90 43
Negative 89 (98.9%) 87 (100%) 85 (94.4%) 42 (97.7%)
Positive 1 (1.1%) 0 (0%) 5 (5.6%) 1 (2.3%)
Equivocal® 0
Median value 0 0.072 4.8 41
IQR [0,0] [0.070, 0.074] [3.7,6.3] [41, 41]
Health care workers (HCW) Total 92 92 92 32
Negative 80 (87.0%) 81 (88.0%) 79 (85.9%) 23 (71.9%)
Positive 12 (13.0%) 11 (12.0%) 11 (12.0%) 9 (28.1%)
Equivocal® 2 (2.2%)
Median value 0 0.072 5.2 41
IQR [0,0] [0.070,0.077] [4.3,7.4] [32.6, 41]
Statistics
Overall p-value** <0.0001 0.007 <0.0001 <0.0001
Cancer versus Non-Cancer 0.038 0.035
Cancer vs HCW 0.0001 0.007 <0.0001 <0.0001
Non-Cancer versus HCW 0.017 0.043 <0.0001

IQR: interquartile range.
**: Fisher’s exact test.

? For the Liaison test a value of 12—15 AU/ml was considered equivocal.
® Antibody testing and PCR testing were not done consistently simultaneously as, during the first wave, test strategies changed several times,
driven by the availability of test-kits. Therefore PCR results should not be compared with IgG test results.
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Fig. 1. Dotplots of IgG/total Ig SARS-CoV-2 antibody levels (A—C) and polymerase chain reaction Ct levels (D) in cancer, non-cancer

and pediatric patients and voluntary health care workers.

Table 3
Correlations between the absolute values of the different SARS-CoV-2
IgGf/total antibody tests.

Group Tests Correlation n
Overall A versus R 0.21 991
A versus D 0.2 996
R versus D 0.16 1007
Cancer patients A versus R 0.17 801
A versus D 0.13 804
R versus D 0.15 818
Pediatric cancer patients A versus R 0.68 11
A versus D 0.39 11
R versus D 0.22 11
Non-cancer patients A versus R 0.01 87
A versus D 0.16 89
R versus D —0.08 86
Health care workers A versus R 0.48 92
A versus D 0.53 92
R versus D 0.39 92

The Alinity® (A; Abbott) and Liaison® (D; DiaSorin) commercially
available assays were used to measure SARS-CoV-2 IgG, while total
SARS-CoV-2 Ig was measured by Elecsys® (R; Roche).

after positive RT-PCR for SARS-CoV-2 was seen in
respectively 7/9 (77%), 7/8 (87%), 6/8 (75%) of the
HCWs, and 7/8 (87%), 17/22 (77%) and 7/8 (87%) of the
cancer patients (all differences not significant). These

A L

(N7

R

Total: n=978
Negative for all three tests n=913

Fig. 2. Summary of the concordance between the positive 1gG/
total Ig SARS-CoV-2 antibody test results in the entire population
according to the Abbott, DiaSorin and Roche tests.

were all detected in patients with solid tumours as no (0/
4) seroconversions were seen in patients with hemato-
logical tumours Fig. 3. The evolution of the repeated
measurements split up for positive and negative
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Fig. 3. Evolution of the repeated SARS-CoV-2 IgG and total Ig antibody measurements split up for positive and negative RT-PCR at least
7 days earlier, and severity of COVID symptoms (S1) and hematological versus solid tumours (S2).

PCR and severity of COVID-19 symptoms are, respec-
tively, depicted in Fig. 3. Antibody levels according to
the first date of COVIDI9 symptoms are given in
Supplementary Fig. 1. Comparing the absolute antibody
levels of the different Ig tests for the entire group of
cancer patients or the cancer patients with solid tumours
with HCWs at least 7 days after PCR positivity did not
show any differences (Table 4). However, antibody
levels were significantly lower in patients with hemato-
logical tumours compared to solid tumours (Man-
n—Whitney U test R: p = 0.003, L: p = 0.008) or HCW
(Mann—Whitney U test all p < 0.0001) (Supplementary
Fig. 2).

4. Discussion

It remains an unanswered question how accurate sero-
logic tests for SARS-CoV-2 are in different populations
and how they can be used in clinical practice to benefit
the patients [9,13—33]. The majority of commercially

available tests against SARS-CoV-2 IgG are directed to
recombinant antigens covering the viral nucleocapsid
protein (Abbott, Roche) or the S1/S2 domain of the
spike protein (DiaSorin) [9]. They have been developed
rapidly over the last half-year and were often introduced
in clinical settings before being validated with samples in
larger cohorts [9,13—18,21—32]. In a major effort, the
National SARS-CoV-2 Serology Assay Evaluation
Group performed a head-to-head assessment of SARS-
CoV-2 IgG assay (Abbott, Chicago, IL, USA),
LIAISON SARS-CoV-2 S1/S2 IgG assay (DiaSorin,
Saluggia, Italy), Elecsys Anti-SARS-CoV-2 assay
(Roche, Basel, Switzerland), SARS-CoV-2 Total assay
(Siemens, Munich, Germany), and a novel 384-well
ELISA (the Oxford immunoassay) [22]. They derived
sensitivity and specificity from 976 pre-pandemic blood
samples and 536 blood samples from patients with
laboratory-confirmed SARS-CoV-2 infection, collected
at least 20 days post symptom onset (collected between
Ist Feb 2020, and May 31st, 2020). All assays achieved a
sensitivity of at least 98% with thresholds optimised to
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Table 4

Absolute SARS-CoV-2 IgGftotal antibody levels in the cancer pa-
tients, patients with hematological cancer, patients with solid cancer
and voluntary health care workers.

Abbott Roche DiaSorin
Cancer patients Median 7 16.64  74.02
IQR 3.6 51.9 126.3
n 8 22 24
Solid cancer Median 7 37.6 89.4
IQR 3.6 56.2 158.5
n 8 18 20
Hematological Median 0.1 5.2
cancer (Hema) IQR 0.3 4.1
n 0 4 4
Health care Median 4.7 7.3 26.6
workers (HCW) IQR 49 36.1 27.0
n 9 8 8
Statistics
p-value® Solid vs Hema 0.003 0.008
p-value® Cancer versus VHW  0.287 0.758 0.424

% Mann Whitney U test, n = number, IQR: interquartile range.

achieve a specificity of at least 98% on samples taken 30
days or more post symptom onset. In a large study by
Perkman et al. comparing the Abbott, Roche and Dia-
Sorin tests, similar specificities were found, but in
contrast to the manufacturer’s specifications, sensitiv-
ities only ranged from 83.1 to 89.2% [36]. It was shown
in this study that at low seroprevalences, the minor
differences in specificity resulted in profound discrep-
ancies of positive predictive values: eg. at 1% seropre-
valence: 52.3% (36.2—67.9), 77.6% (52.8—91.5), and
32.6% (23.6—43.1) for Abbott, Roche and DiaSorin,
respectively. As in our study, a good level of agreement
was found between the Roche and Abbott tests, but
significant differences were noted with the DiaSorin test.
These discrepancies may be partly explained by indi-
vidual differences in the immune response against
SARS-CoV-2 depending on the antigenic target: the S1/
S2 antigen for DiaSorin versus the N antigen for the
Roche and Abbott tests [34,35]. This may affect both the
time frame and the extent of the antibody response. The
Roche and Abbott tests probably have a high rate of
similar epitope recognition. It has been hypothesised
that the majority of produced antibodies are against the
most abundant protein of a virus, which for SARS-

Table 5

CoV-2 is the N protein [9]. Boukli er al reported a
high incidence (10%) of false-positive results with the
DiaSorin test, particularly in patients suffering from
acute infectious conditions, such as Epstein—Barr virus
(EBV) or hepatitis B virus (HBV) infections [37]. It is
suggested that they result from nonspecific immune
activation rather than cross-reactivity between non-
SARS-CoV-2 antibodies and the SARS-CoV-2 pro-
teins used in the assay. Strikingly a moderate correlation
was found between the three serologic tests in the HCW,
while it was very poor or absent in the other populations
in our study. This deserves further attention as it re-
mains unclear whether this is a true phenomenon
induced by a certain disease or treatment-related factors,
or just a statistical coincidence.

Estimates about seroprevalence of SARS-CoV-2 in
cancer populations strongly depend on the type of
serologic test used, the population tested (ambulatory
versus hospitalised) and timing of testing, particularly
related to the extent of the COVID-19 pandemic in the
local general population [6]. A summary of studies
performed in cancer populations is given in Table 5.
Immunoglobulin G/total antibodies directed to SARS-
CoV-2 during the first wave of the SARS-CoV-2
pandemic were low in our cancer population and not
above levels noted in the Belgian population in the same
time interval (3.1—6.9%) [38]. A survey in our units
showed that cancer patients protected themselves very
well against SARS-CoV-2 by social distancing, isola-
tion, wearing mouth masks and hand hygiene (unpub-
lished data). This adds to the measures that were taken
in our hospitals to provide cancer care as safe as possible
[6,10—12]. The prevalence of SARS-CoV-2 antibodies
among HCWs, which are presumed at higher risk for
infection, has been increasingly investigated [39]. In a
meta-analysis of 49 studies, including 127,480 health
care workers overall seroprevalence of SARS-CoV-2
antibodies was 8.7% (95% CI: 6.7—10.9%) [40]. Major
factors driving seropositivity are the type of hospital
setting assessed, the job duties and patient contacts of
the HCW, and the intensity of the COVID-19 pandemic
in the area [41]. In a nationwide Scottish linkage cohorts
study comprising 158,445 health care workers and
229,905 household members it was shown that health

Main characteristics of studies assessing SARS-CoV-2 IgG seropositivity in cancer patients and health care workers (HCW) in oncological units.

First author Region Period N Antibody test Seropositivity
Patients HCW

Cabezon-Gutierrez et al. Torejon (Spain) 1/6—18/6/2020 229/0 Testsealabs® IgG/IgM 29.0% NA

Fuederer et al. Vienna (Austria) 21/3—4/6/2020 84/64 Roche Elecsys® 3.2% 3.6%
total Ig

Mara et al. Italy 30/3—11/5/2020 61/105 Testsealabs® 1gG/IgM 87.9%" 80.5%"

Van Dam et al. Belgium 24/3—31/5/2020 908/100 Abbot 2.2% 13.0%
DiaSorin 6.2% 12.0%
Roche 3.0% 12.0%

NA:not available.
% After confirmed PCR.
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care workers facing patients and their household mem-
bers respectively have a threefold and twofold increased
risk of admission with serious COVID-19 [28]. Small
studies in oncology units showed seroconversion rates of
5—7.5% amongst staff members [26,27]. Health care
professionals had a significantly higher prevalence of
SARS-CoV-2 antibodies, and RT-PCR confirmed
SARS-CoV-2 infection compared to patients in our
population. This can be explained by the lack of avail-
ability and suboptimal use of protective material until
end-March 2020. We had an outbreak of COVID-19 in
the oncology unit of the Antwerp University Hospital,
affecting some patients, medical and nursing staff before
masks and protective clothing became generally avail-
able and obligatory to be used. This was managed suc-
cessfully by closing the unit for a week, testing all
patients and health care professionals for SARS-CoV-2
by PCR, sending all asymptomatic staff on leave for a
week and SARS-CoV-2 confirmed positive individuals
for 2 weeks, isolating the involved patients and segre-
gating pathways [10,12]. In fact, we did not have any
problems afterwards; however, this highlights the
importance of protective measures in this population.
It remains controversial whether (some) cancer pa-
tients have a clinically important degree of immunosup-
pression related to their disease or treatment and have an
adequate (IgG) immune response after a SARS-CoV-2
infection [6]. This is crucial for vaccine development and
timing of vaccination in relation to oncologic treatment.
Several small series have suggested that cancer patients
had lower rates of seroconversion after clinical COVID-
19 compared to non-cancer patients [29—32], but this
could not be confirmed by others [33]. In the study of
Mara et al., specifically focusing on SARS-CoV-2 sero-
conversion in cancer patients and oncology health care
workers, no difference in SARS-CoV-2 IgG positivity
was observed between both groups using 2019-nCoV
IgG/IgM Rapid Test Cassette: respectively 25/29
(87.9%) versus 25/33 (80.5%; p = 0.39) [25]. In addition,
no differences in the time from SARS-CoV-2 diagnosis to
IgG detection were seen comparing cancer patients with
health care workers (23.0 versus 28.0 days, p = 0.21).
Recent evidence has raised some new insights on the
variable immune response of cancer patients. In a
detailed translational study on 41 cancer (23 solid, 18
hematological) patients, Abdul Jawad et al. showed that
SARS-CoV-2 exposed cancer patients with solid tumours
develop immune response signatures similar to those of
non-cancer patients [42]. However, this is not the case for
patients with hematological malignancies that display
heterogeneous humoral responses, an exhausted T-cell
phenotype and a high prevalence of prolonged viral
shedding. COVID-19 positive hematological cancer pa-
tients showed three phenotypes: (1) patients failing to
mount an antibody response with prolonged viral shed-
ding (2) patients mounting an antibody response but
failing to clear the virus, and (3) those able to mount an

antibody response and successfully clear virus. Although
numbers are low, these observations were confirmed in
our study. Patients with solid tumours had an antibody
response that was comparable to that of healthy volun-
teers, while patients with hematological malignancies did
not mount an antibody response in our population
(Fig. 3). These patients were B-cell depleted or had a
history of an autologous bone marrow transplant. In
fact, at least 2 of these patients did not manage to clear
the SARS-CoV-2 and had several episodes of hospital
admission because of disease exacerbation. Hematologi-
cal cancer patients often suffer from complex immuno-
logical dysregulation that can persist life-long. This
probably explains their long-term increased risk of being
hospitalised and death due to COVID-19 [7]. The effects
of oncological treatment on antibody response and
effectivity of vaccination against SARS-CoV-2 needs
urgent prospective studies, particularly in B-Cell depleted
patients on rituximab, autologous transplant patients
and patients with extensive metastatic end-stage disease.
Patients with solid and hematological malignancies
should be regarded as different entities in future studies.

In our opinion, SARS-CoV-2 antibody testing has
no added value in the management of cancer patients
during the COVID-19 pandemic. Correlation between
different commercial antibody tests is low, and the
presence or absence of SARS-CoV-2 antibodies gives
little information on the protection of patients against
COVID-19. Our study highlights the importance of
protecting the nursing and medical staff against a
SARS-CoV-2 infection. The study has several limita-
tions. It is a cross-sectional study, and blood samples
were not taken at fixed time points. Clinical data were
gathered retrospectively. Although it is a big study,
luckily for the patients, the rate of seroconversion was
low limiting the number of events. On the other hand,
it is the first large study comparing three commercial
tests for SARS-CoV-2 IgG/total Ig in a real-life
ambulatory cancer population. More important, sam-
ples were not historic left-over samples but were
collected prospectively and handled and stored with
care, assuring optimal quality of the laboratory anal-
ysis. Additional studies looking at the immune
response in a more detailed way on this material are
planned in the future.
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