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Abstract
The aim of the study was to access the SARS-CoV-2 antibody seroprevalence in healthcare workers (HCWs) of a tertiary 
pediatric hospital after the first wave of the pandemic and to compare the results among seven commercially available anti-
body detection assays, including chemiluminescence (CMIA), electroluminescence (ECLIA), Εnzyme-Linked Immunosorb-
ent Assay (ELISA), and rapid immunochromatography (RIC). SARS-CoV-2 antibody detection was performed in serum 
samples of 1216 HCWs, using a reference CMIA assay and 8/1216 (0.66%) were detected positive. Positive serum samples 
were further tested with other assays; however, only one sample was positive by all tests. The rest 7 cases were negative with 
ECLIA and ELISA and gave discordant results with RIC test. Six months later, new serum samples of seropositive HCWs 
were analyzed with the same 7 tests, with inconsistent results again. Identification of reliable SARS-CoV-2 antibody tests is 
important to determine the actual number of past infections, the duration of antibodies, and guide public health decisions.
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Introduction

On 2019, a new severe acute respiratory syndrome coro-
navirus (CoV) was isolated in Wuhan, China, identified as 
SARS-CoV-2 in January 2020. The World Health Organi-
zation (WHO) declared SARS-CoV-2 disease (COVID-19) 
as a public health emergency of international concern [1].

The SARS-CoV-2 is the seventh known coronavirus and 
the third CoV associated with severe respiratory syndromes. 
As a member of CoVs, SARS-CoV-2 is an enveloped, posi-
tive-sense single-stranded RNA virus that is enabled to infect 
human and other mammals. Based on genomic data, the 
most probable natural host of SARS-CoV-2 is the bat which 
was likely transmitted to humans through an intermediate 

host, like pangolin. The virus infects the nasal and bronchial 
epithelial cells and pneumocytes through binding of the viral 
glycoprotein spike (S) to the human receptor angiotensin-
converting enzyme 2 (ACE2) [2, 3].

The human-to-human transmission mainly happens 
through droplets during talking, coughing and sneezing, 
touching an infected surface as well as through aerosols. 
An infected person could transmit the virus whether is pre-
symptomatic, symptomatic or asymptomatic [3, 4]. The most 
common clinical features are fever, cough, dyspnea and may 
also include anosmia, dysgeusia, headache, gastrointestinal 
symptoms and skin lesions [5–7]. Elderly and people with 
comorbidities are at increased risk for a severe COVID-19 
infection with worse outcome [5].

In Greece, coronavirus protection measures were taken 
immediately resulting in a particularly low incidence 
rate in the first wave of the pandemic (until 2 July 2020: 
3,500/10,720,000; 0.033%); however, this rate may be 
underestimated due to the asymptomatic cases (https://​eody.​
gov.​gr/​wp-​conte​nt/​uploa​ds/​2020/​07/​covid-​gr-​daily-​report-​
20200​702.​pdf).

Healthcare workers (HCWs) are also at increased risk 
for COVID-19 infection, due to the frontline nature of their 
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work and higher seroprevalence has been detected compared 
to the general population [8–10].

Testing for SARS-CoV-2 specific antibodies in serum has 
become an important tool for documenting past infections 
and determining the prevalence of COVID-19 in population 
serosurveys [11–13]. While these assays are increasingly 
applied in SARS-CoV-2 seroprevalence studies, there are 
limitations in the interpretation and application of qualitative 
antibody tests for clinical and public health decision-making 
[12, 14]. Depending on the method, there is a possibility of 
false-positive results from cross-reactivity with other coro-
naviruses or autoantibodies or for false-negative results if 
there is testing early during COVID-19 infection [15]. There 
is currently little standardization of assays designed to meas-
ure antibodies to SARS-CoV-2, resulting in assays of vary-
ing sensitivity and specificity and a consequent difficulty 
in comparing seroprevalence rates between studies and/or 
countries [12, 16].

The aim of the present study was to detect the SARS-
CoV-2 seropositivity rate in HCWs of the largest pediat-
ric hospital of Greece after the first wave of SARS-CoV-2 
pandemics, using an FDA-approved assay and to compare 
the positive results with 6 additional commercially available 
anti-SARS-CoV-2 antibody detection tests.

Materials and methods

Study design and participants

A prospective cohort study was conducted at “Aghia Sophia” 
Children’s Hospital, Athens, Greece, in June and December 
2020, to check the seropositivity of healthcare personnel for 
SARS-CoV-2 infection. This is the largest tertiary pediatric 
hospital in Greece with almost 1400 HCWs. The HCWs 
cohort of the study included medical professionals (medi-
cal doctors, nurses, biologists, technicians) and nonmedi-
cal personnel of the hospital (administrative staff, cleaners, 
etc.), who voluntarily were checked for their SARS-CoV-2 
antibody status.

The initial SARS-CoV-2 antibody testing was performed 
in June 2020 and HCWs with serum samples positive for 
SARS-CoV-2 antibodies in the initial screening were further 
tested with 6 additional anti-SARS-CoV-2 antibody detec-
tion assays in June and December 2020.

Demographic, travel history and medical history char-
acteristics of anti-SARS-CoV-2 positive people were also 
collected.

Laboratory assays

Healthcare personnel were initially screened for SARS-
CoV-2 IgG antibodies using the selected from public health 

authorities Architect® SARS-CoV-2 IgG (Abbott, Chicago, 
IL, USA) assay on an ARCHITECT i2000SR instrument. 
This test is a Chemiluminescent Microparticle Immunoassay 
(CMIA), with a cutoff index (COI) value of 1.4.

The positive serum samples were further tested for 
anti-SARS-CoV-2 antibodies using the following 6 dif-
ferent assays: one electrochemiluminescence Immunoas-
say (ECLIA; Elecsys® Anti-SARS-CoV-2 (Roche, Basel, 
Switzerland) on a cobas e 411 analyzer, one Εnzyme-Linked 
Immunosorbent Assay (ELISA; Anti-SARS-CoV-2 ELISA 
IgG (EUROIMMUN, Lubeck, Germany) and four Rapid 
Immunochromatographic (RIC) tests. All antibody tests 
were conducted according to the manufacturer’s instruc-
tions. Performance details regarding the characteristics of 
anti-SARS-CoV-2 antibody tests used in this study are pre-
sented in Supplementary Table 1.

Statistical analysis

Statistical analysis was performed using the SPSS v.25 
software (IBM Corp.) and p value < 0.05 was considered 
statistically significant. The data are expressed as percent-
ages (%), mean and standard deviation (SD) or median and 
interquartile range (IQR) depending on the variable and the 
normality.

Ethical issues

Our study was conducted in accordance with the Declara-
tion of Helsinki and the study protocol was approved by the 
scientific and bioethics committee of “Aghia Sophia” Chil-
dren’s Hospital (protocol code No: 25609). Written informed 
consent was obtained from the participants.

Results

SARS-CoV-2 IgG antibody detection was prospectively 
performed in serum samples from 1216 HCWs. Of them, 
955 were women (78.5%) and 261 (21.5%) men, with mean 
age (± SD) (years): 46.9 ± 10.7 (range: 23–76 years). From 
HCWs, 364 (29.9%) were medical doctors, 371 (30.5%) 
were nurses, and 481 (39.6%) were other hospital workers.

Initial testing for SARS-CoV-2 IgG antibody with the 
Abbott Architect® SARS-CoV-2 IgG assay in June 2020 
detected eight positive samples (8/1216, 0.66%). The epi-
demiological and medical history characteristics of the anti-
SARS-CoV-2 positive HCWs are presented in Table 1. Six 
seropositive HCWs were administrative staff of the hospital, 
one was medical doctor and one was nurse. Their median 
age of seropositive HCWs was 42 years (IQR: 35.25–49.5) 
and 75% (6/8) were female. Three of them reported mild 
symptoms of infection in March 2020 without any further 
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SARS-CoV-2 molecular testing, 5/8 had comorbidities, and 
two had travel history (Table 1).

Further testing of the same 8 positive serum samples, 
using six additional different antibody assays showed vari-
able results (Table 2). Only the result of one HCW (#1) 
(1/8, 12.5%) was verified by all methods, while the other 7 
cases gave discordant results (Table 2). For the rest of the 
personnel, ECLIA and ELISA methods were negative and 
there was agreement of the Abbott Architect® for one per-
son (#5) with 3 rapid assays and in three persons (#2,#3,#8) 
with one rapid assay. In the 6-month follow-up, the person 
(#1) who was positive in all assays in the initial screening, 
became negative with the Abbott Architect® but continued 
positive with all other assays. The Abbott Architect® assay 
remained positive in 6/8 persons and there was agreement 
with one rapid assay for 4 persons (#2, #3, #5, #8) (Table 2).

Discussion

In the present study, we report the seroprevalence of SARS-
CoV-2 in HCWs including medical and nonmedical person-
nel of the major tertiary pediatric hospital of Greece, after 
the first epidemic wave. However, when we further tested 
the positive samples after the initial screening with different 
antibody detection methods, we found contradictory results.

The present study compares 4 different techniques for 
antibody detection (ELISA, ECLIA, CMIA and RICs) and 
has a 6-month follow-up. Additionally, we determined the 
percentage of the seropositive SARS-CoV-2 pediatric HCWs 
after the first wave of the pandemic in our region.

As COVID-19 is asymptomatic in at least 50% of people 
depending on age, serological studies are important to esti-
mate the burden of disease in the community, to determine 
potential herd immunity against the infectious agent, and 
to guide public health measures and vaccination policies 
[13, 17]. Nevertheless, the lack of well-standardized SARS-
CoV-2 quantitative IgG assays precludes the comparison of 
results from published studies [12].

The initial screening in the present study detected a 
low seroprevalence (0.66%), which is lower from what is 
reported in HCWs from other European pediatric hospitals, 
such as in Spain (4% using the RIC assay ViruseeR©; Geno-
bio Pharmaceutical, Shanghai, China) or Italy (5.13% using 
the Euroimmun SARS-CoV-2 ELISA like in our study) 
[18, 19]. In a recent study that compared seroprevalence in 
HCWs in Pediatric Healthcare facilities from eight different 
countries using the EDI New Coronavirus COVID-19 IgG 
against N protein ELISA (Epitope diagnostics, USA) and a 
multiplexed assay for IgG against N protein, receptor bind-
ing domain of S1 subunit and trimeric spike antigen (MSD 
SARS-Coronavirus Plate 1, Rockville, MD,USA), a signifi-
cant diversity was noted with higher in London (16,93%) and Ta
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Cape Town (10.36%), in contrast to Austrian, Estonian, and 
Latvian cohorts, where there was no positive HCWs [16]. 
Greece had the fewest recorded cases among these countries; 
thus, these differences in seropositivity may reflect the sero-
prevalence of the general population of each country.

Studies reporting the seropositivity of HCWs from chil-
dren’s hospitals detect a much lower incidence compared 
with adults’ hospitals at the same period, probably because 
of the lower burden of COVID-19 infection in children and 
exposure of personnel. In Greece, at the same region and 
period, the seropositivity in adult’s hospitals was double 
(1.26%) [20]. Areas that faced a high surge of COVID-19 
infection during the first epidemic wave detected much 
higher seroprevalence like in New York (27%), which was 
comparable to 24.4% observed in a cross-sectional study 
from UK [9, 21].

A recent systematic review and meta-analysis including 
49 studies estimated the overall seroprevalence of SARS-
CoV-2 antibodies among HCWs was 8.7% (95% confidence 
interval 6.7–10.9%) with higher seroprevalence detected 
in North America (12.7%) compared with Europe (8.5%), 
Africa (8.2%) or Asia (4%) [8].

The SARS-CoV-2 antibody detection assay we used for 
the initial screening of our population (Architect® SARS-
CoV-2 IgG, Abbott, Chicago, IL, USA) has been used in 
several studies as a screening tool for HCWs and in the 
general population [22–24]. The same assay has been com-
pared with other antibody detection methods in several stud-
ies with good performance characteristics [25–27]. How-
ever, when we tested the initially positive results of Abbott 
Architect® SARS-CoV-2 IgG, with 6 more assays, there was 
agreement only in one person. For the rest of the personnel, 

ECLIA and ELISA methods were negative and there was 
agreement with some rapid detection assays. In the 6-month 
follow-up for the only person that all methods gave an ini-
tially positive result, the Abbott Architect® SARS-CoV-2 
IgG became negative, but the rest remained positive.

In recent publications, that assessed the concordance of 
the results of different high-throughput automated immu-
noassays (including our used automated immunoassays), 
ELISA (included in this study) and RIC (not included) 
assays, a higher concordance than in our result depending 
on the used assay was recorded [28] [29].

In areas with low prevalence of SARS-CoV-2 infection 
(< 15%), even with antibody detection assays that have high 
sensitivity and specificity, the positive predictive value is 
very low (30–50%)[30]. For this reason, the seroepidemiol-
ogy results shall be interpreted with caution, as this was the 
case in our study. Individuals who tested positive in anti-
body assays, but are not immune could have a false sense of 
protection, as they could get infected and spread the infec-
tion [30]. Antibody tests can be a reliable screening tool 
in areas with high prevalence of COVID-19. However, as 
more people are exposed to SARS-CoV-2 worldwide, and 
the prevalence increases, serological assays could be more 
reliable in the near future.

The present study has specific limitations that should 
be taken under consideration for the interpretation of the 
results. We used only one assay in the initial screening of 
the population, and only the SARS-CoV-2-positive persons 
were tested with all 7 antibody assays, so we could not detect 
possible false-negative results of the initial screening assay. 
The low incidence of SARS-CoV-2 seropositivity in the total 
population increases the possibility for false-positive results. 

Table 2   The results of SARS-CoV-2 antibodies (Abs) detection employing 7 different tests in 8 seropositive healthcare workers after initial 
screening with the Abbott test in 2 different time points, 6 months apart. (6/2020 and 12/2020)

The use of symbol + indicates the presence of SARS-CoV-2 IgG antibodies and the symbol – indicates the absence of SARS-CoV-2 IgM and 
IgG antibodies; COI:  Cutoff Index

Methods Abbott Architect 
SARS-CoV-2 IgG 
(≥ 1.4 COI)

Roche Elecsys Anti-SARS-
CoV-2 (≥ 1 COI)

EUROIM-
MUN Anti-
SARS-
CoV-2 
ELISA 
(IgG)

Cellex 
qSARS-
CoV-2 IgG/
IgM Test

Dyon-
Covid19 
IgG/IgM 
Test

NADAL 
COVID-19 
IgG/IgM 
Test

STAND-
ARD Q 
COVID-
19 IgM/
IgG 
Combo

Measures 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

No of Samples 1 2.50 ( +) 0.55 (−) 27.71 ( +) 4.750 ( +)  +   +   +   +   +   +   +   +   +   + 
2 3.90 ( +) 3.14 ( +) 0.078 ( − ) 0.104 ( − ) – – – –  +   +  – – – –
3 1.70 ( +) 1.56 ( +) 0.078 ( − ) 0.093 ( − ) – – – –  +   +  – – – –
4 5.62 ( +) 4.59 ( +) 0.088 ( − ) 0.097 ( − ) – – – – – – – – – –
5 2.02 ( +) 1.53 ( +) 0.085 ( − ) 0.100 ( − ) – –  +  –  +   +  – –  +  –
6 1.46 ( +) 0.86 (−) 0.084 ( − ) 0.099 ( − ) – – – – – – – – – –
7 2.40 ( +) 1.95 ( +) 0.075 ( − ) 0.100 ( − ) – – – – – – – – – –
8 2.52 ( +) 2.02 ( +) 0.089 ( − ) 0.112 ( − ) – – – –  +   +  – – – –
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In addition, there were not serial monthly measurements of 
antibodies, but only a second time point 6 months after the 
first, which cannot exclude the possibility of new SARS-
CoV-2 infection in the meantime. All assays used measured 
total antibodies and not neutralizing antibody response.

In conclusion, SARS-CoV-2 seroepidemiology studies in 
areas with low incidence have the possibility of discordant 
or dubious results. As application of SARS-CoV-2 serologic 
testing strategies are important to guide public health inter-
ventions or individual patient management, better prospec-
tive studies are needed to validate and standardize accurate 
antibody measurement assays, especially rapid diagnostic 
tests.
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