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Abstract: Despite being located close to the European epicenter of the COVID-19 pandemic in Italy,
Austria has managed to control the first wave. In Austria, the largest health insurance fund covers
7 million people and has 12,000 employees, including 3700 healthcare workers (HCW). For patient
and staff safety, transmission control measures were implemented and mass testing of employees
for SARS-CoV-2 antibodies was conducted. An IgG SARS-CoV-2 rapid test on fingerstick blood
was used as a screening test (ST), followed by serologic studies with 3 different immunoassays and
confirmatory testing by a neutralization test (NT). Among 7858 employees, 144 had a positive ST and
88 were confirmed by a NT (1.12%, CI: 0.9–1.38%). The positive predictive value (PPV) of the ST was
69.3% (CI: 60.5–77.2). Interestingly, 40% of the NT positive serum samples were tested negative in all
3 immunoassays. Of the total sample, 2242 HCW (28.5%) were identified. Unexpectedly, there was no
difference in the prevalence of NT positives in HCW compared to non-HCW (23/2242 vs. 65/5301,
p = 0.53). SARS-CoV-2 antibody prevalence was not increased among HCW. Although HCW are
at potentially increased risk for SARS-CoV-2 infection, transmission control measures in healthcare
facilities appear sufficient to limit transmission of infection.

Keywords: SARS-CoV-2; COVID-19; health personnel

1. Introduction

By the end of February 2020, the first reports about the serious situation at intensive
care units in northern Italy emerged through social media. Austria, sharing a direct border
to Italy, was among the first countries in Europe to initiate a nationwide lockdown. With
approximately 8.9 million inhabitants, Austria′s healthcare system provides care to a
population size comparable with a state in the US. The largest health insurance fund in
Austria covers more than 7 million people and has approximately 12,000 employees. Within
our organization, nearly 3700 healthcare workers (HCW) care for over 500,000 patients
per year. During this first phase of the pandemic, healthcare services and processes were
adapted to ensure patient and staff safety. Measures such as personal protective equipment
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(PPE), visitor restriction, isolation, and transfer of COVID-19 patients to dedicated COVID-
19 hospitals, telemedicine-based outpatient services, and SARS-CoV-2 screening of non-
COVID-19 patients prior to admission were implemented. Interestingly, the volume of
patients dropped significantly from the very beginning of the pandemic, an observation
that has also been made by other investigators [1,2]. Despite extensive infection control
efforts, safety concerns may have led to patient’s change of care seeking behavior. Indeed,
high COVID-19 infection rates have been reported among HCW from China and Italy [3,4].
Given the large numbers of asymptomatic or mild cases of SARS-CoV-2 infections [5], many
of our HCW may have had undetected infections. Therefore, we assessed the prevalence of
SARS-CoV-2 IgG antibodies among employees of the Austrian Health Insurance fund and
compared HCW with non-HCW. These data provide the basis for resource management,
strategic planning, and successful implementation of a COVID-19 vaccination program.

2. Materials and Methods
2.1. Participants

Employees of the Austrian Health Insurance fund were recruited by mass mailings
and announcements in the institution′s intranet. Subjects who were at least 18 years of
age were eligible for inclusion in the study. Healthcare workers included physicians,
nurses, nursing assistants, phlebotomists, radiology technicians, dietitian, dental health
professionals, and physical/occupational therapists at a 400-bed tertiary referral hospital,
five large multi-specialty outpatient clinics, and nearly a hundred primary care services
across Austria. Until the end of the study, the tertiary referral hospital had no dedicated
COVID-19 unit with airborne infection isolation and was not designated for the treatment of
patients with COVID-19. Non-healthcare workers included employees not directly exposed
to potentially infectious patients, such as personnel of dietary/environmental/IT services,
maintenance, laundry, and engineering facilities or personnel working in office buildings.

2.2. Study Design

In this prospective cross-sectional study, SARS-CoV-2 antibody prevalence was as-
sessed among employees of the Austrian Health Insurance fund. The study was reviewed
and approved by the ethics committee of the City of Vienna (EK-20-154-VK) and was con-
ducted in accordance with the ethical standards laid down in the Declaration of Helsinki.
During July 2020, participants were tested for SARS-CoV-2 antibodies by analysis of finger-
stick whole blood. Participants were asked about their occupation, potential symptoms
of COVID-19 in the last months, previous testing for SARS-CoV-2 infection by PCR test
(swab from nose/throat), and comorbidities associated with an increased risk of severe
COVID-19 by a paper-based questionnaire. In participants with a positive screening test, a
second blood draw was carried out within 4 weeks for determination of serum-neutralizing
activity (Figure 1).
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2.3. Outcomes

The primary outcome was SARS-CoV-2 IgG antibody prevalence among employees
of the Austrian Health Insurance fund. In participants with a confirmed, reactive screening
test result, we compared baseline characteristics, antibody prevalence and potential COVID-
19 symptoms of HCW with non-HCW.

2.4. Screening and Confirmatory Testing

For screening, a commercially available lateral flow test (LFT) detecting IgG antibodies
against the SARS-CoV-2 nucleocapsid (N) protein was used as a screening test (ST). The ST
was performed by trained clinical laboratory and nursing staff members in accordance with
the manufacturers’ instructions for fingerstick whole blood (Panbio COVID-19 IgG/IgM
Rapid Test Device, Abbott Rapid Diagnostics, Jena, Germany). In contrast to IgG class
antibodies, IgM antibody testing appears less useful for detection of past infection, given
the poor sensitivity [6] and potential cross-reactivity with other coronaviruses. Thus,
only reactive IgG test results were considered positive in the study. For safety reasons,
subjects with a solitary and strong IgM test line intensity underwent further nucleic acid
amplification testing (NAAT) for SARS-CoV-2 RNA from nasopharyngeal swabs. However,
there were no positive SARS-CoV-2 PCR tests among subjects with a reactive IgM test
result. Reported sensitivities and specificities of the ST range from 60.7 to 98.7% and from
98.1 to 100%, respectively, in the literature [6–9]. However, regarding the use of finger prick
testing, there are very limited data available. A seroprevalence survey showed a sensitivity
of 77% in 43 patients [10].

For confirmation of the ST, serum samples were drawn within 4 weeks from partic-
ipants who had a reactive IgG LFT result and a neutralization test (NT) was performed
by an in-house neutralization assay measuring the antibody-mediated inhibition of cyto-
pathic effects (CPE) in SARS-CoV-2 infected Vero-E6 cells, as previously described [11,12].
Briefly, serial dilutions of heat-inactivated serum samples were incubated with 50–100
TCID50 SARS-CoV-2 for 1 h at 37 ◦C before the mixture was added to Vero E6 cells (ATCC®

CRL-1586, Manassas, VA, USA), followed by incubation for 2–3 days. NT titers were
expressed as the reciprocal of the serum dilution that protected against virus-induced
cytopathic effects. NT titers ≥ 10 were considered positive. In addition, serologic studies
with 3 different immunoassays were performed according to the manufacturers’ instruc-
tions (LIAISON® SARS-CoV-2 S1/S2 (DiaSorin S.p.A., Saluggia, Italy) on the LIAISON®

XL Analyzer; Anti-SARS-CoV-2-ELISA IgG (EUROIMMUN Medizinische Labordiagnos-
tika AG, Lübeck, Germany) on the EUROIMMUN Analyzer I; SARS-CoV-2 IgG (Abbott
Laboratories, Chicago, IL, USA) on the ARCHITECT i System).

2.5. Statistics

Absolute and percentage frequencies and 95% Clopper–Pearson confidence intervals
(CI) were calculated for binary variables and the positive predictive value and correspond-
ing 95% confidence intervals were calculated for the ST (gold standard NT). Cross tables
were given for the NT test versus the other tests. A Chi-square test was applied to test the
difference in proportion of HCW between ST positive and NT positive and negative partici-
pants. The significance level was set to 0.05. The prevalence and 95% CI in our sample was
compared with the prevalence of the Austrian population at the 31 July and the 31 August
(data from https://www.data.gv.at/katalog/dataset/covid-19-zeitliche-darstellung-von-
daten-zu-covid19-fallen-je-bundesland/resource/7669768d-b035-4d66-ad2b-3771b76395
88, 21 January 2021). All analyses were performed with R version 3.6.3 (R Foundation for
Statistical Computing, FreeSoftware Foundation, Boston, MA, USA).

3. Results

All employees were invited to participate in the study (12,157 persons); of those, 7876
(65%) gave written informed consent to participate and 18 subjects, who were younger
than 18 years of age (apprentices), were excluded. A flow diagram of the study population
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is summarized in Figure 2. Participants had a mean age of 43.9 years (SD = 11) and 5626 of
them (71.6%) were female.
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3.1. Screening Test (ST)

Of the 7858 eligible subjects who were tested, 144 (1.83%, CI: 1.55–2.15) had a positive
ST, i.e., a reactive SARS-CoV-2 IgG antibody LFT result. They had a mean age of 45.2 years,
and 103 of them (71.5%) were female. Of the 7714 employees who had a negative ST, the
mean age was 43.9 years and 5523 of them (71.6%) were female.

3.2. Confirmatory Testing (Neutralization Test, NT)

From the 144 participants who tested positive with the ST, 17 subjects did not undergo
serologic confirmatory testing (due to personal reasons), whereas 127 were further tested
for neutralizing antibodies against SARS-CoV-2. Neutralizing antibodies were detectable
in 88 participants, which corresponds to 1.12% (CI: 0.9–1.38%) of the total sample (88/7841).
The mean age was 45.5 years and 57 were female (64.8%, CI: 53.9–74.7 versus 71.6%, CI:
70.6–72.6 in the ST negative group with a mean age of 43.9 years).

3.3. Healthcare Workers

Of the total sample (7858), 298 subjects with missing HCW status and 17 subjects
who did not undergo serologic confirmatory testing were excluded from the final analysis
(Figure 2). The seroprevalence (positive NT) among HCW was 1.0% (CI: 0.7–1.5), or 23
of 2242 subjects. The prevalence among non-HCW was 1.2% (CI: 0.9–1.6), or 65 of 5301
subjects. Basic characteristics of HCW and non-HCW are provided in Table 1.
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Table 1. Characteristics of healthcare workers (HCW) and non-healthcare workers who underwent
screening for SARS-CoV-2 antibodies and completed the study.

HCW (n = 2242) Non-HCW (n = 5301)

Age Group, n (%)
18–39 years 1071 (48) 1399 (26)
40–49 years 589 (26) 1502 (28)
50–59 years 521 (23) 2143 (41)
60–69 years 61 (3) 257 (5)

Gender, n (%)
Female 1118 (50) 4194 (79)
Male 1124 (50) 1107 (21)

There was no difference in the seroprevalence between the HCW group and the non-
HCW group (p = 0.53, Chi-square test). Because of the traditional paper-based question-
naire, only detailed characteristics of HCW and non-HCW who had detectable neutralizing
antibodies were analyzed and are provided in Table 2.

Table 2. Characteristics of healthcare workers and non-healthcare workers who had detectable
neutralizing antibodies.

Healthcare Workers
(n = 23)

Non-Healthcare Workers
(n = 65)

Age group, n (%)
18–39 years 8 (35) 14 (22)
40–49 years 6 (26) 23 (35)
50–59 years 9 (39) 26 (40)
60–69 years 0 2 (3)

Gender, n (%)
Female 15 (65) 42 (65)
Male 8 (35) 23 (35)

Job function, n (%)
Nurse 9 (39) –

Nursing assistance 4 (17) –
Physician 4 (17) –

Physiotherapist 2 (9) –
Dental assistance 2 (9) –

Other healthcare personnel 2 (9)
Administrative and clerical – 59 (91)

Cleaning service – 4 (6)
Dietary service – 1 (1.5)

Maintenance service – 1 (1.5)

Chronic medical conditions, n
(%)

Hypertension 6 (26) 6 (9)
Cancer 0 0

Diabetes mellitus 0 3 (5)
Chronic lung disease 2 (9) 3 (5)
Autoimmune disease 1 (4) 2 (3)

Cardiac disease 1 (4) 1 (1.5)

Previous PCR testing, n (%)
Positive 5 (22) 8 (12)

Negative 4 (17) 6 (9)
Not performed 14 (61) 51 (79)
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3.4. Symptoms

Of the 88 participants who had detectable neutralizing antibodies, 29 participants (33%,
CI: 23.3–43.8) reported no symptoms. Frequencies of common symptoms are provided in
Figure 3.
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Among HCW who tested positive with the NT, 5 of 23 (22%) were asymptomatic
compared to 24 of 65 (37%) in the non-HCW group.

3.5. PCR

Of the 88 participants who had detectable neutralizing antibodies, 23 had been pre-
viously tested for SARS-CoV-2 RNA and 13 of them had a positive result. The median
time from previous PCR testing to the ST was 113 days (range 99 to 131) for positive PCR
test results and 82 days (range 16 to 132) for negative PCR test results. All subjects with
a positive SARS-CoV-2 RNA test result reported symptoms compatible with COVID-19.
Among the 39 individuals who were tested negative with the NT, 5 subjects had been tested
previously for SARS-CoV-2 RNA and all of them had negative PCR test results.

3.6. Performance of the Screening Test

A total of 88 of the ST positive individuals were also positive according to the NT
(69.3%, CI: 60.5–77.2). Under the assumption, that NT is the gold standard of being positive,
this percentage reflects the positive predictive value of the ST.

3.7. Serologic Immunoassays

Of the 39 serum samples tested negative with the NT, 97, 100, and 95% were negative
with DiaSorin, Euroimmun, and Abbott (Table 3). Of the 88 samples tested positive with
the NT, only 59, 58, and 57% were positive for DiaSorin, Euroimmun, and Abbott. There
were 35 serum samples (40%) which tested negative in all three immunoassays despite
being positive with the NT.
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Table 3. Cross table NT results versus 3 different immunoassays.

Neutralization Test Level Negative Positive

n 39 88
Diasorin (%) neg 38 (97.4) 52 (59.1)

pos 1 (2.6) 36 (40.9)
Euroimmun (%) neg 39 (100) 51 (58)

pos 0 (0) 37 (42)
Abbott (%) neg 37 (94.9) 50 (56.8)

pos 2 (5.1) 38 (43.2)

4. Discussion

In early March, an alpine ski resort, linked to a number of COVID-19 cases across Eu-
rope after skiers returned home, became the center of a COVID-19 outbreak in Austria [13].
A nationwide lockdown was imposed, and Austria’s healthcare system prepared for the
surge. Healthcare facilities of the Austrian Health Insurance fund had to adapt structures
and processes to respond to the changing environment. As part of the safety concept,
testing for SARS-CoV-2 IgG antibodies was offered to all employees to determine the sero-
prevalence among employees at higher risk for exposure to SARS-CoV-2 and employees
with low exposure risk.

In our study, the overall positivity rate of confirmed cases was 1.12%, which is higher
compared to the prevalence in the Austrian population at similar time points (0.24% by
31 July and 0.31% by 31 August). Although we observed higher percentages than in the
Austrian population, some limitations may have a bias on the comparison. Data from
the Austrian population is based on PCR-testing results and includes more individuals
with symptoms. Thus, the difference may be due to a higher detection rate of asymp-
tomatic/unreported cases in our population and possible false-negative molecular testing
of swab specimen [14,15]. However, a higher seroprevalence was also reported by other
investigators who detected virus-specific antibodies in 1.88% of a representative collective
of working adults after the first lockdown in Austria [16]. Clinically, one-third of employ-
ees who had detectable neutralizing antibodies reported no symptoms compatible with
COVID-19, which is comparable to the proportion of asymptomatic infections found by
others [17]. Frequencies of common and less common symptoms were also similar to the
findings in other studies [18].

Another important question of our study was whether the prevalence of SARS-CoV-2
antibodies was higher among HCW, which may be caused by higher risk of transmis-
sion of SARS-CoV-2 [19–22] or SARS-CoV-2 RNA contamination of surfaces of hospital
environments [23] or air samples from both ICU and general wards [24]. Unexpectedly,
we found no difference in the prevalence between HCW and non-HCW. These findings
contrast with previous studies showing increased seroprevalences of SARS-CoV-2 during
the initial phase of the pandemic among HCW in China, UK, and Sweden [25–27]. Several
factors may have influenced our results. First, a nationwide lockdown was adopted early
in Austria and the overall infection rates stayed relatively low (<10 reported cases per
100,000 inhabitants). Secondly, transmission control measures such as wearing PPE were
rapidly implemented in healthcare facilities across the country. Thirdly, our population
did not include HCW from designated COVID-19 hospitals as isolation and transfer of
COVID-19 patients to dedicated COVID-19 hospitals was a key component of the patient
safety strategy. However, recently published data from the US and Germany are more
consistent with our findings. Two studies from Germany detected SARS-CoV-2 IgG an-
tibodies in only 1.6 and 1.8% of HCW, including HCW with a high exposure risk [28,29].
A seroprevalence study in the NYC area investigated a large cohort of 46,117 HCW [30].
Although the prevalence was 10 times higher (13.7%) than in our sample, it was similar to
the statewide prevalence [31]. These data indicate that even in a higher prevalence/high
exposure setting, transmission control measures are effective in preventing the spread of
COVID-19 in healthcare centers. Yet, this may be different in other geographic locations or
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at a more advanced period of the pandemic. With the persistence of the COVID-19 pan-
demic, rates of healthcare associated SARS-CoV-2 infections are expected to increase. Thus,
a longer period of observation may show different results. In most seroprevalence studies,
an appropriate control group is absent [32]. An important feature of our study design
was the inclusion of a control group of working adults, which allowed for comparison of
HCW with non-HCW. Further strengths of the study were its use of a large and nationally
representative sample and the use of virus microneutralization assays for confirmatory
testing. For large-scale screening, rapid tests are needed [33]. In terms of the feasibility, our
study shows that using a rapid test device on fingerstick whole blood is a practical method
for mass testing. Our study comes not without limitations; particularly, PCR data were only
available in ~25% of serologically confirmed cases, indicating a relative large number of
undetected cases, as reported by other investigators [34]. Further limitations include a time
lag between ST and NT (no longer than four weeks) and that the sensitivity or specificity of
the ST could not be calculated as the NT was only performed in individuals with positive
ST. However, as the NT is considered the gold standard of being positive [35], 69.3% of the
ST positive people were also positive according to the NT. This percentage also reflects
the PPV of the ST in our cohort. The PPV is also dependent on the pretest probability
(prevalence). Thus, the PPV will rise when the prevalence increases [36]. Although the
PPV of the ST will increase with rising infection rates, a single screening test approach in
low-prevalence situations may be appropriate for SARS-CoV-2 serosurveillance studies,
but is limited in the evaluation of an individual’s protective immunity against SARS-CoV-2.
Interestingly, 40% of the NT positive serum samples were tested negative in all three
immunoassays. Serologic assays sensitivities usually range from 80 to over 90% in larger
cohorts [37,38]. Although IgG antibodies remain detectable for months after infection [39],
this may be different in the mild/asymptomatic COVID-19 population as most data are
obtained from hospitalized patients [40,41]. Therefore, commercial serology tests may have
limited clinical value particular in individuals with low antibody response.

5. Conclusions

Overall, we could demonstrate that the SARS-CoV-2 antibody prevalence was not
increased among HCW compared to non-HCW. Our data clearly show that healthcare
services were safely provided to patients during this period of the COVID-19 pandemic.
The study may also provide important information for management of personnel resources
and vaccination strategies.

Author Contributions: Conceptualization, N.S.-M., A.S., F.K. and A.K.; methodology, J.B. and S.Z.;
software, S.Z.; formal analysis, S.Z. and J.B.; investigation, E.F. and A.S.; resources, E.Z.; writing—
original draft preparation, J.B., S.Z., N.S.-M. and E.Z.; writing—review and editing, L.W., K.S., F.K.,
E.F., E.Z. and A.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the City of Vienna (EK-20-154-VK,
9th July 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented are available and can be provided from the corre-
sponding author on request.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2021, 10, 1909 9 of 10

References
1. De Filippo, O.; D’Ascenzo, F.; Angelini, F.; Bocchino, P.P.; Conrotto, F.; Saglietto, A.; Secco, G.G.; Campo, G.; Gallone, G.; Verardi,

R.; et al. Reduced Rate of Hospital Admissions for ACS during Covid-19 Outbreak in Northern Italy. N. Engl. J. Med. 2020, 383,
88–89. [CrossRef]

2. Pessoa-Amorim, G.; Camm, C.F.; Gajendragadkar, P.; De Maria, G.L.; Arsac, C.; Laroche, C.; Zamorano, J.L.; Weidinger, F.;
Achenbach, S.; Maggioni, A.P.; et al. Admission of patients with STEMI since the outbreak of the COVID-19 pandemic: A survey
by the European Society of Cardiology. Eur. Heart J. Qual. Care Clin. Outcomes 2020, 6, 210–216. [CrossRef]

3. Lapolla, P.; Mingoli, A.; Lee, R. Deaths from COVID-19 in healthcare workers in Italy—What can we learn? Infect. Control Hosp.
Epidemiol. 2021, 42, 364–365. [CrossRef]

4. Zheng, L.; Wang, X.; Zhou, C.; Liu, Q.; Li, S.; Sun, Q.; Wang, M.; Zhou, Q.; Wang, W. Analysis of the Infection Status of Healthcare
Workers in Wuhan During the COVID-19 Outbreak: A Cross-sectional Study. Clin. Infect. Dis. 2020, 71, 2109–2113. [CrossRef]

5. Gómez-Ochoa, S.A.; Franco, O.H.; Rojas, L.Z.; Raguindin, P.F.; Roa-Díaz, Z.M.; Wyssmann, B.M.; Guevara, S.L.R.; Echeverría,
L.E.; Glisic, M.; Muka, T. COVID-19 in Health-Care Workers: A Living Systematic Review and Meta-Analysis of Prevalence, Risk
Factors, Clinical Characteristics, and Outcomes. Am. J. Epidemiol. 2021, 190, 161–175. [CrossRef]

6. Escribano, P.; Álvarez-Uría, A.; Alonso, R.; Catalán, P.; Alcalá, L.; Muñoz, P.; Guinea, J. Detection of SARS-CoV-2 antibodies is
insufficient for the diagnosis of active or cured COVID-19. Sci. Rep. 2020, 10, 1–7. [CrossRef] [PubMed]

7. Batra, R.; Olivieri, L.G.; Rubin, D.; Vallari, A.; Pearce, S.; Olivo, A.; Prostko, J.; Nebbia, G.; Douthwaite, S.; Rodgers, M.; et al. A
comparative evaluation between the Abbott Panbio™ COVID-19 IgG/IgM rapid test device and Abbott Architect™ SARS CoV-2
IgG assay. J. Clin. Virol. 2020, 132, 104645. [CrossRef] [PubMed]

8. Haguet, H.; Douxfils, J.; Eucher, C.; Elsen, M.; Cadrobbi, J.; Tré-Hardy, M.; Dogné, J.; Favresse, J. Clinical performance of the
Panbio assay for the detection of SARS-CoV-2 IgM and IgG in COVID-19 patients. J. Med. Virol. 2021, 93, 3277–3281. [CrossRef]
[PubMed]

9. Lau, C.; Hoo, S.; Liang, Y.; Phua, S.; Aw, T. Performance of two rapid point of care SARS-COV-2 antibody assays against
laboratory-based automated chemiluminescent immunoassays for SARS-COV-2 IG-G, IG-M and total antibodies. Pract. Lab. Med.
2021, 24, e00201. [CrossRef]

10. Moshe, M.; Daunt, A.; Flower, B.; Simmons, B.; Brown, J.C.; Frise, R.; Penn, R.; Kugathasan, R.; Petersen, C.; Stockmann, H.; et al.
SARS-CoV-2 lateral flow assays for possible use in national covid-19 seroprevalence surveys (React 2): Diagnostic accuracy study.
BMJ 2021, 372. [CrossRef]

11. Koblischke, M.; Traugott, M.T.; Medits, I.; Spitzer, F.S.; Zoufaly, A.; Weseslindtner, L.; Simonitsch, C.; Seitz, T.; Hoepler, W.;
Puchhammer-Stöckl, E.; et al. Dynamics of CD4 T Cell and Antibody Responses in COVID-19 Patients with Different Disease
Severity. Front. Med. 2020, 7, 592629. [CrossRef] [PubMed]

12. Traugott, M.T.; Hoepler, W.; Seitz, T.; Baumgartner, S.; Karolyi, M.; Pawelka, E.; Friese, E.; Neuhold, S.; Kelani, H.; Thalhammer, F.;
et al. Diagnosis of COVID-19 using multiple antibody assays in two cases with negative PCR results from nasopharyngeal swabs.
Infection 2021, 49, 171–175. [CrossRef] [PubMed]

13. Kreidl, P.; Schmid, D.; Maritschnik, S.; Richter, L.; Borena, W.; Genger, J.-W.; Popa, A.; Penz, T.; Bock, C.; Bergthaler, A.; et al.
Emergence of coronavirus disease 2019 (COVID-19) in Austria. Wien. Klin. Wochenschr. 2020, 132, 645–652. [CrossRef]

14. Lippi, G.; Simundic, A.-M.; Plebani, M. Potential preanalytical and analytical vulnerabilities in the laboratory diagnosis of
coronavirus disease 2019 (COVID-19). Clin. Chem. Lab. Med. 2020, 58, 1070–1076. [CrossRef] [PubMed]

15. Wu, S.L.; Mertens, A.N.; Crider, Y.S.; Nguyen, A.; Pokpongkiat, N.N.; Djajadi, S.; Seth, A.; Hsiang, M.S.; Colford, J.M.; Reingold,
A.; et al. Substantial underestimation of SARS-CoV-2 infection in the United States. Nat. Commun. 2020, 11, 1–10. [CrossRef]

16. Medical University of Vienna. Coronavirus SARS-Cov-2 Seroprävalenzstudie Bei 1655 Erwerbstätigen Erwachsenen in Einem
Österreichischen Unternehmen: Immunitätslage von Berufstätigen Mit Verschiedenen Demographischen Faktoren und Ar-
beitsverhältnissen. Available online: https://www.meduniwien.ac.at/hp/fileadmin/tropenmedizin/Dokumente_Barbara/
News/2020_07_05_Endbericht_Seropr%C3%A4valenz_MedUniWien.pdf (accessed on 8 January 2021).

17. Nishiura, H.; Kobayashi, T.; Miyama, T.; Suzuki, A.; Jung, S.-M.; Hayashi, K.; Kinoshita, R.; Yang, Y.; Yuan, B.; Akhmetzhanov,
A.R.; et al. Estimation of the asymptomatic ratio of novel coronavirus infections (COVID-19). Int. J. Infect. Dis. 2020, 94, 154–155.
[CrossRef] [PubMed]

18. Stokes, E.K.; Zambrano, L.D.; Anderson, K.N.; Marder, E.P.; Raz, K.M.; Felix, S.E.B.; Tie, Y.; Fullerton, K.E. Coronavirus
Disease2019 Case Surveillance—United States, 22 January–30 May 2020. Morb. Mortal. Wkly. Rep. 2020, 69, 759–765. [CrossRef]

19. Fennelly, K.P. Particle sizes of infectious aerosols: Implications for infection control. Lancet Respir. Med. 2020, 8, 914–924.
[CrossRef]

20. Nguyen, L.H.; Drew, A.D.; Graham, M.S.; Joshi, A.D.; Guo, C.-G.; Ma, W.; Mehta, R.S.; Warner, E.T.; Sikavi, D.R.; Lo, C.-H.; et al.
Risk of COVID-19 among front-line health-care workers and the general community: A prospective cohort study. Lancet Public
Health 2020, 5, e475–e483. [CrossRef]

21. Ran, L.; Chen, X.; Wang, Y.; Wu, W.; Zhang, L.; Tan, X. Risk Factors of Healthcare Workers with Coronavirus Disease 2019: A
Retrospective Cohort Study in a Designated Hospital of Wuhan in China. Clin. Infect. Dis. 2020, 71, 2218–2221. [CrossRef]

22. Wilson, N.M.; Norton, A.; Young, F.P.; Collins, D.W. Airborne transmission of severe acute respiratory syndrome coronavirus-2 to
healthcare workers: A narrative review. Anaesthesia 2020, 75, 1086–1095. [CrossRef]

http://doi.org/10.1056/NEJMc2009166
http://doi.org/10.1093/ehjqcco/qcaa046
http://doi.org/10.1017/ice.2020.241
http://doi.org/10.1093/cid/ciaa588
http://doi.org/10.1093/aje/kwaa191
http://doi.org/10.1038/s41598-020-76914-5
http://www.ncbi.nlm.nih.gov/pubmed/33199713
http://doi.org/10.1016/j.jcv.2020.104645
http://www.ncbi.nlm.nih.gov/pubmed/32961429
http://doi.org/10.1002/jmv.26884
http://www.ncbi.nlm.nih.gov/pubmed/33599299
http://doi.org/10.1016/j.plabm.2021.e00201
http://doi.org/10.1136/bmj.n423
http://doi.org/10.3389/fmed.2020.592629
http://www.ncbi.nlm.nih.gov/pubmed/33262993
http://doi.org/10.1007/s15010-020-01497-2
http://www.ncbi.nlm.nih.gov/pubmed/32785885
http://doi.org/10.1007/s00508-020-01723-9
http://doi.org/10.1515/cclm-2020-0285
http://www.ncbi.nlm.nih.gov/pubmed/32172228
http://doi.org/10.1038/s41467-020-18272-4
https://www.meduniwien.ac.at/hp/fileadmin/tropenmedizin/Dokumente_Barbara/News/2020_07_05_Endbericht_Seropr%C3%A4valenz_MedUniWien.pdf
https://www.meduniwien.ac.at/hp/fileadmin/tropenmedizin/Dokumente_Barbara/News/2020_07_05_Endbericht_Seropr%C3%A4valenz_MedUniWien.pdf
http://doi.org/10.1016/j.ijid.2020.03.020
http://www.ncbi.nlm.nih.gov/pubmed/32179137
http://doi.org/10.15585/mmwr.mm6924e2
http://doi.org/10.1016/S2213-2600(20)30323-4
http://doi.org/10.1016/S2468-2667(20)30164-X
http://doi.org/10.1093/cid/ciaa287
http://doi.org/10.1111/anae.15093


J. Clin. Med. 2021, 10, 1909 10 of 10

23. Ye, G.; Lin, H.; Chen, S.; Wang, S.; Zeng, Z.; Wang, W.; Zhang, S.; Rebmann, T.; Li, Y.; Pan, Z.; et al. Environmental contamination
of SARS-CoV-2 in healthcare premises. J. Infect. 2020, 81, e1–e5. [CrossRef] [PubMed]

24. Guo, Z.-D.; Wang, Z.-Y.; Zhang, S.-F.; Li, X.; Li, L.; Li, C.; Cui, Y.; Fu, R.-B.; Dong, Y.-Z.; Chi, X.-Y.; et al. Aerosol and Surface
Distribution of Severe Acute Respiratory Syndrome Coronavirus 2 in Hospital Wards, Wuhan, China, 2020. Emerg. Infect. Dis.
2020, 26, 1583–1591. [CrossRef]

25. Grant, J.J.; Wilmore, S.M.; McCann, N.S.; Donnelly, O.; Lai, R.W.; Kinsella, M.J.; Rochford, H.L.; Patel, T.; Kelsey, M.C.; Andrews,
J.A. Seroprevalence of SARS-CoV-2 antibodies in healthcare workers at a London NHS Trust. Infect. Control Hosp. Epidemiol. 2021,
42, 212–214. [CrossRef]

26. Rudberg, A.-S.; Havervall, S.; Månberg, A.; Falk, A.J.; Aguilera, K.; Ng, H.; Gabrielsson, L.; Salomonsson, A.-C.; Hanke, L.;
Murrell, B.; et al. SARS-CoV-2 exposure, symptoms and seroprevalence in healthcare workers in Sweden. Nat. Commun. 2020, 11,
1–8. [CrossRef]

27. Xu, X.; Sun, J.; Nie, S.; Li, H.; Kong, Y.; Liang, M.; Hou, J.; Huang, X.; Li, D.; Ma, T.; et al. Seroprevalence of immunoglobulin M
and G antibodies against SARS-CoV-2 in China. Nat. Med. 2020, 26, 1193–1195. [CrossRef]

28. Brehm, T.T.; Schwinge, D.; Lampalzer, S.; Schlicker, V.; Küchen, J.; Thompson, M.; Ullrich, F.; Huber, S.; Schmiedel, S.; Addo,
M.M.; et al. Seroprevalence of SARS-CoV-2 antibodies among hospital workers in a German tertiary care center: A sequential
follow-up study. Int. J. Hyg. Environ. Health 2021, 232, 113671. [CrossRef]

29. Korth, J.; Wilde, B.; Dolff, S.; Anastasiou, O.E.; Krawczyk, A.; Jahn, M.; Cordes, S.; Ross, B.; Esser, S.; Lindemann, M.; et al.
SARS-CoV-2-specific antibody detection in healthcare workers in Germany with direct contact to COVID-19 patients. J. Clin.
Virol. 2020, 128, 104437. [CrossRef]

30. Moscola, J.; Sembajwe, G.; Jarrett, M.; Farber, B.; Chang, T.; McGinn, T.; Davidson, K.W. Prevalence of SARS-CoV-2 Antibodies in
Health Care Personnel in the New York City Area. JAMA 2020, 324, 893–895. [CrossRef]

31. Rosenberg, E.S.; Tesoriero, J.M.; Rosenthal, E.M.; Chung, R.; Barranco, M.A.; Styer, L.M.; Parker, M.M.; Leung, S.-Y.J.; Morne, J.E.;
Greene, D.; et al. Cumulative incidence and diagnosis of SARS-CoV-2 infection in New York. Ann. Epidemiol. 2020, 48, 23–29.e4.
[CrossRef]

32. Rashid-Abdi, M.; Krifors, A.; Sälléber, A.; Eriksson, J.; Månsson, E. Low rate of COVID-19 seroconversion in health-care
workers at a Department of Infectious Diseases in Sweden during the later phase of the first wave; a prospective longitudinal
seroepidemiological study. Infect. Dis. 2021, 53, 169–175. [CrossRef]

33. Augustine, R.; Das, S.; Hasan, A.; Abdul Salam, S.; Augustine, P.; Dalvi, Y.B.; Varghese, R.; Primavera, R.; Yassine, H.M.;
Thakor, A.S.; et al. Rapid Antibody-Based COVID-19 Mass Surveillance: Relevance, Challenges, and Prospects in a Pandemic
andPost-Pandemic World. J. Clin. Med. 2020, 9, 3372. [CrossRef]

34. Stubblefield, W.B.; Talbot, H.K.; Feldstein, L.R.; Tenforde, M.W.; Rasheed, M.A.U.; Mills, L.; Lester, S.N.; Freeman, B.; Thornburg,
N.J.; Jones, I.D.; et al. Seroprevalence of SARS-CoV-2 Among Frontline Healthcare Personnel During the First Month of Caring
for Patients With COVID-19—Nashville, Tennessee. Clin. Infect. Dis. 2020. [CrossRef]

35. Weidner, L.; Gänsdorfer, S.; Unterweger, S.; Weseslindtner, L.; Drexler, C.; Farcet, M.; Witt, V.; Schistal, E.; Schlenke, P.; Kreil, T.R.;
et al. Quantification of SARS-CoV-2 antibodies with eight commercially available immunoassays. J. Clin. Virol. 2020, 129, 104540.
[CrossRef]

36. Tenny, S.; Hoffman, M.R. Prevalence; StatPearls: Treasure Island, FL, USA, 2021.
37. Ainsworth, M.; Andersson, M.; Auckland, K.; Baillie, J.K.; Barnes, E.; Beer, S.; Beveridge, A.; Bibi, S.; Blackwell, L.; Borak, M.; et al.

Performance characteristics of five immunoassays for SARS-CoV-2: A head-to-head benchmark comparison. Lancet Infect. Dis.
2020, 20, 1390–1400. [CrossRef]

38. Oved, K.; Olmer, L.; Shemer-Avni, Y.; Wolf, T.; Supino-Rosin, L.; Prajgrod, G.; Shenhar, Y.; Payorsky, I.; Cohen, Y.; Kohn, Y.; et al.
Multi-center nationwide comparison of seven serology assays reveals a SARS-CoV-2 non-responding seronegative subpopulation.
EClinicalMedicine 2020, 29-30, 100651. [CrossRef] [PubMed]

39. Iyer, A.S.; Jones, F.K.; Nodoushani, A.; Kelly, M.; Becker, M.; Slater, D.; Mills, R.; Teng, E.; Kamruzzaman, M.; Garcia-Beltran,
W.F.; et al. Persistence and decay of human antibody responses to the receptor binding domain of SARS-CoV-2 spike protein in
COVID-19 patients. Sci. Immunol. 2020, 5, eabe0367. [CrossRef]

40. Hanson, E.K.; Caliendo, A.M.; Arias, A.C.; Englund, A.J.; Hayden, M.K.; Lee, M.J.; Loeb, M.; Patel, R.; Altayar, O.; El Alayli, A.;
et al. Infectious Diseases Society of America Guidelines on the Diagnosis of COVID-19:Serologic Testing. Clin. Infect. Dis. 2020.
[CrossRef]

41. Ko, J.-H.; Joo, E.-J.; Park, S.-J.; Baek, J.Y.; Kim, W.D.; Jee, J.; Kim, C.J.; Jeong, C.; Kim, Y.-J.; Shon, H.J.; et al. Neutralizing Antibody
Production in Asymptomatic and Mild COVID-19 Patients, in Comparison with Pneumonic COVID-19 Patients. J. Clin. Med.
2020, 9, 2268. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jinf.2020.04.034
http://www.ncbi.nlm.nih.gov/pubmed/32360881
http://doi.org/10.3201/eid2607.200885
http://doi.org/10.1017/ice.2020.402
http://doi.org/10.1038/s41467-020-18848-0
http://doi.org/10.1038/s41591-020-0949-6
http://doi.org/10.1016/j.ijheh.2020.113671
http://doi.org/10.1016/j.jcv.2020.104437
http://doi.org/10.1001/jama.2020.14765
http://doi.org/10.1016/j.annepidem.2020.06.004
http://doi.org/10.1080/23744235.2020.1849787
http://doi.org/10.3390/jcm9103372
http://doi.org/10.1093/cid/ciaa936
http://doi.org/10.1016/j.jcv.2020.104540
http://doi.org/10.1016/S1473-3099(20)30634-4
http://doi.org/10.1016/j.eclinm.2020.100651
http://www.ncbi.nlm.nih.gov/pubmed/33235985
http://doi.org/10.1126/sciimmunol.abe0367
http://doi.org/10.1093/cid/ciaa1343
http://doi.org/10.3390/jcm9072268
http://www.ncbi.nlm.nih.gov/pubmed/32708872

	Introduction 
	Materials and Methods 
	Participants 
	Study Design 
	Outcomes 
	Screening and Confirmatory Testing 
	Statistics 

	Results 
	Screening Test (ST) 
	Confirmatory Testing (Neutralization Test, NT) 
	Healthcare Workers 
	Symptoms 
	PCR 
	Performance of the Screening Test 
	Serologic Immunoassays 

	Discussion 
	Conclusions 
	References

