£

and Public Health

International Journal of
Environmental Research

Communication

COVID-19 among Healthcare Workers: A Prospective
Serological-Epidemiological Cohort Study in a Standard Care
Hospital in Rural Germany

Stephanie Hoffmann *(, Juliane Schiebel 2, Frank Hufert 3, Heinz-Detlef Gremmels % and Jacob Spallek !

check for

updates
Citation: Hoffmann, S.; Schiebel, J.;
Hufert, E; Gremmels, H.-D.;
Spallek, J. COVID-19 among
Healthcare Workers: A Prospective
Serological-Epidemiological Cohort
Study in a Standard Care Hospital in
Rural Germany. Int. |. Environ. Res.
Public Health 2021, 18, 10999. https://
doi.org/10.3390/ijerph182010999

Academic Editor: Dietmar Knopp

Received: 16 August 2021
Accepted: 12 October 2021
Published: 19 October 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Public Health, Institute of Health, Brandenburg University of Technology
Cottbus-Senftenberg, 01968 Senftenberg, Germany; jacob.spallek@b-tu.de

Institute for Clinical Chemistry, Laboratory Diagnostics and Microbiology, Klinikum Niederlausitz GmbH,
01968 Senftenberg, Germany; juliane.schiebel@klinikum-niederlausitz.de (J.S.);
hd.gremmels@klinikum-niederlausitz.de (H.-D.G.)

Institute of Microbiology and Virology, Brandenburg Medical School Theodor Fontane,

01968 Senftenberg, Germany; hufert@icloud.com

*  Correspondence: stephanie. hoffmann@b-tu.de; Tel.: +49-(0)3573-85-716

Abstract: Healthcare workers (HCW) play a vital role in the SARS-CoV-2 pandemic control. The
aim of this study was to assess the prevalence of SARS-CoV-2 antibodies and the risk of COVID-19
infections in a cohort of HCW from four different risk groups (from intensive care unit to administra-
tion) of a hospital of a primary care level in rural Germany. The outcomes were monthly measures
of antibody seroprevalence over a period of 6 months. Overall, a seroprevalence of 13.41% was
determined, with significantly higher prevalence rates among HCW working in areas with more
frequent contact to confirmed or suspected cases (30.30%, p = 0.003). The group specific differences
in the risk of infection from COVID-19 were detected, as HCW groups with frequent exposure
seemed to have an increased risk (RR = 3.18, p = 0.02; CI95 1.09-9.24). The findings contribute to the
epidemiological understanding of the virus spread in an unvaccinated population group, which is
highly relevant for the pandemic management.
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1. Introduction

In 2020, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
causative agent of the coronavirus disease 2019 (COVID-19), spread internationally. As
of 31 December 2020, 1,719,737 people in Germany—41,241 of them in the federal state
of Brandenburg—were infected with COVID-19 [1]. While COVID-19 incidences were
stabilizing up until late August 2020, the number of newly reported cases steeply increased
after October 2020 [1].

Healthcare workers (HCWs) were at specific risk for SARS-CoV-2 because they were
caring for increasing numbers of people infected with COVID-19 [2,3]. Gaining evidence
about the spread of infection among HCWs is essential to develop targeted protection
strategies and to ensure adequate healthcare provision during pandemics. To investigate
the number of infections among HCWs, serological testing of specific antibodies against
SARS-CoV-2 was commonly used [4,5]. By means of antibody testing, seroepidemiological
studies among HCWs in Germany covered different levels of healthcare [6-9] and different
healthcare facilities (e.g., medical supply centers [6], higher care-level hospitals [8], and
university hospitals [10,11]). Additionally, studies examined the virus spread among
HCWs in healthcare facilities located in sparsely populated rural regions [8] and in urban
areas [9].

The primary aim of this serological-epidemiological study, therefore, was to estimate
the seroprevalence of antibodies against SARS-CoV-2 among HCWs, in particular at the
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primary healthcare level in a standard care hospital in a rural German region. The secondary
aim was to identify group-related differences by considering different exposure levels
defined by working area.

2. Materials and Methods
2.1. Study Design and Participants

The study was a longitudinal prospective cohort with monthly repeated investigations
of (i) blood samples, (ii) exposure history and acute symptoms, as well as (iii) the district-
related COVID-19 prevalence and the number of hospitalizations. The study covered
a period of six months from July to December 2020, which has been considered as the
beginning of the second wave of the COVID-19 pandemic in Germany [12]. The blood
samples and data were collected from HCWs in different professions at a standard care
hospital in Oberspreewald-Lausitz (OSL), a rural, sparsely populated district in the federal
state of Brandenburg in eastern Germany [13].

2.2. Laboratory Analysis

The serological testing of total Ig antibodies against SARS-CoV-2 was conducted
using a nucleocapsid (N) antigen from a SARS-CoV-2 assay manufactured by Roche
(Mannheim, Germany). This technique is based on a double-antigen sandwich principle in
which the test sample, the biotinylated SARS-CoV-2-specific recombinant antigen, and the
ruthenium-labelled SARS-CoV-2-specific recombinant antigen are incubated together. After
the addition of streptavidin-coated microparticles, the complex is bound to a solid phase
by the interaction between biotin and streptavidin and transferred to a measuring cell. The
microparticles are magnetically fixed, unbound material is removed, and after applying a
voltage, the chemiluminescence emission is measured with a photomultiplier. The result
is known as a cut-off index (COI), where a COI > 1.00 is interpreted as seroreactive, i.e.,
positive for SARS-CoV-2 antibodies (99.5% sensitivity, 99.8% specificity).

For HCWs with symptoms, active infection testing (e.g., using polymerase chain
reaction) has been integrated into the hospital’s hygiene measures. However, these data
could not be linked to the study data due to the lack of possibilities in merging the
laboratory identification numbers.

2.3. Seroprevalence and Risk Ratio of Antibody Incidence

The antibody seroprevalence at the investigation time points was calculated using the
number of seroreactive cases divided by the number of subjects in the four risk groups
tested. Additionally, a 6-month seroprevalence among all of the collected blood samples
was calculated. Chi-squared tests and Fisher’s exact tests for association were conducted
between the dichotomised risk groups (very high risk/high risk, medium risk, lower risk)
and the cut-off index (<1.00/>1.00). Based on two-by-two tables, the point estimates of
risk ratios, their confidence intervals (95%), and p-values were calculated with reference to
the lower risk group.

3. Results

In total, 166 participants (85% female) were clustered as follows: emergency room, in-
tensive care unit (very high risk)/cardiology, geriatrics, paediatrics (high risk)/laboratory,
radiology (medium risk)/administration (lower risk). The sociodemographic charac-
teristics of the study population (HCWs exclusively) are presented in Table 1. As the
systematic vaccination of HCWs in the study hospital started after the end of the data
collection (28 December 2020), the participants were neither vaccinated before nor during
the study period.
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Table 1. Sociodemographic characteristics of the study population (1 = 166).
Very High Risk (4) High Risk (3) Medium Risk (2) Lower Risk (1)
Risk Group * n % n % n % n %
33 19.88 54 32.53 35 21.08 42 25.30
Female 26 78.80 49 90.70 32 91.40 34 81.00
Age, mean, y 42.82 46.77 45.31 45.31
2029y 3 9.09 9.26 2 5.71 4.76
30-39y 12 36.36 9 16.67 11 3143 9 21.43
40-49y 10 30.30 13 24.07 5 14.29 16 38.10
50-59 y 5 15.15 20 37.04 13 37.14 14 33.33
6069y 3 9.09 9 11.11 4 11.43 1 2.38
Missing 0 0 1 1.85 0 0 0
Profession
Nursing staff 23 69.69 33 61.11 1 2.86 0 0
Physician 4 12.12 8 14.81 0 0 0 0
Therapist 2 6.06 10 18.52 1 2.86 0 0
Lab assistant 0 0 0 0 15 43.86 0 0
Radiology assistant 0 0 0 0 8 22.86 0 0
Diagnostics staff 0 0 0 0 3 8.57 0 0
Patient service staff 0 0 3 5.55 0 0 0 0
Social service staff 0 0 0 0 0 0 3 7.14
Administrative staff 0 0 0 0 2 5.71 36 85.70
Missing 4 12.12 0 0 5 14.29 3 7.14

3.1. Antibody Seroprevalence

Note: n = Sample size; * risk group information missing n = 2.

Table 2 represents the SARS-CoV-2 antibody seroprevalence among the participants

and the contextual data at the investigation time points. The cohort retention was good.
On average, the participants returned for a follow-up five to six times: very high risk group
5.1 (R = 1-6), high risk group 5.6 (R = 1-6), medium risk group 5.5 (R = 4-6), and lower
risk group 5.7 (R = 4-6). Thus, the sample sizes varied between the six investigation time
points. The seroprevalences were significantly (p < 0.05) higher among participants in the

very high risk group compared to all other risk groups.
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Table 2. SARS-CoV-2 antibody seroprevalence among participants and contextual data at investigation time points.
July August September October November December Overall
Risk Group No./n P No./n P No./n P No./n P No./n P No./n P No./n P
4 Reference 1/30 3.33 1/30 3.33 1/27 3.70 2/26 7.96 3/26 11.54 10/29 34.48 10/33 30.30
3 1/54 1.85 1/50 2.00 1/51 1.96 1/51 1.96 3/48 6.25 8/48 16.67 8/54 14.81
2 0/31 0.00 0/34 0.00 0/33 0.00 0/33 0.00 0/34 0.00 0/29 0.00 0/35 0.00
1 0/41 0.00 0/42 0.00 0/41 0.00 0/38 0.00 1/42 2.38 4/37 10.81 4/42 9.52
Total 2/158 1.27 2/156 1.28 2/152 1.31 3/148 2.03 7/151 4.63 22/143 15.39 22/164 13.41
Fisher’s exact test p=0.349 - p=0.349 - p=0.325 - p=0.080 - p=0.101 - p =0.003 - p =0.003 -
Contextual Data on Number of Confirmed Cases of COVID-19
DC/Inh. P DC/Inh. P DC/Inh. P DC/Inh. P DC/Inh. p DC/Inh. P DC/Inh. P
Cumulative
prevalence in district 58/108,396 * 0.05 69/108,396  0.06 72/108,396  0.07 148/108,396  0.14 714/108,396 0.66 2333/108,396 2.15 2333/108,396 2.15
Hospital cases 2 - 0 - 0 - 10 - 73 - 138 - 223 -

Note: DC = Number of cumulative COVID-19 cases in the district; Inh. = Inhabitants living in the study region; n = Sample size; No. = Number of participants found to be seroreactive (i.e., cut-off index > 1.00);
P = Prevalence; * As of 31 December 2020, 108,396 inhabitants lived in the study region that reflects a population decrease by # = 957 in year 2020 [14].
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A cumulative 38 of 901 collected blood samples were found to be seroreactive. HCWs
in the very high risk group showed a significantly higher 6-month seroprevalence compared

to all of the other risk groups (see Table 3).

Table 3. SARS-CoV-2 antibody 6-month seroprevalence among blood samples.

Risk Group No./n 6-Month Prevalence Chi-Squared Test
4 Reference 18/166 10.84
3 15/300 5.00 X =21.96
p =0.000
2 0/193 0.00 ©=0.16
1 5/239 2.10
Total 38/901 4.22 -

Note: n = Sample size; No. = Number of blood samples found to be seroreactive (i.e., cut-off index > 1.00).

3.2. Risk Ratio of Antibody Incidence

Seroreactive antibodies against SARS-CoV-2 were newly detected at the following
investigation time points: in July (n = 2), in October (1 = 1), in November (1 = 4), and in
December (n = 15). The risk ratio for antibody incidence was three times higher among
HCWs in risk group 4 (p < 0.05; 1.09-9.24) (see Table 4).

Table 4. Incidence of detectable antibodies among participants, self-rated exposure, and acute symptoms within the last
four weeks before detection.

Risk Ratio (RR) of New Cases  Risk Group 4n =10
3.18 (p = 0.02;

Risk Group3n =28
1.55 (p =0.44;

Risk Group2n =0 Risk Group1n =4

RR; (p value; 95.00% CI) 1.09-9.24) 0.504.81) - 1.00
Data on New Cases No./% No./% No./% No./%
Self-rated Exposure

Case contact on job 8/80.00 6/75.00 - 1/25.00
Case contact off job 1/10.00 2/25.00 - 1/25.00
Suspected contact on job 5/50.00 5/62.50 - 1/25.00
Suspected contact off job 2/20.00 0/0.000 - 0/0.000
Stay in outbreak area 2/20.00 2/25.00 - 0/0.000
Stay abroad 0/0.000 1/12.50 - 0/0.000
Attended an event 0/0.000 2/25.00 - 1/25.00
Self-rated Acute Symptoms
Asymptomatic 0/0.000 2/25.00 - 1/25.00
Fever 2/20.00 2/25.00 - 1/25.00
Coughing (expectoration) 3/30.00 3/37.50 - 1/25.00
Coughing (dry) 6/60.00 4/50.00 - 2/50.00
Sore throat 6/60.00 6/75.00 - 2/50.00
Fatigue 9/90.00 5/62.50 - 3/75.00
Rhinitis 6/60.00 4/50.00 - 2/50.00
Gastrointestinal distress 4/40.00 2/25.00 - 1/25.00
Odour/taste disorders 6/60.00 3/37.50 - 2/50.00

Note: No. = Number of participants with positive rating (multiple answers possible).
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4. Discussion

From July until December 2020, a broad range of HCWs participated in this follow-up
study, who were neither vaccinated before nor during the study period. The aims were to
explore the spread of SARS-CoV-2 among this key group in the pandemic management
and to estimate the threat of infection in different working areas in a standard care hospital
in a rural German region, which is located the federal state of Brandenburg in eastern
Germany. As of 4 October 2021, the federal state of Brandenburg reported a percentage of
59% of fully vaccinated individuals [15]. Thus, the findings of this study contribute to still
necessary infection prevention measures among HCWs. As the findings are valid for an
unvaccinated population group, they also contribute to the epidemiological understanding
of the virus spread in HCWs in a pandemic situation and are relevant for the pandemic
management in order to reduce (nosocomial) transmissions of SARS-CoV-2 and to ensure
sufficient healthcare and health protection (e.g., personal protective equipment) in the
current and further pandemics.

During the study follow-ups, the seroprevalence of antibodies increased, leading to an
overall seroprevalence of 13.41%. In this study, the seroprevalence was higher compared to
serological studies in more urban German districts with sampling at earlier time points in
2020. These studies reported seroprevalences of less than 3.0% among HCWs employed in
different healthcare facilities [6,7,11]. This finding reflected the steep increase in confirmed
COVID-19 cases in autumn 2020 in the OSL study region, characterized by the number
of laboratory confirmed COVID-19 cases (on 15 July 2020: n = 53; on 16 December 2020:
n = 2333) [16]. By this account, the number of people infected with COVID-19 cared for in
the study hospital increased (October 2020: n = 10; December 2020: n = 138) (see Table 2).
The seroprevalence of antibodies among HCWs was slightly lower in this study than the
seroprevalence of 15.1% among HCWs in a higher care-level hospital in a rural Bavarian
district with comparably more hospitalized cases in July 2020 (n = 595) [8].

HCWs who frequently reported contact with laboratory confirmed or suspected
COVID-19 cases in the course of their work showed a higher burden of infection than the
staff in other working areas, which indicates differences between occupational groups,
such as administration employees and frontline HCWs within the hospital. This finding is
supported by serosurveys of HCWs in hospitals with a large number of inpatient beds in
urban regions. Here, seroprevalences were higher among the frontline HCWs [9] or among
the staff working on wards without “known or suspected COVID-19 patients” [11] (p. 2).
In contrast, Bahrs et al., 2020, did not find any association of antibody seroprevalence and
the working area in a sample of a university hospital [10]. The contradictory data on risk
differences might be due to different reasons.

First, the comparison of the findings could be challenging due to variations in the
used material (i.e., blood samples, respiratory samples [5,17]) and their laboratory analyses
(e.g., polymerase chain reaction, antibody tests [5,18]) to determine the infection rates
among HCWs. This study used chemiluminescence-based immunoassays for analysing
the presence of SARS CoV-2 antibodies (comparable to Bahrs et al., 2020, [10]).

Second, the compliance to the implemented hygiene guidelines might contribute
to different infections rates among HCWs. Bahrs et al., 2020, argue that their findings
might be due to ample access to and use of personal protective equipment (PPE) [10].
Similarly, a literature review of seroprevalence surveys summarized international findings
and concluded that the use of appropriate PPE reduces nosocomial transmissions of
SARS-CoV-2 [4]. Korth et al., 2020, suppose the differences in individual awareness of
human to human transmission of SARS-CoV-2 contribute to the inefficiency of hygiene
standards [11]. The adherence to mandatory mouth and nose coverage or the extent of an
inappropriate use of PPE (e.g., reuse [19]), however, was not evaluated in this study.

Serological screening for antibodies reactive to a specific virus (e.g., human novel
coronavirus) have been shown to be applicable for contact investigations among HCWs in
previous infection control strategies [20]. The sensitivity and specificity of the antibody
test used in this study were high and in line with regular antibody tests [5]. A limitation
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was that the COI is not indicative of the total amount of antibodies in the sample, nor does
it evaluate the effectiveness of the antibodies [21,22]. A lower sensitivity within the first
week since the onset of symptoms did not allow for an accurate estimation of the virus
spread [3]. While the follow-up design buffered such diagnostic issues, the associations
with self-rated exposure might have been undetected.

5. Conclusions

In a standard care-level hospital located in a rural, severely affected region, the
seroprevalence of SARS-CoV-2 antibodies among HCWs corresponded with the dynamic
of infection processes within the population and with the number of inpatient treatments.
This study indicates a variation in the risk of getting infected with SARS-CoV-2 by working
area. Although these findings contribute to the epidemiological understanding of the virus
spread in this population group, further research about long-term immunity and about the
reasons for group-related differences is needed.

Author Contributions: ].S. (Jacob Spallek), S.H., H.-D.G., and J.S. (Juliane Schiebel) designed the
study. ].S. (Jacob Spallek) and H.-D.G. are the PIs of study. ].S. (Juliane Schiebel) and H.-D.G.
coordinated the recruitment and data collection in the hospital and S.H. and J.S. (Jacob Spallek)
coordinated the data management and analysis. FH. contributed to microbiological and data analysis.
All authors participated in all aspects of the data analysis. S.H. wrote the first draft of the manuscript,
which was then revised by all of the authors. All authors have read and agreed to the published
version of the manuscript.

Funding: No financial support was provided for this study.

Institutional Review Board Statement: Ethical approval for complete study was given by the ethics
committee of the Brandenburg University of Technology Cottbus-Senftenberg (EK2020-8).

Informed Consent Statement: Written, informed consent for participation in this study was obtained
from all participants.

Data Availability Statement: The datasets generated and analysed during the current study are not
publicly available.

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

Abbreviations
COVID-19  coronavirus disease 2019
Ccal cut-off index
HCW healthcare worker(s)
OSL study region Oberspreewald-Lausitz
References
1. Robert Koch Institute. Daily Situation Report of the Robert Koch Institute: 31/12/2020-Updated Status for Germany. Available

online: https:/ /www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte /Dez_2020/2020-12-31-en.
pdf?__blob=publicationFile (accessed on 27 April 2021).

Sahu, A.K.; Amrithanand, V.T.; Mathew, R.; Aggarwal, P.; Nayer, J.; Bhoi, S. COVID-19 in health care workers—A systematic
review and meta-analysis. Am. |. Emerg. Med. 2020, 38, 1727-1731. [CrossRef] [PubMed]

Galanis, P,; Vraka, I; Fragkou, D.; Bilali, A.; Kaitelidou, D. Seroprevalence of SARS-CoV-2 antibodies and associated factors in
healthcare workers: A systematic review and meta-analysis. J. Hosp. Infect. 2021, 108, 120-134. [CrossRef] [PubMed]

Lai, C.-C.; Wang, J.-H.; Hsueh, P-R. Population-based seroprevalence surveys of anti-SARS-CoV-2 antibody: An up-to-date
review. Int. ]. Infect. Dis. 2020, 101, 314-322. [CrossRef] [PubMed]

Deeks, ].J.; Dinnes, J.; Takwoingi, Y.; Davenport, C.; Spijker, R.; Taylor-Phillips, S.; Adriano, A.; Beese, S.; Dretzke, J.; Di Ferrante
Ruffano, L.; et al. Antibody tests for identification of current and past infection with SARS-CoV-2. Cochrane Database Syst. Rev.
2020, 6, CD013652. [CrossRef]

Lackermair, K.; William, F.; Grzanna, N.; Lehmann, E.; Fichtner, S.; Kucher, H.B.; Wilhelm, K.; Estner, H. Infection with
SARS-CoV-2 in primary care health care workers assessed by antibody testing. Fam. Pract. 2021, 38, 76-79. [CrossRef] [PubMed]
Hildebrandt, A.; Hokelekli, O.; Uflacker, L.; Rudolf, H.; Gatermann, S.G. COVID-19: Hotspot hospital?- seroprevalence of
SARS-CoV-2 antibodies in hospital employees in a secondary care hospital network in Germany: Intermediate results of a
prospective surveillance study. Int. J. Hyg. Environ. Health 2021, 235, 113771. [CrossRef] [PubMed]


https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Dez_2020/2020-12-31-en.pdf?__blob=publicationFile
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Dez_2020/2020-12-31-en.pdf?__blob=publicationFile
http://doi.org/10.1016/j.ajem.2020.05.113
http://www.ncbi.nlm.nih.gov/pubmed/32738467
http://doi.org/10.1016/j.jhin.2020.11.008
http://www.ncbi.nlm.nih.gov/pubmed/33212126
http://doi.org/10.1016/j.ijid.2020.10.011
http://www.ncbi.nlm.nih.gov/pubmed/33045429
http://doi.org/10.1002/14651858.CD013652
http://doi.org/10.1093/fampra/cmaa078
http://www.ncbi.nlm.nih.gov/pubmed/32766704
http://doi.org/10.1016/j.ijheh.2021.113771
http://www.ncbi.nlm.nih.gov/pubmed/34049092

Int. J. Environ. Res. Public Health 2021, 18, 10999 8of8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Finkenzeller, T.; Faltlhauser, A.; Dietl, K.-H.; Paetzel, C.; Szczypien, N.; Klawonn, F.; Bodmann, K.-F; von Meyer, A. Antibodies in
intensive care and hospital staff: From the most heavily contaminated region in Germany. Med. Klin. Intensivmed. Notfmed. 2020,
115, 139-145. [CrossRef] [PubMed]

Weinberger, T.; Steffen, J.; Osterman, A.; Mueller, T.T.; Muenchhoff, M.; Wratil, PR.; Graf, A.; Krebs, S.; Quartucci, C.; Spaeth, PM.;
et al. Prospective Longitudinal Serosurvey of Health Care Workers in the First Wave of the SARS-CoV-2 Pandemic in a Quaternary
Care Hospital in Munich, Germany. Clin. Infect. Dis. 2021. [CrossRef] [PubMed]

Bahrs, C.; Kimmig, A.; Weis, S.; Ankert, J.; Hagel, S.; Maschmann, J.; Stallmach, A.; Steiner, A.; Bauer, M.; Behringer, W.; et al.
Seroprevalence of SARS CoV-2 antibodies in healthcare workers and administration employees: A prospective surveillance study
at a 1,400-bed university hospital in Germany. medRxiv 2020. [CrossRef]

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] [PubMed]

Schuppert, A.; Polotzek, K.; Schmitt, J.; Busse, R.; Karschau, J.; Karagiannidis, C. Different spreading dynamics throughout
Germany during the second wave of the COVID-19 pandemic: A time series study based on national surveillance data. Lancet
Reg. Health Eur. 2021, 6, 100151. [CrossRef] [PubMed]

DESTATIS. Cities and Districts by Area, Population and Population Density on 31th December 2020. Available online: https://
www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis / Administrativ /04-kreise.html (accessed
on 21 September 2021).

Office for Statistics Berlin-Brandenburg. Population in Brandenburg According to Administrative Districts: 31th December 2020.
Available online: https://www.statistik-berlin-brandenburg.de /bevoelkerung/demografie /bevoelkerungsstand (accessed on
21 September 2021).

German Federal Ministry of Health. Current Vaccination Status: As of 4th October 2021. Available online: https://impfdashboard.
de/ (accessed on 4 October 2021).

Robert Koch Institute. COVID-19-Dashboard: Evaluations Based on the Reporting Data Transmitted from the Health Departments
in Accordance with German Infection Protection Act. Available online: https:/ /experience.arcgis.com/experience/478220a4c454
480e823b17327b2bf1d4/page/page_1/ (accessed on 27 April 2021).

Yang, Y.; Yang, M.; Yuan, J.; Wang, F; Wang, Z.; Li, J.; Zhang, M.; Li, X.; Wei, ].; Peng, L.; et al. Laboratory Diagnosis and
Monitoring the Viral Shedding of SARS-CoV-2 Infection. Innovation 2020, 1, 100061. [CrossRef]

Toptan, T.; Hoehl, S.; Westhaus, S.; Bojkova, D.; Berger, A.; Rotter, B.; Hoffmeier, K.; Cinatl, J.; Ciesek, S.; Widera, M. Optimized
qRT-PCR Approach for the Detection of Intra- and Extra-Cellular SARS-CoV-2 RNAs. IJMS 2020, 21, 4396. [CrossRef] [PubMed]
Nguyen, L.H.; Drew, D.A.; 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, e475-483. [CrossRef]

Buchholz, U.; Miiller, M.A.; Nitsche, A.; Sanewski, A.; Wevering, N.; Bauer-Balci, T.; Bonin, F.; Drosten, C.; Schweiger, B.; Wolff, T.;
et al. Contact investigation of a case of human novel coronavirus infection treated in a German hospital, October-November.
2012. Euro Surveill. 2013, 18, 20406. [CrossRef] [PubMed]

Marot, S.; Malet, I.; Leducq, V.; Zafilaza, K.; Sterlin, D.; Planas, D.; Gothland, A.; Jary, A.; Dorgham, K.; Bruel, T.; et al. Rapid
decline of neutralizing antibodies against SARS-CoV-2 among infected healthcare workers. Nat. Commun. 2021, 12, 844. [CrossRef]
[PubMed]

Seow, J.; Graham, C.; Merrick, B.; Acors, S.; Pickering, S.; Steel, K.J.A.; Hemmings, O.; O'Byrne, A.; Kouphou, N.; Galao, R.P; et al.
Longitudinal observation and decline of neutralizing antibody responses in the three months following SARS-CoV-2 infection in
humans. Nat. Microbiol. 2020, 5, 1598-1607. [CrossRef] [PubMed]


http://doi.org/10.1007/s00063-020-00761-5
http://www.ncbi.nlm.nih.gov/pubmed/33274410
http://doi.org/10.1093/cid/ciaa1935
http://www.ncbi.nlm.nih.gov/pubmed/33388756
http://doi.org/10.1101/2020.09.29.20203737
http://doi.org/10.1016/j.jcv.2020.104437
http://www.ncbi.nlm.nih.gov/pubmed/32434708
http://doi.org/10.1016/j.lanepe.2021.100151
http://www.ncbi.nlm.nih.gov/pubmed/34557834
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/Administrativ/04-kreise.html
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/Administrativ/04-kreise.html
https://www.statistik-berlin-brandenburg.de/bevoelkerung/demografie/bevoelkerungsstand
https://impfdashboard.de/
https://impfdashboard.de/
https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4/page/page_1/
https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4/page/page_1/
http://doi.org/10.1016/j.xinn.2020.100061
http://doi.org/10.3390/ijms21124396
http://www.ncbi.nlm.nih.gov/pubmed/32575728
http://doi.org/10.1016/S2468-2667(20)30164-X
http://doi.org/10.2807/ese.18.08.20406-en
http://www.ncbi.nlm.nih.gov/pubmed/23449231
http://doi.org/10.1038/s41467-021-21111-9
http://www.ncbi.nlm.nih.gov/pubmed/33558507
http://doi.org/10.1038/s41564-020-00813-8
http://www.ncbi.nlm.nih.gov/pubmed/33106674

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Laboratory Analysis 
	Seroprevalence and Risk Ratio of Antibody Incidence 

	Results 
	Antibody Seroprevalence 
	Risk Ratio of Antibody Incidence 

	Discussion 
	Conclusions 
	References

