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A B S T R A C T

Objectives: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes the pulmonary disease
coronavirus disease 2019 (COVID-19, which has challenged health care facilities worldwide. The
sustainability of health care systems is largely reliant on the health status of their health care workers
(HCW).
This study aimed to detect the SARS-CoV-2 virus and specific antibodies among HCWs in a German
hospital as a model system for the potential spread of the pandemic.
Methods: Between March and June 2020, we used a combination of RT-PCR testing to detect SARS-CoV-2
RNA and an enzyme-linked immunosorbent assay to detect the presence of anti-SARS-CoV-2
immunoglobulin G (IgG) antibodies among HCWs in a German hospital based on repetitive
oropharyngeal swabs (OPSs) and blood samples.
Results: In total, 871/1081 employees participated in this prospective longitudinal study. During the study
period of 9 weeks, 5329 OPSs and 2136 blood samples were analyzed. SARS-CoV-2 RNA was detected in
three participants (0.34%). Anti-SARS-CoV-2 IgG antibodies were detected in 38 (4.36%) participants.
Conclusion: Our study determined a low prevalence of COVID-19 in HCW, which may reflect the
effectiveness of hygiene protocols. However, it could also indicate a low prevalence of SARS CoV-2 in
hospital employees. Our study protocol may serve as an instructive example for future pandemic
containment protocols in hospitals.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
causes the pulmonary disorder coronavirus disease 2019 (COVID-
19), which has spread throughout China and the rest of the world
since late 2019. SARS-CoV-2 has caused thousands of deaths
around the world, and the numbers continue to increase. Most
recent reports suggest that the number of cases increased by up to

291,825 per day to a total of more than 25 million cases by the end
of August 2020 (World Health Organization, 2020). This pandemic
has created challenges for global health care systems and forced
rapid increases in total hospital capacities, where intensive care
units (ICUs) and ventilation capacities have been under particular
pressure (Phua et al., 2020). This situation has also demonstrated
the importance of health care workers (HCWs) for handling the
increased number of patients (The Lancet, 2020).

The transmission of SARS-CoV-2 is mainly considered to occur
via person-to-person contact by droplet infection (Hoehl et al.,
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2020). As a consequence, HCWs belong to a high risk group
because they have many close person-to-person contacts, includ-
ing contacts with COVID-19 patients. In addition, many SARS-CoV-
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-positive individuals have no or very few symptoms, particularly
n previously healthy individuals (Epstude and Harsch, 2020;
izumoto et al., 2020a; Rothe et al., 2020; The Lancet, 2020; U.S.
ood and Drug Administration, 2020). These individuals are
uspected to contribute to the rapidly increasing case numbers
Li et al., 2020a; Mizumoto et al., 2020b). Strict hygiene protocols
re enforced in most hospitals to prevent so-called “patient-to-
taff transmission” (Korth et al., 2020). In addition, rapid societal
rotective measures such as social distancing, the wearing of face
asks, and lockdown were rapidly established within Germany
nd kept in place until March 22, 2020, before they were
ubsequently slowly relaxed due to a decreased infection rate.
owever, there was some interregional variability in terms of the
pecific societal protective measures implemented, where the
estrictions and protection plans differed among regions and even
ospitals.
This high-risk work environment has led to a feeling of

ulnerability for many HCWs (Canova et al., 2020). The perception
hat hospitals are high risk areas has also resulted in delays in
atients seeking treatment in emergency situations (such as heart
ttack and stroke) (Bersano et al., 2020; De Rosa et al., 2020). Due to
hese perceptions, an unknown number of deaths may have
esulted from the fear of SARS-CoV-2 infection.

Moreover, according to previous international studies, insuffi-
ient clinical data are available about the dissemination of SARS-
oV-2 in the normal population compared with HCWs. The
xisting data only highlight the prevalence of SARS-CoV-2 in small
r medium size groups of people (Wölfel et al., 2020). More
epresentative longitudinal studies are needed to address this
roblem and the first results of longitudinal studies were
ublished recently (Behrens et al., 2020b, 2020a).
Thus, we initiated a prospective trial to evaluate the longitudi-

al spread of SARS-CoV-2 in a secondary care medium-sized
ospital during different stages of restrictions. Doctors and nurses
ere overrepresented in this trial but it included all employees,
uch as cleaning staff, and housekeeping and administration staff.
n addition, all inhabitants of an affiliated convent were included in
he study because of their close patient interactions, such as
astoral care. Our trial also covered a wide socioeconomic range
nd a good cross-section in terms of gender, age, and risk groups.
he study population was considered to be representative of high
isk individuals working in the health care system.

A short-term evaluation of the prospective data provided an
verview of the evidence regarding the effectiveness of local
ygiene protocols.

. Materials and methods

.1. Study design

All hospital employees and nuns aged between 18 and 90 years
t the study center were given the opportunity to participate in this
ongitudinal monocentric trial. No pretesting was performed and
he only exclusion criteria were individuals feeling too unwell to
articipate at the outset of the study or lacking the capacity to
nderstand informed consent.
The study center is a secondary care hospital located in the

rovince of Schleswig-Holstein close to the border of the city of
amburg in Germany. The hospital care for patients from three
ifferent regions: Schleswig-Holstein, Hamburg, and Lower Saxo-

study period, 18 confirmed COVID-19 patients were treated in the
isolation wards.

A hospital-wide local hygiene standard was established at the
beginning of the pandemic situation prior to treating the first
COVID-19 patient (Table 1).

From March 25, 2020, all staff members involved with direct
patient care (PC) were required to adhere to basic hygiene
standards (such as wearing hospital clothing and surgical masks)
for the duration of their shift. All non-medical staff members or
staff members with no direct patient care (NPC) responsibilities,
such as administrative, pastoral care, logistics, or facility
management staff, were instructed to only wear a face mask.
In addition, all employees who worked with suspected or
confirmed COVID-19 patients were required to wear personal
protective equipment (PPE), including filtering face piece masks
type 2 or 3 (FFP-2/FFP-3).

All study participants provided written and informed consent
prior to enrolment.

2.2. Study activities

All participants completed an initial questionnaire containing
items regarding demographics, general health and medication,
working area, and risk of potential SARS-CoV-2 exposure.

All study participants were asked for a weekly oropharyngeal
swab (OPS) according to the recommendations of the Centers of
Disease Control and Prevention (CDC)(Centers of Disease Control
and Prevention, 2020b) . In addition, the participants could choose
to provide either a weekly or monthly blood specimen as part of
the requirements for their participation. However, participants
were not excluded if they were unable to provide the requested
regular specimens. The sampling period began on April 14, 2020.

Medical employees were requested to provide their own OPS,
and blood specimens were collected by other trained medical
colleagues. OPS and blood specimens were collected from all non-
medical employees by study staff wearing PPE (Corman et al.,
2020).

Study participants who tested positive for SARS-CoV-2 RNA by
PCR were informed immediately about their positive PCR result by
the hospital's occupational health provider, and a list of contact
patients and contact personal was generated. Participants who
tested positive for anti-SARS-CoV-2 immunoglobulin G (IgG)
antibodies were also informed by the occupational health provider.

Table 1
Hygiene protocol for COVID-19 at the study center.

Hygiene protocol at the study center for COVID-19
All patients with suspected COVID-19 infection or compatible symptoms
admitted directly to designated isolation wards.

All employees with direct patient care must wear surgical face masks and
hospital issued clothing during the whole shift.

All employees with no direct patient care must wear face masks during the
whole shift.

Hand hygiene must be performed according to the guidelines provided by the
Robert Koch Institute and the World Health Organization

Access to the hospital is strictly regulated.
No training courses are held in the hospital. Tumor boards or other meetings are
held with a limited number of members.

Access to the ICU is only allowed for registered staff members.
y. Hamburg was one of the hotspot regions during the SARS-CoV-
 pandemic in Germany. The hospital has 370 inpatient beds.
uring the study period, two wards were dedicated solely as SARS-
oV-2 isolation wards, with a total capacity of 50 patients. The
ospital has a usual critical care capacity of 20 patients who can be
reated in the ICU (including mechanical ventilation). During the
13
2.3. PCR and serological SARS-CoV-2-analysis

In the initial phase of the study period, antibody testing was
performed for anti-SARS-CoV-2 IgG using a recomWell SARS-CoV-
2 IgG immunoassay test (Mikrogen Diagnostik, Germany) accord-
ing to the manufacturer's instructions for blood serum samples.
7
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This enzyme-linked immunosorbent assay (ELISA) targets the
SARS-CoV-2 nucleocapsid.

OPS samples were transported at room temperature within
24 h after providing the sample. Initial testing was performed
using the cobas SARS-CoV-2 test (Roche Diagnostics) for
screening and control. However, due to capacity limitations in
the initial phase, ampliCube Coronavirus Panel (Mikrogen
Diagnostics, Germany) for screening and RealStar SARS-CoV-2
RT-PCR Kit (Altona Diagnostics) as a control were used as
alternative test kits.

In the second week of the study period, a change in the
laboratory was necessary due to the local capacity. In the second
laboratory, OPS samples were tested using the same PCR test kits.

Antibody testing was performed using an anti-SARS-CoV-2
ELISA (IgG) test kit from Euroimmun (Lübeck, Germany), which
detects the S1 domain of the SARS-CoV-2 spike protein.

The follow-up after the study period employed the Architect
anti-SARS-CoV-2-IgG antibody assay from Abbott (Illinois, USA),
targeting the viral nucleocapsid.

2.4. Statistical analysis

The analyses were mainly descriptive because this was a
prospective observational study.

All variables were calculated as means or medians with
standard deviations. Categorical variables were expressed as
numbers with percentages. The chi-square test was used to assess
the relationships between categorical variables, and the t-test was
used to assess the significance of differences between two sets of
data. p < 0.05 was considered to indicate a statistically significant
difference. The relationships between antibody status and selected
covariables were analyzed by logistic regression. Odds ratios and
95% confidence Intervals were calculated.

Statistical analyses were performed using IBM SPSS Statistics
Version 25 (IBM Co., Armonk, NY, USA).

2.5. Ethical approval

The study was approved by the Ethics Committee 038/20 I of
the medical association Schleswig-Holstein, Germany and it was
registered on the German Clinical Trial Register (DRKS00021270).
The study was conducted in accordance with the Declaration of
Helsinki.

3. Results

In total, 871/1081 (80.57%) employees at the study center were
recruited for this study. No participants met the exclusion criteria.
All samples were provided voluntarily. The study period was 9
weeks and it began on April 14, 2020.

Among the participants, 654 (75.09%) were women and 217
(24.91%) were men. The mean age was 40.0 (� 14.2) years. The
largest professional groups represented in the study were nurses
(n = 299), doctors (n = 149), and students or trainees (n = 71).
Table 2 provides an overview of the characteristics of the
participants according to the two subgroups comprising PC or NPC.

3.1. Detection of SARS-CoV-2-RNA by PCR

Throughout the duration of the study period, 5329 OPS samples
were collected and analyzed. SARS-CoV-2 RNA was detected by
PCR in three participants (0.34%) during the course of the study
period, i.e., one physician (PC), one nurse (PC), and one nun
working in pastoral care (NPC). Two of the study participants with
positive OPS samples reported mild symptoms such as coughing or
sneezing, and one reported being completely asymptomatic at the
time of diagnosis but this participant developed delayed symp-
toms after diagnosis. No participants had suspected SARS-CoV-2.
One of the three participants was hospitalized due to respiratory
symptoms. None of the three individuals required intensive care.
The transmission path could not be evaluated in any case. All
detected infections were followed by an intensive screening
program for possible contact patients or staff in order to prevent an
outbreak in the hospital and its departments. Following contact
screening, none of the patients or staff members were subse-
quently tested positive for SARS-CoV-2.

Figure 1 shows the timeline of the study period, including the
local restrictions and positive PCR test results.

3.2. Anti-SARS-CoV-2 IgG antibodies

In total, 2136 blood specimens were collected and analyzed.
Following both tests, SARS-CoV-2 IgG antibodies were detected

in 23/871 patients (positive results: Mikrogen n = 20, Euroimmun
n = 3), with a seroprevalence of 2.64%. One participant lost their
antibody positivity within 84 days according to the Euroimmun
assay. In addition, 15 further patients (1.61%; Mikrogen n = 8,

Table 2
Participant demographics, medical history, and SARS-CoV-2 positive swab within the study period. Children: Participants living together with children < 16 years. Other: All
other diseases.

Patient care (n = 611) No patient care (n = 260) p-value

Sex
Male (%) 152 (24.92) 65 (24.90)
Female (%) 458 (75.08) 196 (75.10)
Age (years) 38.22 48.48 <0.0001
18–35 (%) 300 (49.10) 52 (20.00)
35–50 (%) 170 (27.82) 78 (30.00)
>50 (%) 141 (23.08) 130 (50.00)
Body mass unit 25.28 26.76 0.001
Size of household 2.63 4.18 <0.0001
Children (%) 204 (33.39) 76 (29.23) 0.229
Current smoker (%) 159 (26.02) 68 (26.15) 0.968
Medical history

Cardiac (%) 70 (11.46) 51 (19.62) 0.001
Pulmonary (%) 62 (10.15) 24 (9.23) 0.678
Metabolic (%) 73 (11.95) 36 (13.85) 0.438
Immunology (%) 15 (2.45) 19 (7.31) 0.001
Other (%) 113 (18.49) 46 (17.69) 0.779
SARS-CoV-2 positive (%) 2 (0.33) 1 (0.38) 0.895
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uroimmun n = 7) were identified with equivocal seropositive IgG
ntibody ratios.
Among the equivocal results determined by the Mikrogen assay,

/8 contained no anti-SARS-CoV-2 antibodies in the follow-up
amples (time after initial equivocal result: 23 to 77 days) and one
ndividual did not submit a follow-up sample.

The three seropositive individuals according to the Euroimmun
ssay submitted a follow-up sample that confirmed the initial
ositive results (Table 3). In further statistical analyses, the
quivocal positive results were treated as positive results.

Logistic regression analysis (Table 4) detected significant
relationships between antibody status with age and body mass
index, but not with sex and employment group. The likelihood of a
positive antibody test increased with increasing age (odds ratio for
a 10 year difference = 1.5) but decreased with increasing body mass
index (odds ratio for an increase of 5 = 0.72).

An additional follow-up was performed to evaluate the
antibody assays, which detected no positivity following the Abbott
and Euroimmun assays in all individuals with a positive or
equivocal initial Mikrogen assay who provided a follow-up blood

Figure 1. Timeline of the study period including positive PCR tests for SARS-CoV-2.

able 3
dividuals with positive or equivocal SARS-CoV-2 antibody test results during the trial. NA: not available

Individual SCO Mikrogen Euroimmun IgG ratio Days to first follow-up
by Euroimmun assay

Euroimmun IgG-ratio Days to second follow-up
by Euroimmun assay

Individuals tested POSITIVE by the Mikrogen assay with NEGATIVE follow-up by Euroimmun assay
1 40.9 0.2 41 0.2 57
2 47.6 0.1 29 NA NA
3 67.1 0.2 8 0.1 40
4 44.5 0.2 7 0.2 39
5 31.0 0.1 33 0.2 84
6 36.0 0.3 55 0.2 84
7 26.8 0.4 84 NA NA
8 30.5 0.2 57 NA NA
9 30.4 0.2 84 NA NA
10 25.2 0.2 84 NA NA
11 36.8 0.1 27 0.2 78
12 31.2 0.1 10 0.1 25
13 81.1 0.2 8 0.1 29
14 24.7 0.2 79 NA NA
15 26.5 0.2 33 0.1 56
16 31.3 0.1 30 0.2 78
17 26.7 NA NA NA NA
18 44.8 NA NA NA NA
19 24.2 0.2 8 0.2 28
20 24.2 0.2 84 NA NA
Individuals tested POSITIVE by the Euroimmun assay without previous test
21 NA 3.7 NA 1.38 22
22 NA 1.3 NA 1.4 26
23 NA 2.6 NA 2.8 65
Individuals tested EQUIVOCAL by the Mikrogen assay and NEGATIVE follow-up
24 23.4 0.2 23 0.2 46
25 20.7 0.2 56 NA NA
26 20.4 0.3 41 0.3 64
27 23.3 0.3 64 0.4 68
28 20.2 0.3 77 NA NA
29 21 0.2 36 0.3 79
30 20.6 0.2 36 0.2 57
31 22.3 NA NA NA NA
Individuals tested EQUIVOCAL by the Euroimmun assay without previous test
32 NA 0.8 NA NA NA
33 NA 0.9 NA NA NA
34 NA 0.9 NA NA NA

35 NA 0.8 NA NA NA
36 NA 0.9 NA NA NA
37 NA 0.8 NA NA NA
38 NA 1.0 NA 0.6 84

 Mikrogen assay (equivocal: ratio � 20 to >24; seropositive: ratio � 24)
 Euroimmun assay (equivocal: ratio � 0.8 to < 1.1; seropositive: ratio � 1.1)
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specimen (Table 5). All individuals who tested positive following
the Euroimmun assay also tested positive using all three assays in
the follow-up.

4. Discussion

Several studies have reported a higher transmission risk of
SARS-CoV-2 in HCWs (Barrett et al., 2020; Gao et al., 2020; Li et al.,
2020b; Liu et al., 2020; Reusken et al., 2020). The aim of the present
study was to examine the longitudinal prevalence of SARS-CoV-2
detected in employees of a health care facility affected by the
COVID-19 outbreak from the beginning of the highly active
pandemic phase in a country with an overall low prevalence of
SARS-CoV-2 and a highly developed health care system. During the
study period of 9 weeks, 3/871 (0.34%) participants had a positive
OPS for SARS-CoV-2 and they were placed in quarantine. No one
who worked on an isolation ward or who treated COVID-19
patients tested positive within the period of this trial, thereby
highlighting the importance of adhering to local and national
hygiene guidelines to prevent patient-to-staff infections (Korth
et al., 2020). A higher transmission rate could lead to a higher rate
of SARS-CoV-2-positive OPS in HCWs, as shown in different parts
of the world (Keeley et al., 2020; Kluytmans et al., 2020).

However, the results obtained in the present study do not
support this conclusion. Similarly, Barrett et al. did not confirm this
conclusion based on their study in the United States (Barrett et al.,
2020).

Thus, regional differences have been reported in the spread and
resulting responses of hospitals around the world. Lessels et al.
reported data from an outbreak in a South African hospital that
demonstrated the importance of local hygiene protocols for
preventing rapid transmission to NPC employees (Lessells and
Moosa, 2020). Data from German hospitals are limited regarding
the rate of positive PCR tests for SARS-CoV-2 among employees and
these data mostly provide a snapshot (Korth et al., 2020). The low
rate of positive PCR tests supports the suggestion by Kabesch et al.
that wearing face masks in hospitals might reduce the infection
rate (Kabesch et al., 2020).

The cumulative incidence of SARS-CoV-2 infections during the
study period in the region where the hospital is located was 0.04%
(Kreis Stormarn, 2020). According to data obtained in the present
study, the cumulative incidence in the hospital was almost 10
times higher than that outside the hospital. However, it is
important to note that the employees lived in many different
regions where the community incidence of SARS-CoV-2 could also
have been variable. This factor was not measurable and it may have
influenced the results obtained in this study. Furthermore,
asymptomatic and untested individuals were not represented in
the cumulative regional incidence.

4.1. Detection of SARS-CoV-2-RNA by PCR

In this study, OPS samples were used to detect SARS-CoV-2-RNA
by PCR, as recommended by the Robert Koch Institute at the start of
the study period Robert-Koch-Institut Internet, 2020, and this is
still the recommendation of the CDC (Centers of Disease Control
and Prevention, 2020a). OPS samples were collected by trained
medical participants according to the instructions provided by the
Robert Koch Institute (Robert-Koch-Institut Internet, 2020), or by
specially trained staff members. Wehrhahn et al. showed that
taking your own swab is an acceptable alternative for obtaining
OPS (Wehrhahn et al., 2020). In the present study, it was
considered appropriate to use both forms of specimen collection
to avoid the risk of larger groups gathering.

4.2. Prevalence of anti-SARS-CoV-2 IgG antibodies

In this study, the overall seroprevalence of IgG antibodies
against SARS-CoV-2 was 4.36%.

The seroprevalence was 4.13% using the Mikrogen assay,
whereas the prevalence was 1.52% with the Euroimmun assay.
Excluding equivocal results, the overall seroprevalence in this trial
was 2.64%. A conclusive comparison was not possible because
longitudinal testing was conducted with different assays. Accord-
ing to the additional Abbott assay, there might have been a large
number of false positive results with the Mikrogen assay and the
overall seroprevalence was 1.52% after their exclusion.

Korth et al. obtained antibody-positive results for 1.6% of their
study population in another German hospital using the Euro-
immun assay (Korth et al., 2020).

Another study that tested blood donors in Germany determined
an overall seroprevalence of 0.91% using different antibody assays
(Fischer et al., 2020).

Behrens et al. recently published the first results of their
prospective longitudinal serological study from a large German
hospital, where the seroprevalence was 1.86% for SARS-CoV-2 IgG
(Euroimmun assay) with 0.93% additional equivocal test results

Table 4
Logistic regression analysis. Significant relationships were found between antibody
status with age and body mass index, but not with sex and employment group.
Patient Care 1,00: Yes, 2.00: No

Variable Odds ratio 95% confidence interval

Body mass index (increase of 5 kg/m2) 0.722 (0.56, 0.94)
Sex male vs. female 1.098 (0.50, 2.39)
Age (difference 10 years) 1.503 (1.19, 1.90)
Patient care 1.00 vs 2.00 0.847 (0.41, 1.74)

Table 5
Follow-up comparison of different anti-SARS-CoV-2-antibody assays.

Individual SCO Mikrogen Euroimmun
IgG ratio

Abbott Architect

Individuals tested initially POSITIVE by the Mikrogen assay
1 32.00 0.1 0.09
3 61.60 0.1 0.05
4 23.00 0.1 0.21
5 38.90 0.1 NA
6 39.20 0.1 0.05
7 18.80 0.1 NA
8 34.40 0.1 0.02
10 30.60 0.1 0.02
11 36.30 0.1 0.05
12 37.10 0.1 0.07
14 26.60 0.1 0.05
15 24.00 0.1 0.02
17 21.80 0.1 0.02
Individuals tested initially POSITIVE by the Euroimmun assay
21 73.90 2.8 1.6
22 52.70 1.3 4.87
23 24.10 0.9 1.59
Individuals tested initially EQUIVOCAL by the Mikrogen assay
25 21.80 0.1 0.07
26 21.00 0.1 0.02

27 14.40 0.2 0.21
28 11.70 0.1 0.02
30 19.60 0.1 0.31

Individual refers to the individuals presented in Table 3, NA: not available.
Mikrogen assay (equivocal: ratio � 20 to >24; seropositive: ratio � 24)
Euroimmun assay (equivocal: ratio � 0.8 to < 1.1; seropositive: ratio � 1.1)
Abbott assay (seronegative: ratio: <1.4; seropositive: ratio � 1.4)
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(Behrens et al., 2020a).
Table 6 provides an overview of the serological evaluations

reported for German HCWs, including ongoing studies, longitudi-
nal studies, and single time-point evaluations.

At present, the rate of seroconversion and potential related
factors remain unclear. Antibodies against SARS-CoV-2 play a key
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ole in the development of herd immunity(Kwok et al., 2020).
orth et al. concluded that HCWs with antibodies against SARS-
oV-2 could have a lower risk of COVID-19 (Korth et al., 2020).
owever, a positive antibody test currently gives no guarantee of
mmunity (Perera et al., 2020).

In this study, only two out of three SARS-CoV-2 PCR-positive
articipants provided a follow-up blood specimen. One participant
ested positive for SARS-CoV-2 IgG antibodies according to the
uroimmun assay. The other participant initially tested equivocal
ositive after infection and negative in the follow-up. This initially
quivocal positive result in an already confirmed infection led to
he inclusion of equivocal positive results in the group of positive
ested participants.

In this trial, a considerable number of the 28 participants who
ested positive or equivocal for SARS-CoV-2 IgG had a negative test
esult in the follow-up. This discrepancy was also described by
ehrens et al. who suggested that a positive serological test result
hould be confirmed using an alternative test (Behrens et al.,
020a). Various possible reasons might explain this seroconver-
ion to negative results.
In particular, the longitudinal study design may explain the loss

f antibodies over time. The data indicated different results after
omparing both assays within a time period ranging from one
eek to 84 days. The loss of antibodies over time was also shown
y Long et al. in previous PCR-positive individuals in China (Long
t al., 2020). In addition, Ibarrondo et al. recently reported an early
ecrease in the antibody titers of people with mild symptoms of
ARS-CoV-2 (Ibarrondo et al., 2020).
Another possible explanation is variability in the performance

haracteristics of the different assays used during the study period.
To evaluate the potential causes, we conducted another follow-

p after the study period.
In this reevaluation, we included the Abbott assay in addition to

he Mikrogen and Euroimmun assays (Bryan et al., 2020). This
ollow-up allowed us to interpret the higher rate of false positive
esults in the Mikrogen assay and it confirmed the suggestion by
ehrens et al. that at least two different assays should be
erformed to determine a positive antibody status (Behrens
t al., 2020a). All individuals who tested positive following the
uroimmun assay tested positive in the follow-up with all three
ssays.
Only three participants had a persistent antibody status

ccording to two different assays, thereby resulting in an
ntibody-positive rate of 0.34%.
A large number of participants were considered to have

ndergone seroconversion to a negative antibody status according
o the Euroimmun assay, which may be explained by the different
ntigens used (n-capsid by Mikrogen versus spike protein by
uroimmun). In addition, the discrepancies in the results according
o different tests may have been related to their specificity and
ensitivity. The Euroimmun assay approved by the Food and Drug
dministration has a sensitivity of 90.0% and specificity close to
00.0% according to tests in less than 100 individuals U.S. Food and
rug Administration (2020). Recent studies have shown that this

serological ELISA has a high specificity of 99–100% and a sensitivity
up to 65% (U.S. Food and Drug Administration, 2020; Lassaunière
et al., 2020; Meyer et al., 2020; Montesinos et al., 2020). By
contrast, the Mikrogen assay is not listed by the FDA, and it has a
sensitivity of 98.0% and specificity of 98.7% (Mikrogen Diagnostik,
2020). Krüttgen et al. compared both assays and found that the
specificity and sensitivity were similar in their cohort (Krüttgen
et al., 2020). The differences in the specificity may appear very low
but they would have considerable consequences if the pre-test
probability is very low. For example, the overall seroprevalence in
the general German population is approximately 1% (Fischer et al.,
2020). With a seroprevalence of 1% and specificity of 99%, the
positive predictive value would only be 50%, and thus half of the
positive results would be false positives. This amount can be
reduced by using at least two different antibody assays. Further
evaluations including additional serological assays and mid- and
long-term follow-up samples for all positive tested participants are
required to finally determine the actual antibody status of these
individuals. Unfortunately, not all employees could be tested using
both assays because of the restricted testing capacities and the
need to change the laboratory during the trial.

Logistic regression determined a positive correlation between
age and antibody status. Filho et al. found a negative correlation
between age and antibody status in Brazil and suggested that this
might have been caused by younger people gathering together in
groups(Amorim Filho et al., 2020). The positive correlation found
in our study may be explained by the fact that the nuns lived,
worked, and communed together, or it could have been due to
overestimation because of the small number of cases. This
correlation should be reevaluated in further seroprevalence
studies.

4.3. Limitations of the study

Due to the low incidence of SARS-CoV-2 infections during the
study period, evaluations were not feasible of potential risk factors
for hospitalization such as medical history, smoking, or obesity.
Further limitations of this study include the problems associated
with collecting samples and potential delays in their transporta-
tion. Medical staff were asked to take their own OPS samples and
they handed them directly to the study center, so a clear evaluation
of the sample collection time points was not possible. It was also
impossible to obtain daily reports from study participants
regarding possible COVID-19-symptoms. For all of the positive
tested participants (either by PCR or antibodies), the source of
exposure leading to the infection or to seroconversion could not be
identified. This problem was also discussed by Barrett et al. (Barrett
et al., 2020). Contact tracing was more complicated because the
present study did not consider possible contacts outside the
hospital work environment.

Due to capacity limitations, it was necessary to change the
laboratory operation during the study period, which led to
changes in the test protocols and this limited the longitudinal
comparability.

able 6
eroprevalence detected for anti-SARS-CoV-2 antibodies in German health care workers.

Period N SARS-CoV-2
antibody rate

SARS-CoV-2 infection rate Assay used Additional information
Krankenhaus Reinbek 9 weeks 871 4.36% 0.344% Mikrogen/Euroimmun Ongoing
Behrens et al., 2020a 6 weeks 217 1.86% Not performed Euroimmun Questionnaire used, ongoing trial
Schmidt et al., 2020 10 days 406 2.9% Not performed Euroimmun Questionnaire used
Korth et al., 2020 4 weeks 317 1.6% Not performed Euroimmun
Fill Malfertheiner et al., 2020 12 weeks 166 12.65% 16.27% Euroimmun/Elecsys
Epstude and Harsch, 2020 15 days 65 1.54% Not performed Euroimmun
Harsch et al., 2020 5 days 18 0% Not performed Euroimmun Single ward
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Females and young people (in the group aged 18–30 years) were
highly overrepresented in the data, especially in the PC group.
Therefore, the study population in this secondary care hospital was
probably representative of other health care centers (Brandstetter
et al., 2020). The significant differences between both groups in
terms of their previous medical history might have been
attributable to the older median age in the NPC group.

The small number of SARS-CoV-2 positive PCR results limited
the statistical analyses. However, it may have reflected the fact that
HCWs are used to hygiene protocols and routinely equipped with
adequate PPE. Alternatively, it could have indicated a lower
prevalence of SARS-CoV-2 in the area of the study.

In summary, despite the limitations of this study, we obtained
longitudinal epidemiological observations regarding the infection
rate among high risk HCWs.

5. Conclusion

This study provides the first longitudinal data regarding the
spread of SARS-CoV-2 in a hospital caring for COVID-19 patients.
The low PCR-positive incidence and seroprevalence during the
study period highlight the potential effectiveness of the local,
regional, and national protection plans, as well as reinforcing the
idea that PPE measures play important roles in preventing the
spread of SARS-CoV-2.

The results contradict the suggestion that there is a higher
transmission risk for employees in hospitals. The longitudinal
analysis conducted in this study covered different phases of
lockdown and the slow reopening.
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