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Abstract: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is associated with a po-
tentially severe clinical manifestation, coronavirus disease 2019 (COVID-19), and currently poses a
worldwide challenge. Health care workers (HCWs) are at the forefront of any health care system
and thus especially at risk for SARS-CoV-2 infection due to their potentially frequent and close
contact with patients suffering from COVID-19. Serum samples from 198 HCWs with direct patient
contact of a regional medical center and several outpatient facilities were collected during the early
phase of the pandemic (April 2020) and tested for SARS-CoV-2-specific antibodies. Commercially
available IgA- and IgG-specific ELISAs were used as screening technique, followed by an in-house
neutralization assay for confirmation. Neutralizing SARS-CoV-2-specific antibodies were detected
in seven of 198 (3.5%) tested HCWs. There was no significant difference in seroprevalence between
the regional medical center (3.4%) and the outpatient institution (5%). The overall seroprevalence
of neutralizing SARS-CoV-2-specific antibodies in HCWs in both a large regional medical center
and a small outpatient institution was low (3.5%) at the beginning of April 2020. The findings
may indicate that the timely implemented preventive measures (strict hygiene protocols, personal
protective equipment) were effective to protect from transmission of an airborne virus when only
limited information on the pathogen was available.

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

1. Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) first appeared at the
end of 2019 in Wuhan, China. The viral pathogen was rapidly identified and characterized
by virus culture as well as whole genome sequencing [1], and first data on the epidemiolog-
ical dynamics of transmission were obtained [2]. The disease was later named coronavirus
disease 2019 (COVID-19). Symptoms can range from mild flu-like symptoms [3] to severe
systemic (multiple organ dysfunction) [4] and pulmonary disease with fatal complica-
tions [5], especially in risk groups like the elderly. Initial observations from China reported
that 13.8% of all cases suffered a severe course of the disease [6], and 6.1% took a critical
course. Despite promptly imposed infection control measures, SARS-CoV-2 spread around
the world. The virus is mainly transmitted from person to person by droplet infection
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via infectious aerosols but it can also remain viable on different surfaces for hours and
even days [7]. The World Health Organization (WHO) officially announced an outbreak of
pandemic scale on 11 March 2020. Soon after, SARS-CoV-2 infections became a notifiable
disease in Germany, and the German public health authorities, led by the Robert Koch
Institute (RKI), reported a total of 174,355 confirmed cases and 7914 casualties related to
SARS-CoV-2 on 17 May 2020. The diagnostic procedure of an acute infection is based on
direct virus detection in oro- or nasopharyngeal swabs via RT-qPCR [8]. Past infections on
the other hand can be assessed using SARS-CoV-2-specific serological testing such as ELISA,
neutralization assays (NT), or immunofluorescence assays [9,10]. IgG seroconversion was
reported to be very similar to that in SARS-CoV infections and occurred 7 (50% serocon-
version rate) to 14 days (100% seroconversion rate) post symptom onset. Interestingly, as
described for SARS and Middle East respiratory syndrome (MERS), IgM seroconversion
was not significantly earlier than IgG [8]. Less data are available on SARS-CoV-2-specific
IgA antibodies, with one study reporting a median time for IgA seroconversion of 11 days
(range: 5–20) [11].

Health care workers (HCWs) are the frontline workforce of every health care system
and thus particularly at risk to acquire a SARS-CoV-2 infection while caring for COVID-19
patients. Therefore, various institutions like the WHO (World Health Organization), CDC
(Centers for Disease Control and Prevention), RKI (Robert Koch-Institut), and medical
societies issued safety recommendations for HCWs to take personal protective measures es-
pecially during high-risk procedures such as endotracheal intubation or bronchoscopy [12].
At the same time, infected HCWs also pose a risk to other patients, colleagues, and their
own families, especially when the infection is asymptomatic.

Studies from different countries and regions report very different seroprevalence rates
among health care workers. A study in Sweden, for example, found a seroprevalence of
almost 19% among HCWs at the beginning of the pandemic (April–May 2020), which was
significantly higher than the seroprevalence of the general population at that time, which
was reported at 7.3% for Stockholm [13]. Similarly, high prevalence was found in a study in
New York City, which found a seroprevalence of almost 14% among public health workers.
Interestingly, however, the seroprevalence among the general population was about the
same at the time of the study, so that no increased risk could be assumed for HCWs [14]. In
contrast, there are also studies that report rather low seroprevalence among health care
employees. In Denmark, for example, seroprevalence at the start of the pandemic (April
2020) was just under 4% among health care workers and thus only slightly higher than in
the control group [15]. A study conducted among health care employees of a multistate
hospital network in the USA found a similarly low seroprevalence of 6% (April–June 2020),
with considerable variations by locations. However, seroprevalence in HCWs generally
correlated with community cumulative incidence, and thus no significantly higher risk
of infection was found for HCWs [16]. Up to date, only little data are available on the
seroprevalence of SARS-CoV-2-specific antibodies in HCWs in Germany at the beginning
of the pandemic [17]. However, this kind of information is important for potential future
outbreaks. It can help to evaluate the usefulness of different general guidelines, instructions,
etc., established in medical facilities at the beginning of a pandemic, when only limited
information on the pathogen might be available.

The aim of this study was to (I) get insights into the intra-hospital seroepidemiology
of SARS-CoV-2 among HCW at the beginning of the pandemic (April 2020), (II) determine
whether medical personnel were at greater risk of infection at that time, and (III) whether
the risk of infection was different for personnel in a hospital compared to personnel in a
regional medical center. For this purpose, we analyzed serum samples of 198 volunteer
HCW (all involved in direct patient care) taken as part of occupational health screenings
for the presence of SARS-CoV-2-specific antibodies using a commercially available ELISA.
Additionally, we established an in-house NT to confirm ELISA findings and to determine
the neutralizing capabilities of the detected antibodies. Interestingly, the overall seropreva-
lence was low, and we detected neither significantly higher antibody levels among HCW
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compared to the general population nor any difference between hospital staff and other
medical staff in small outpatient facilities.

2. Materials and Methods
2.1. Setting

The county Ortenaukreis is part of the federal state of Baden-Wuerttemberg in South-
ern Germany. It has 429,479 inhabitants (December 2018) and directly neighbors the French
Department Grand-Est with its capital Strasbourg. The counties administrative capital is
the city of Offenburg (59,646 inhabitants), where the regional 630-bed medical center is
located. It provides multidisciplinary, specialized, and advanced medical services, includ-
ing a level-1 center for traumatology, pulmonology and thoracic surgery, obstetrics and
neonatal care, visceral surgery, urology, and a certified cancer center. It is divided into
two separate facilities both located within the city, one major (461 beds) and one minor
(171 beds) facility. The medical center is an affiliated teaching hospital of the University
Medical Center in Freiburg.

The first three cases of SARS-CoV-2 infections in the county were notified to the
regional public health authorities on 3 March 2020. By 22 March 2020, the number of
notified cases had already passed 100. Strict hospital infection control measures in the
context of COVID-19 patients were imposed at the beginning of March 202,0 and detailed
recommendations for the care and treatment of COVID-19 patients were issued based on
the interim guidelines of the German Society of Hospital Hygiene published in January
2020. This included stricter regulations on hand disinfection as well as respiratory hygiene.
In addition, the use of medical masks (at least, FFP-2 filter) and face shields was recom-
mended when seeing patients with respiratory and flu-like symptoms, and the appropriate
equipment was provided. Additionally, a strict visitation policy was issued at the end of
March, and no more visitors were allowed into the hospital to further reduce the likelihood
of virus introduction. At the same time, all HCWs were ordered to wear surgical masks
at all times in addition to the previously established recommendations. In contrast, the
outpatient sector initially suffered from a shortage of personal protective equipment until
May 2020, as most of the material available at this time was given to the inpatient sector.
The outpatient sector was advised by public health authorities to wear surgical masks
(if available), implement strict hand hygiene protocols, and keep sufficient distance from
patients and colleagues whenever possible. At the same, patients were publicly advised
to cancel or reschedule all non-essential appointments and, when experiencing flu-like
symptoms, to first contact their respective primary care physician or the responsible health
authorities by telephone to coordinate further action.

2.2. Samples

Individual SARS-CoV-2 serological diagnostics was offered on seven consecutive
days—2–8 April 2020—exclusively to HCWs at the major hospital facility of the regional
medical center. Additionally, the same testing was also offered to HCWs of several small
outpatient facilities (i.e., medical personnel from a general practitioner’s office, an ophthal-
mology practice, a pediatric practice, and one pharmacy). Both the hospital and the outpa-
tient facilities reported that they had seen and treated patients with laboratory-confirmed
COVID-19. HCWs were defined as those involved in direct patient care (i.e., physicians,
nurses, and supporting medical personnel), leading to a total number of 707 HCWs in the
regional medical center and an additional 40 in the outpatient facility. As this study was
performed at an early stage of the pandemic, no further specific inclusion or exclusion
criteria were applied other than the strict requirement for direct and regular patient contact,
thus excluding administrative staff among others.

Every participant filled in a short anamnestic questionnaire at the time of the blood
sampling (Figure S1). The survey included demographic questions as well as questions
regarding previous symptoms (cough, fever, myalgia, anosmia), the need for hospital
admission (intensive care unit (ICU), non-ICU setting, need for oxygen or ventilator
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support), and potential results of previous SARS-CoV-2 specific tests (e.g., RT-qPCR results
of nasopharyngeal swabs) (S1 File). Serum samples were sent to the Bundeswehr Institute of
Microbiology in Munich for further analyses. Samples were processed strictly anonymized
within the central diagnostic unit, and all results were reported to the participant by an
attending physician. All tests were performed with the anonymized serum samples, which
were stored at −80 ◦C.

2.3. Case Definition

COVID-19 is a notifiable disease in Germany. National case definitions were issued by
the RKI (www.rki.de (accessed on 30 March 2020)). Case definitions are based on the direct
detection of SARS-CoV-2 either by RT-PCR or culture.

2.4. SARS-CoV-2 ELISA

Anti-SARS-CoV-2 IgG and IgA ELISAs were performed according to the manufac-
turer’s instructions (Euroimmun, Lübeck, Germany), and ratios were calculated corre-
spondingly. Samples were evaluated as either not elevated (ratio < 0.8), indeterminate
(0.8 ≤ ratio ≤ 1.1), or elevated (ratio > 1.1) for both IgA and IgG, as suggested by the
manufacturer. Both elevated and indeterminate results in either one of the ELISAs were
interpreted as “reactive”, and all sera classified as such were subsequently analyzed using
an in-house neutralization assay.

2.5. In-House Neutralization Assay/Tissue Culture Infectious Dose 50 Test (TCID50)

An in-house neutralization assay was established as a TCID50 assay according to
a previously described standard procedure [18] to check for SARS-CoV-2-specific anti-
bodies with neutralizing capabilities. SARS-CoV-2 (strain MUC IMB-1) was grown in
Vero E6 cells (ATCC CRL-1586), and virus stocks (40–60 TCID/50 µL) were prepared and
stored at −80 ◦C until further use. Patient sera (duplicates) were diluted (1:5) in Minimal
Essential Medium (MEM, plus MEM Non-Essential Amino Acids Solution plus Antibiotic–
Antimycotic Solution; all Invitrogen, ThermoFisher Scientific, Darmstadt, Germany) in a
96-well cell culture plate (Greiner bio-one, Frickenhausen, Germany). One positive and one
negative serum were used as controls along with a mock control and a virus re-titration on
every plate. The virus was added to each well, and the serum–virus solution was incubated
for one hour at 37 ◦C (5% CO2). Afterwards, Vero E6 cells (1 × 104 cells/50µL) were added
to each well and incubated for another 72 h at 37 ◦C (5% CO2). The supernatants were then
discarded, and the 96-well plates were fixed in 13% formalin/PBS and stained with crystal
violet according to a previously described protocol [19].

2.6. Statistical Methods

Analyzes were exploratory and performed without adjustment for multiple testing.
Between-group differences were analyzed using Fisher’s Exact Test.

3. Results
3.1. Statistical Methods

Overall, 200 serum samples were obtained from HCWs. Two serum sample were
excluded due to missing/inconclusive data (n = 198); 178 sera were collected from personnel
of the regional medical center, whereas 20 sera came from personnel of the outpatient
facilities. Regarding the medical center, approximately 25% (178/707) of all HCWs involved
in direct patient care were tested. In contrast, 50% (20/40) of all HCWs in the outpatient
facility involved in direct patient care were tested. The mean age of the HCWs from the
medical center was 41 years, 34% (61/178) were men, and 63% (113/178) women—in four
(4/178) cases, no gender was documented. The mean age of the HCWs from the outpatient
institution was 51 years, 10% (2/20) were men, and 90% (18/20) women. In total, 26%
(52/198) of the tested HCWs reported symptoms prior to being tested (Table 1).

www.rki.de
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Table 1. Overview of the symptoms reported by the participants. Overall, 26.3% (52/198) of partici-
pants reported symptoms prior to sampling; 25% of participants who reported symptoms (13/52)
showed reactive ELISA results. SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.

Symptoms

Number of Participants
Reporting Symptoms Prior

to SARS-CoV-2 ELISA
Testing (n = 52)

Number of Participants
Reporting Symptoms with

Reactive ELISA Results
(n = 13)

Dyspnea 8/52 (15%) 4/13 (31%)
Cough 40/52 (77%) 11/13 (85%)
Fever 17/52 (33%) 5/13 (38%)

Myalgia 18/52 (35%) 7/13 (54%)
Anosmia 9/52 (17%) 7/13 (54%)

Hospitalization required 1/52 (2%) 1/13 (8%)

3.2. History of SARS-CoV-2 Swabs Results

Overall, 14 participants (14/198) had reportedly been tested for SARS-CoV-2 via oro-
nasopharyngeal swabs and RT-qPCR prior to serum sampling. Of these, 12 reported being
tested for corona-specific symptoms, while 2 were tested for other reasons. In addition, 4/14
reported positive swab results, whereas 10 reported negative results. RT-qPCR diagnostics
was provided by various certified commercial laboratories in the region using previously
published standard protocols. Swabs were taken between 13 and 22 days (mean 17.3 days)
prior to serum sampling.

3.3. SARS-CoV-2 ELISA

All 198 samples were tested using both IgG- and IgA-specific ELISA (Figure 1). Reac-
tive results were seen in 16% (32/198) of ELISA tests, of which 5% (9/198) were reactive for
SARS-CoV-2 IgG antibodies, 15% (29/198) were reactive for SARS-CoV-2 IgA antibodies,
and 3% (6/198) were reactive for both. Among the 178 samples from the regional medical
center, 15% (27/178) showed reactive ELISA results, 5% (8/178) were reactive for IgG, 13%
(24/178) were reactive for IgA, and 3% (5/178) were reactive for both. HCWs from the
outpatient institution showed reactive ELISA results in 25% (5/20) of the tested sera, of
which 5% (1/20) were reactive for IgG, 25% (5/20) were reactive for IgA, and 5% (1/20)
were reactive for both. Of the 32 patients with reactive ELISA results, 14 (44%) reported
symptoms prior to testing. Conversely, only 25% (13/52) of patients who had previously
reported symptoms showed reactive ELISA results (Table 1).

3.4. In-House Neutralization Assay/Tissue Culture Infectious Dose 50 (TCID50)

All sera that were reactive in either one or both ELISAs (n = 32) were further analyzed
using our in-house NT. Overall, neutralization (NT titer ≥ 5) could be detected in seven
sera (22%) (Figure 2B), including all four sera (100%) from participants who reported
previous positive swab results. Of the nine samples that were reactive for IgG, six (67%)
showed neutralizing antibodies, whereas three sera (33%) showed no neutralizing effect
(Figure 2A). The mean ratio of IgG-reactive sera with confirmed neutralization was 2.0,
while sera with no detectable neutralization had a mean ratio of 1.2. Of the 29 samples
with a reactive result in the IgA ELISA, only seven (24%) showed neutralizing antibodies,
and the mean ELISA ratio of these sera was 6.4. The remaining 23 IgA-reactive samples
(79%, mean ratio 2.2) were unable to neutralize the virus (Figure 2A). Interestingly, all six
samples that were reactive for both IgA and IgG were capable to neutralize SARS-CoV-2,
while only one sample with confirmed neutralization was only reactive for IgA (Figure 2B
#5). All seven patients (100%) with NT-confirmed antibodies also reported symptoms.
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Figure 2. Comparison of ELISA ratios and neutralization assay (NT) titers. (A). A total of 32 samples were reactive in either
one or both ELISA. The majority (23/29) of IgA-reactive samples showed no neutralizing effect, whereas two-thirds (6/9) of
IgG-reactive samples were also positive for SARS-CoV-2-neutralizing antibodies. (B). Of the seven samples (#1–7) with
detectable levels of neutralizing antibodies, all were reactive for IgA, and all but one (#5) were reactive for IgG. Overall,
when comparing ELISA results and NT titers, no prediction could be made about the levels of neutralizing antibodies from
the ELISA ratios (neither IgA nor IgG).
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4. Discussion

To get further insights into the seroepidemiology of SARS-CoV-2 in HCWs, we offered
voluntary SARS-CoV-2 antibody testing to medical personnel in a regional medical center
and additionally to HCWs in selected outpatient facilities. We used commercially available
SARS-CoV-2-specific IgA and IgG ELISA for screening and used an in-house neutralization
assay to confirm ELISA-reactive results.

Overall, 16% of the tested samples were reactive for either IgA or IgG or for both,
indicating the presence of SARS-CoV-2-specific antibodies and thus a possible past infection
with SARS-CoV-2. The findings from the regional medical center showed seroconversion in
15% (27/178) of the tested HCWs, whereas 25% (5/20) of HCWs of the outpatient facilities
were reactive in at least one ELISA. Of those reactive, the number of IgA-reactive samples
from the medical center was significantly higher (p < 0.001) compared to samples reactive
for IgG (i.e., 89% vs. 30%). Among all reactive samples from the outpatient facilities,
the number of IgA-reactive samples was 100% and thus significantly higher (p < 0.05)
than the number of samples reactive for IgG (20%). One explanation might be that IgA
serves as the first line of defense and is among the first type of immunoglobulins to be
seen during an infection [17]. For SARS-CoV-2, it was described that IgA antibodies are
detectable as early as five days post symptom onset, thus those samples might be from
people who had just recently been infected with SARS-CoV-2 and had not yet experienced
IgG seroconversion. However, the same study also found, indeed, a high sensitivity but
lower specificity (73%) for the IgA ELISA that was used in this study, suggesting that a
certain amount of IgA-reactive samples might be false positive. This would be in line with
the fact that only 24% of IgA-reactive samples could be confirmed by NT [11]. Samples
solely reactive for IgG can be explained by the fact that while IgG seroconversion is slower,
it is largely responsible for long-term immunity and thus persists in the circulation for an
extended period of time, while IgA levels decrease much faster after an infection [20].

Epidemiological data indicate that there is immunity after COVID-19, at least to some
extent [21]. However, it is difficult to derive any definitive statements regarding (long-term)
immunity solely based on ELISA, given its limitations in sensitivity and specificity as
previously explained. We therefore performed an in-house neutralization assay, which
nears the biological equivalent of protection against infection in vitro, on every sample
with elevated or indeterminate ELISA results. The fact that only 22% of the reactive
sera neutralized SARS-CoV-2 in cell culture is surprising, yet in line with a very recently
published report that not all SARS-CoV-2-specific antibodies have neutralizing capabilities,
especially not those produced at the beginning of infection, where mostly IgA would be
present [22]. This also supports our finding that most ELISA-reactive sera that could be
confirmed by NT were either IgG-reactive (67%) or reactive for both IgG and IgA (100%),
while only 24% of IgA-reactive samples showed neutralizing antibodies. In accordance to
the serological results of the “Heinsberg Study”, we could also see that sera with a low IgG
ELISA ratio tended to show no neutralizing capabilities [23].

Based on our combined ELISA and NT results, we conclude that in our study popu-
lation, 3.5% of participating HCWs showed a specific and confirmed antibody response
indicating a present or past infection with SARS-CoV-2. Among the personnel of the outpa-
tient facilities, only one person (5%) showed seroconversion and confirmed neutralizing
antibodies, which is in line with the fact that this person reported a positive SARS-CoV-2
RT-qPCR result prior to sampling. Interestingly, this person also reported close contact
with a confirmed SARS-CoV-2-infected individual outside of her workplace, making it
very likely that this participant did not get infected during work, theoretically reducing the
work-related seroprevalence to 0% in the outpatient facilities. As for the medical center,
3.4% of the participating HCWs showed SARS-CoV-2-specific neutralizing antibodies,
and one of them reported a PCR-confirmed infection. Additionally, the same person also
reported a possible infection during a stay in a high-risk area, theoretically reducing the
seroprevalence due to work-acquired SARS-CoV-2 to 2.8%. The other five participants
stated that while they did not knowingly have contact with SARS-CoV-2-infected people
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outside of work, they could not rule it out with certainty either. Interestingly, all of them
also reported symptoms, indicating that at least none of the NT-confirmed seropositive
participants were silent or asymptomatic carriers.

Taken together, our data suggests that the overall seroprevalence of SARS-CoV-2-
specific antibodies is low in HCWs, at least in this region of Southern Germany and at
the time of this study. No significant difference (p = 0.58) in seroprevalence could be
detected when comparing the results of the medical center with the results of the outpatient
institution. This may be somewhat surprising, given the difference in personal protective
equipment that was available to the hospital staff and the staff at the outpatient settings.
One possible explanation could be the difference in patient clientele. While all participating
outpatient facilities confirmed that they also came into contact with SARS-CoV-2-positive
patients, their patient load and the extent of patient contact is not comparable to that of a
hospital. Therefore, while the protective equipment was less prevalent, the same was true
for patient contact and thus for the risk of infection while working.

In addition, our results underline the importance of gathering background informa-
tion when examining seroprevalence in a population to avoid overestimation. Given the
evidently high contagiousness [24] of SARS-CoV-2, the overall low seroprevalence might
indicate abidance to implemented hygiene protocols, their effectiveness, and the appro-
priate use of personal protective measures; however, said abidance was not examined in
this study. At the same time, it must be kept in mind that this specific region is currently
not and has not been a SARS-CoV-2 hot spot, thus limiting the chance of contact to some
extent.

In general, our results, though based on a limited number of samples, are in line with
a recently published study from a referral tertiary university medical center in Germany
caring for severe COVID-19 patients, which detected the presence of SARS-CoV-2-specific
antibodies in only 1.6% (5/316) of HCWs [17]. Newspaper articles and comments from
another regional medical center in Hesse, which were published in different national media
covering the pandemic, also indicate a very low seroprevalence of SARS-CoV-2 antibodies
of only 1% (18/1800) among tested HCWs [25]. There are, however, also reports of high
seroprevalence among HCWs in Germany. A recently published study reported a 10- to
20-fold increased risk for HCWs to acquire a SARS-CoV-2 infection at work [26]. However,
this study was done in a large academic teaching hospital with a COVID-19-positive patient
load of up to 34.5%, which is not comparable to the number of COVID-19 patients seen in
the medical center investigated in this study (36 cases between 1 January and 7 April 2020).

Our study, of course, has some limitations. We examined a non-structured population
of HCWs, since participation was voluntary, and no specific inclusion or exclusion criteria
were applied. This could lead to an overestimation of seroprevalence, as individuals who
feel like they might have had a higher chance of infection may be more likely to participate.
However, we tried to take some precautions to reduce the volunteer bias as much as
possible. For example, we used the possibility for the participants to receive their own
test results as an incentive to increase the overall likelihood of participation. In addition,
by making direct patient contact a requirement for participation, we tried to make our
study population as consistent as possible and reduce the likelihood that some participants
would have significantly more incentive to participate than others (for example, because
of significant differences in exposure risk). At the same time, of course, the timing of this
study is another limitation worth noting. The sampling took place in April, relatively
early in the pandemic. However, seroprevalence is dynamic, and because serum samples
were screened for antibodies, our data represent the prevalence of prior infections but
not acute infections. Later conducted studies will thus yield different results. Several
other studies [13–15] have also been conducted at very similar time points in different
countries. The early timing in particular may allow conclusions to be drawn in order
to derive guidelines that can be useful in future outbreaks to protect medical personnel
especially during the early phase of a pandemic, when only little is known about the
pathogen.
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Another problem is, of course, that there is no way of telling if a positively tested
HCW got infected during medical work. However, we were able (through personal
communication) to identify two participants with NT-confirmed antibodies who most likely
acquired SARS-CoV-2 outside of work. We provide, however, early seroepidemiological
data for HCWs in a region of Germany with moderate SARS-CoV-2 incidence. It would
be of great interest to collect follow-up samples, especially of all participants who were
ELISA-reactive but had no neutralizing antibodies. This would give insight into whether
these ELISA results might have been truly false or if it simply takes some additional time
after seroconversion for neutralizing antibodies to be produced, as suggested by Seydoux
et al. [22].

5. Conclusions

In conclusion, the overall seroprevalence of SARS-CoV-2 antibodies in the tested
HCWs was low at the beginning of April 2020. It did not significantly differ between the
medical center and the outpatient institution and did not exceed 5%. The data indicate
that basic infection-control measures employed during the early phase of the pandemic in
hospitals and outpatient institutions are effective and help to prevent nosocomial patient-
to-staff spreading, even when other countermeasures like vaccines are not available.
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10.3390/ijerph18083910/s1, Figure S1: Anamnestic Questionnaire (translated and original version).
Every participant was required to fill in this short anamnestic questionnaire prior to blood sampling.

Author Contributions: Conceptualization, J.P.B. and G.D.; methodology, M.R., M.S. and K.K.; re-
sources, M.R., M.S. and K.K.; data curation, H.v.B. and G.D.; writing—original draft preparation,
K.M. and P.G.; writing—review and editing, K.M., P.G., H.v.B. and J.P.B.; visualization, K.M. and P.G.
All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the Medical Biodefense Research Program of the Bundeswehr
Medical Service.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. The use of plasma samples complied with the guidelines of the Central
Ethics Committee of the German Medical Association (Dtsch Arztebl 2003; 100(23): A-1632). In
accordance with these guidelines, the anonymized use of residual material from the samples sent to
our laboratory for diagnostic purposes is permissible, provided that the patients have not decided
against this procedure. Samples from patients who had decided against this procedure were excluded
from the analyses.

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

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

References
1. Zhu, N.; Zhang, D.; Wang, W.; Li, X.; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; et al. A Novel Coronavirus from

Patients with Pneumonia in China, 2019. N. Engl. J. Med. 2020, 382, 727–733. [CrossRef]
2. Li, Q.; Guan, X.; Wu, P.; Wang, X.; Zhou, L.; Tong, Y.; Ren, R.; Leung, K.S.M.; Lau, E.H.Y.; Wong, J.Y.; et al. Early Transmission

Dynamics in Wuhan, China, of Novel Coronavirus–Infected Pneumonia. N. Engl. J. Med. 2020, 382, 1199–1207. [CrossRef]
[PubMed]

3. Gandhi, R.T.; Lynch, J.B.; del Rio, C. Mild or Moderate Covid-19. N. Engl. J. Med. 2020, 383, 1757–1766. [CrossRef]
4. Puelles, V.G.; Lütgehetmann, M.; Lindenmeyer, M.T.; Sperhake, J.P.; Wong, M.N.; Allweiss, L.; Chilla, S.; Heinemann, A.; Wanner,

N.; Liu, S.; et al. Multiorgan and Renal Tropism of SARS-CoV-2. N. Engl. J. Med. 2020, 383, 590–592. [CrossRef] [PubMed]
5. Berlin, D.A.; Gulick, R.M.; Martinez, F.J. Severe Covid-19. N. Engl. J. Med. 2020, 383, 2451–2460. [CrossRef] [PubMed]
6. Guan, W.; Ni, Z.; Hu, Y.; Liang, W.; Ou, C.; He, J.; Liu, L.; Shan, H.; Lei, C.; Hui, D.S.C.; et al. Clinical Characteristics of

Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708–1720. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijerph18083910/s1
https://www.mdpi.com/article/10.3390/ijerph18083910/s1
http://doi.org/10.1056/NEJMoa2001017
http://doi.org/10.1056/NEJMoa2001316
http://www.ncbi.nlm.nih.gov/pubmed/31995857
http://doi.org/10.1056/NEJMcp2009249
http://doi.org/10.1056/NEJMc2011400
http://www.ncbi.nlm.nih.gov/pubmed/32402155
http://doi.org/10.1056/NEJMcp2009575
http://www.ncbi.nlm.nih.gov/pubmed/32412710
http://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013


Int. J. Environ. Res. Public Health 2021, 18, 3910 10 of 10

7. Van Doremalen, N.; Bushmaker, T.; Morris, D.H.; Holbrook, M.G.; Gamble, A.; Williamson, B.N.; Tamin, A.; Harcourt, J.L.;
Thornburg, N.J.; Gerber, S.I.; et al. Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N. Engl. J. Med.
2020, 382, 1564–1567. [CrossRef]

8. Wölfel, R.; Corman, V.M.; Guggemos, W.; Seilmaier, M.; Zange, S.; Müller, M.A.; Niemeyer, D.; Jones, T.C.; Vollmar, P.; Rothe, C.;
et al. Virological Assessment of Hospitalized Patients with COVID-2019. Nature 2020, 581, 465–469. [CrossRef]

9. Gonzalez, J.M.; Shelton, J.W.; Diaz-Vallejo, M.; Rodriguez-Castellanos, V.E.; Zuluaga, J.D.H.; Chamorro, D.F.; Arroyo-Ariza,
D. Immunological Assays for SARS-CoV-2: An Analysis of Available Commercial Tests to Measure Antigen and Antibodies.
medRxiv 2020. [CrossRef]

10. Perera, R.A.; Mok, C.K.; Tsang, O.T.; Lv, H.; Ko, R.L.; Wu, N.C.; Yuan, M.; Leung, W.S.; Chan, J.M.; Chik, T.S.; et al. Serological
Assays for Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), March 2020. Euro Surveill. 2020, 25. [CrossRef]

11. Jääskeläinen, A.J.; Kekäläinen, E.; Kallio-Kokko, H.; Mannonen, L.; Kortela, E.; Vapalahti, O.; Kurkela, S.; Lappalainen, M.
Evaluation of Commercial and Automated SARS-CoV-2 IgG and IgA ELISAs Using Coronavirus Disease (COVID-19) Patient
Samples. Eurosurveillance 2020, 25, 2000603. [CrossRef] [PubMed]

12. Canelli, R.; Connor, C.W.; Gonzalez, M.; Nozari, A.; Ortega, R. Barrier Enclosure during Endotracheal Intubation. N. Engl. J. Med.
2020, 382, 1957–1958. [CrossRef] [PubMed]

13. Rudberg, A.-S.; Havervall, S.; Månberg, A.; Jernbom Falk, A.; 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, 5064. [CrossRef]

14. Rosenberg, E.S.; Tesoriero, J.M.; Rosenthal, E.M.; Chung, R.; Barranco, M.A.; Styer, L.M.; Parker, M.M.; John Leung, S.-Y.; 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]

15. Iversen, K.; Bundgaard, H.; Hasselbalch, R.B.; Kristensen, J.H.; Nielsen, P.B.; Pries-Heje, M.; Knudsen, A.D.; Christensen, C.E.;
Fogh, K.; Norsk, J.B.; et al. Risk of COVID-19 in Health-Care Workers in Denmark: An Observational Cohort Study. Lancet Infect.
Dis. 2020, 20, 1401–1408. [CrossRef]

16. Self, W.H. Seroprevalence of SARS-CoV-2 Among Frontline Health Care Personnel in a Multistate Hospital Network—13
Academic Medical Centers, April–June 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1121–1226. [CrossRef]

17. 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]

18. OIE. World Organisation for Animal Health Manual of Diagnostic Tests and Vaccines for Terrestrial Animals (Mammals, Birds and Bees),
7th ed.; World Organisation for Animal Health (OIE): Paris, France, 2012; Volume 1, ISBN 978-92-9044-878-5.

19. Woof, J.M.; Kerr, M.A. The Function of Immunoglobulin A in Immunity. J. Pathol. 2006, 208, 270–282. [CrossRef] [PubMed]
20. Leusen, J.H.W.; Nimmerjahn, F. The Role of IgG in Immune Responses. In Molecular and Cellular Mechanisms of Antibody Activity;

Nimmerjahn, F., Ed.; Springer: New York, NY, USA, 2013; pp. 85–112, ISBN 978-1-4614-7107-3.
21. Kirkcaldy, R.D.; King, B.A.; Brooks, J.T. COVID-19 and Postinfection Immunity: Limited Evidence, Many Remaining Questions.

JAMA 2020, 323, 2245–2246. [CrossRef]
22. Seydoux, E.; Homad, L.J.; MacCamy, A.J.; Parks, K.R.; Hurlburt, N.K.; Jennewein, M.F.; Akins, N.R.; Stuart, A.B.; Wan, Y.-H.;

Feng, J.; et al. Characterization of Neutralizing Antibodies from a SARS-CoV-2 Infected Individual. bioRxiv 2020. [CrossRef]
23. Streeck, H.; Schulte, B.; Kuemmerer, B.; Richter, E.; Hoeller, T.; Fuhrmann, C.; Bartok, E.; Dolscheid, R.; Berger, M.; Wessendorf, L.;

et al. Infection Fatality Rate of SARS-CoV-2 Infection in a German Community with a Super-Spreading Event. medRxiv 2020.
[CrossRef]

24. Sanche, S.; Lin, Y.T.; Xu, C.; Romero-Severson, E.; Hengartner, N.; Ke, R. High Contagiousness and Rapid Spread of Severe Acute
Respiratory Syndrome Coronavirus 2. Emerg. Infect. Dis. J. 2020, 26, 1470–1477. [CrossRef] [PubMed]

25. Kern, P.M.; Weißer, H.; Menzel, T. Erstes Großklinikum Umfangreich Getestet–Keine Relevante Immunität Gegen SARS-CoV-2 in Fulda;
Hospital Fulda: Fulda, Germany, 2020.

26. Scherer, M.A.; von Freyburg, A.; Brücher, B.L.D.M.; Jamall, I.S.; Schmidt, A.; Hagedorn, H. COVID-19: SARS-CoV-2 Susceptibility
in Healthcare Workers—Cluster Study at a German Teaching Hospital. 4open 2020, 3, 6. [CrossRef]

http://doi.org/10.1056/NEJMc2004973
http://doi.org/10.1038/s41586-020-2196-x
http://doi.org/10.1101/2020.04.10.20061150
http://doi.org/10.2807/1560-7917.ES.2020.25.16.2000421
http://doi.org/10.2807/1560-7917.ES.2020.25.18.2000603
http://www.ncbi.nlm.nih.gov/pubmed/32400364
http://doi.org/10.1056/NEJMc2007589
http://www.ncbi.nlm.nih.gov/pubmed/32243118
http://doi.org/10.1038/s41467-020-18848-0
http://doi.org/10.1016/j.annepidem.2020.06.004
http://doi.org/10.1016/S1473-3099(20)30589-2
http://doi.org/10.15585/mmwr.mm6935e2
http://doi.org/10.1016/j.jcv.2020.104437
http://doi.org/10.1002/path.1877
http://www.ncbi.nlm.nih.gov/pubmed/16362985
http://doi.org/10.1001/jama.2020.7869
http://doi.org/10.1101/2020.05.12.091298
http://doi.org/10.1101/2020.05.04.20090076
http://doi.org/10.3201/eid2607.200282
http://www.ncbi.nlm.nih.gov/pubmed/32255761
http://doi.org/10.1051/fopen/2020006

	Introduction 
	Materials and Methods 
	Setting 
	Samples 
	Case Definition 
	SARS-CoV-2 ELISA 
	In-House Neutralization Assay/Tissue Culture Infectious Dose 50 Test (TCID50) 
	Statistical Methods 

	Results 
	Statistical Methods 
	History of SARS-CoV-2 Swabs Results 
	SARS-CoV-2 ELISA 
	In-House Neutralization Assay/Tissue Culture Infectious Dose 50 (TCID50) 

	Discussion 
	Conclusions 
	References

