
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Hygiene and Environmental Health 232 (2021) 113671

Available online 30 November 2020
1438-4639/© 2020 Elsevier GmbH. All rights reserved.

Seroprevalence of SARS-CoV-2 antibodies among hospital workers in a 
German tertiary care center: A sequential follow-up study 

Thomas Theo Brehm a,b,*,1, Dorothee Schwinge a,1, Sibylle Lampalzer a, Veronika Schlicker a,b, 
Julia Küchen a, Michelle Thompson a, Felix Ullrich a, Samuel Huber a, Stefan Schmiedel a,b, 
Marylyn M. Addo a,b, Marc Lütgehetmann b,c, Johannes K. Knobloch b,c, 
Julian Schulze zur Wiesch a,b,1, Ansgar W. Lohse a,b,1 

a I. Department of Internal Medicine, University Medical Center Hamburg-Eppendorf, Martinistraße 52, 20246, Hamburg, Germany 
b German Center for Infection Research (DZIF), Partner Site Hamburg-Lübeck-Borstel-Riems, Germany 
c Institute of Medical Microbiology, Virology and Hygiene, University Medical Center Hamburg-Eppendorf, Martinistraße 52, 20246, Hamburg, Germany   

A R T I C L E  I N F O   

Keywords: 
SARS-CoV-2 
COVID-19 
Seroprevalence 
Hospital workers 
Healthcare workers 
Germany 

A B S T R A C T   

We sequentially assessed the presence of SARS-CoV-2 IgG antibodies in 1253 hospital workers including 1026 
HCWs at the University Medical Center Hamburg-Eppendorf at three time points during the early phase of the 
epidemic. By the end of the study in July 2020, the overall seroprevalence was 1.8% (n = 22), indicating the 
overall effectiveness of infection control interventions in mitigating coronavirus disease 2019 (COVID-19) in 
hospital workers.   

1. Introduction 

Health care workers (HCWs) are at the front line of the coronavirus 
disease 2019 (COVID-19) pandemic response and disproportionally at 
risk of contracting severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) due to occupational exposure to droplets, aerosols and 
contaminated surfaces (Razzini et al., 2020). Reports about high infec-
tion rates of HCWs in many countries have illustrated the challenges of 
HCW protection, especially with regard to the risk of infections from 
pre-symptomatic COVID-19 patients (Arons et al., 2020; Zhan et al., 
2020). Besides their personal health risk, infected HCWs may contribute 
to critical staff shortages and pose a risk for vulnerable patients and 
fellow HCWs. Serological surveillance of hospital workers allows for an 
estimation of the overall infection rate and for early identification of 
professional groups and hospital environments at increased risk for 
contracting COVID-19. This approach is paramount to evaluate and 
adjust infection control measures to mitigate nosocomial transmission of 
SARS-CoV-2. By now, several studies have demonstrated high seropre-
valence in HCWs in countries most affected by COVID-19 (Garcia-Bas-
teiro et al., 2020; Sotgiu et al., 2020; Rudberg et al., 2020; Houlihan 

et al., 2020; Martin et al., 2020; Moscola et al., 2020; Stubblefield et al., 
2020) but data from German HCWs are scarce (Korth et al., 2020). By 
17th July 2020, a total of 5232 cases had been confirmed amongst the 
1.9 million inhabitants of the city of Hamburg, which constituted one of 
the highest infection rates in Germany (Robert Koch Institute, 2020). At 
the University Medical Center Hamburg-Eppendorf, more than 170 
COVID-19 patients were treated during the same time period. The aim of 
our study was to longitudinally assess the SARS-CoV-2 seroprevalence 
and seroconversion rates in hospital workers at our tertiary care center 
at three time points during the early phase of the epidemic. 

2. Material and methods 

2.1. Recruitment of the study population 

The study protocol was reviewed and approved by the Ethics Com-
mittee of the Medical Council of Hamburg (PV 7298). Participants were 
recruited by informing employees of the University Medical Center 
Hamburg-Eppendorf both in person and via an internal email newsletter 
and written informed consent was obtained by all study participants 
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prior to recruitment. Both at baseline (Screening period 1 (SP 1): 20th 
March – 9th April) and during the first (SP 2: 20th April 20 – 8th May) 
and second (SP 3: 22nd June – 17th July) follow-up visit serum samples 
were drawn. Study participants were contacted by phone and email to 
remind them of the follow-up visits to reduce selection bias. 

2.2. Data collection 

On the day of recruitment, we collected demographic and general 
work-related data using a standardized questionnaire. Hospital workers 
were classified as HCWs if they reported regular occupational contact 
with patients. Study participants were asked to report only their main 
clinical role. Since some employees work in different departments in 
parallel, study participants could to assign themselves to different lo-
cations of work. In addition, we used another questionnaire to assess 
known and possible past contact to COVID-19 patients with or without 
sufficient personal protective equipment (PPE) as well as the presence of 
symptoms during the prior 4 weeks at SP 1 and SP 2 and during the prior 
8 weeks at SP 3 respectively. Fever, cough, and dyspnea were classified 
as typical symptoms while rhinorrhea, sore throat, headache, stomach 
pain, joint and muscle pain, nausea, and diarrhea and were considered 
as uncharacteristic symptoms. Questionnaires were available both 
paper-based and on online REDcap electronic data capture tools hosted 
at our center. Study participants with positive SARS-CoV-2 IgG were 
contacted again by phone to assess the probable source of infection and 
to ask if nasopharyngeal swabs for RT-PCR had been performed. 

2.3. ELISA 

At all three screening periods, serum samples were drawn from all 
study participants. A semi-quantitative SARS-CoV-2 immunoglobin (Ig) 
G enzyme-linked immunosorbent assay (ELISA) targeting the S1- 
Domain of the S-protein spike protein subunit (Euroimmun Medizini-
sche Labordiagnostika, Lübeck, Germany) was performed according to 
the manufacturer’s protocol. Results are evaluated by calculation of a 
ratio of the extinction of the serum sample over the extinction of the 
calibrator. According to the manufacturer, a ratio <0.8 is considered 
negative, ≥0.8 and < 1.1 borderline, and ≥1.1 positive. The manufac-
turer reports a specificity 99.6% and sensitivity of 94.4% 10 days after 
the onset of symptoms. However, we used a more stringent cut-off value 
of ≥1.5 for positive results, which has been shown to display a speci-
ficity of 100% (Pflüger et al., 2020) to account for the low prevalence 
environment. Given the longitudinal character of our study, we do not 
expect a relevant loss of test sensitivity. Study participants were classi-
fied as seropositive in all future sampling periods if they had an IgG 
antibody titer ≥1.5 at least once, even if antibody titers waned over 
time. 

2.4. Statistical analyses 

Seroprevalence of antibodies against SARS-CoV-2 at different time 
points was calculated as proportions with 95% confidence interval (CI). 
Continuous variables were expressed as mean and interquartile range 
(IQR) and compared with student’s t-test. Categorical variables were 
expressed as number (%) and compared by Chi-square or Fisher’s exact 
test. P values less than 0.05 were considered statistically significant. 
Figures were designed using GraphPad Prism version 8 for macOS 
(GraphPad Software, La Jolla, California, USA). All other analyses were 
performed using SPSS, version 21.0 (IBM Corp., Armonk, New York, 
USA). 

3. Results 

3.1. Characterization of the study population 

A total of 1253 individuals were included during SP 1, which 

represent around 11% of all employees at the University Medical Center 
Hamburg-Eppendorf. The majority of study participants were HCWs (n 
= 1026) who were recruited at different departments of our hospital 
including regular wards (n = 332), outpatient clinics (n = 234), the 
intensive care unit (n = 130), and the emergency department (n = 63) 
(Table 1). The remainder were researchers, administrative staff, or 
belonged to other occupational employee groups not directly involved in 
patient care. While we did not recruit a strictly representative sample of 
hospital workers at our institution, the relative proportion of different 
professional groups in our study cohort (35.4% nurses, 21.9% medical 
doctors, 42.7% others) fairly well matched the overall distribution at our 
hospital (30.1% nurses, 25.8% medical doctors, 44.1% others). Infor-
mation on whether study participants had been knowingly in close 
contact with COVID-19 patients was available for 1163 (92.8%) study 
participants (Table 2). Of those, 25.4% (n = 295) reported to having 
been in direct contact with COVID-19 cases. A total of 226 individuals 
were only involved in the care of patients with diagnosed SARS-CoV-2 
infections and were thus equipped with appropriate PPE. Another 69 
study participants had contact with patients who were later diagnosed 
with COVID-19, which is why these HCWs did not wear adequate PPE at 
the time of exposure. Occupational contact to infected colleagues was 
reported by 12.0% (n = 140), community contact by 3.0% (n = 35) of 
participants. 

3.2. Serological results 

A total of 23 (1.8%) participants missed the first follow-up visit, but 
all study participants attended the second follow up visit. At the initial 
screening period, 0.8% (n = 10, 95% confidence interval [CI] 0.3 to 1.3) 
of the study participants were found to be SARS-CoV-2 seropositive 
(Fig. 1). Another ten individuals showed seroconversion at SP 2, giving a 
seroprevalence of 1.6% (95% CI 0.9 to 2.3). At SP 3, two more in-
dividuals had developed anti-SARS-CoV-2 IgG antibodies, thus the 
overall seroprevalence was 1.8% (n = 22, 95% CI 1.0 to 2.5) by the end 
of the study. 

No significant differences in age or the relative distribution of sex 
were observed between seronegative and seropositive study partici-
pants. Seropositivity was increased in physicians (3.3% vs 1.3%; p =
0,04), while none of the other professional categories and none of the 
different locations of work showed any association with the presence of 

Table 1 
Characterization of the study population.   

Total Seropositive p 

Total, n 1253 22 (1.8)  
Age 
Median 36 33 0.33 
IQR 29; 48 29; 40  
Sex 
Male 308 8 (2.5) 0.21 
Female 934 14 (1.5) 0.23 
Diverse 11 0 (0) 1.0 
Clinical role, n (%) 
Nurse 444 10 (2.3) 0.37 
Physician 275 9 (3.3) 0.04 
Medical technician 105 0 (0) 0.25 
Medical student 73 2 (2.7) 0.37 
Physiotherapist 15 0 (0) 1.0 
Other HCW 114 1 (0.3) 0.25 
Non-HCW 227 1 (0.4) 0.16 
Location of work, n (%) 
Regular ward 332 9 (2.7) 0.14 
Outpatient clinic 234 5 (2.1) 0.58 
Intensive care unit 130 2 (1.5) 1.0 
Operating room 111 1 (0.9) 0.71 
Emergency department 63 1 (1.6) 1.0 
Other 354 4 (1.1) 0.35 

Baseline characterization of the study population and association of variables 
between seropositive and seronegative individuals; IQR = interquartile range. 
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antibodies to SARS-CoV-2. 
The most probable source of infection could be identified for the 

majority of seropositive study participants (Table 2). Six HCWs pre-
sumably got infected when caring for pre-symptomatic patients who 
were later diagnosed with COVID-19 and had thus not used appropriate 
PPE at the time of exposure. Five HCWs most likely contracted SARS- 
CoV-2 while caring for COVID-19 patients with adequate PPE. Other 
probable infection routes in our cohort were close contact with infected 
colleagues (n = 3), community transmission in high-risk regions (n = 3), 
and infected household contacts (n = 1). The remainder of four sero-
positive employees did not report any known contact to COVID-19 pa-
tients, and the probable source of infection could not be established. 
Seroprevalence was higher in study participants who reported contact 
with COVID-19 patients (4.3%; p < 0.001). The subgroup of study 
participants who reported caring for pre-symptomatic COVID-19 and 
did not use appropriate PPE at the time of exposure showed the highest 
seroprevalence (5.4%; p = 0.001). Of note, no increased rate of anti- 
SARS-CoV-2 IgG-antibodies was observed in the subgroup of hospital 
workers who reported providing direct clinical care to diagnosed 
COVID-19 patients with appropriate PPE (2.2%; p = 0.79) or contact to 
SARS-CoV-2 infected colleagues (2.1%; n = 0.74). However, study 
participants who reported delivering care for pre-symptomatic COVID- 
19 and did therefore not use appropriate PPE at the time of exposure had 
a significantly higher seroprevalence (5.4% vs 27.3%; p = 0.001). 
Moreover, community contact with COVID-19 cases was a significant 
risk factor for seropositivity in our study cohort (2.7% vs 18.2%, p =
0.003). 

3.3. Information on nasopharyngeal swabs of seropositive individuals 

Out of all seropositive study participants, a total of 40.9% (n = 9) had 
been diagnosed with SARS-CoV-2 infection by RT-PCR and thus had 
been placed under quarantine during the study period. Another six 
seropositive HCWs reported that they had at least one nasopharyngeal 
swab performed due to symptoms or close contact with a COVID-19 case 
but were tested negative at that time. The remainder of seven seropos-
itive individuals had not been tested by RT-PCR at all. 

3.4. Symptoms 

Complete information on symptoms throughout the study period was 
provided by 1094 (87.3%) of the study participants (Table 2). The 
overall rate of hospital workers who reported typical SARS-CoV-2 
symptoms did not differ between seronegative and seropositive in-
dividuals (54.6% vs 63.6%; p = 0.52) (Table 3). Only fever (9.9% vs. 
36.4%; p = 0.001) and muscle aches (22.6% vs 59.1%; p < 0.001) were 
more commonly reported in hospital workers with anti-SARS-CoV-2 
antibodies. 

4. Discussion 

The first results of our ongoing study demonstrate a low overall 
SARS-CoV-2 seroprevalence of 1.8% (n = 22, 95% CI 1.0 to 2.5) in a 

Table 2 
Contact to COVID-19 cases reported by the study participants.   

Total Seropositive, n (%) p 

Any known contact 417 18 (4.3) <0.001  
- Patients, only with PPE 226 5 (2.2) 0.79  
- Patients, without PPE 69 6 (8.7) 0.001  
- Colleagues 140 3 (2.1) 0.74  
- Community 35 4 (11.4) 0.003 

Contact to COVID-19 cases reported by seropositive and -negative study par-
ticipants and association of variables between seropositive and seronegative 
individuals. Information on contact to COVID-19 cases was available for 1163 
study participants. 

Fig. 1. Serologic results of the study population.  

Table 3 
Symptoms reported by seropositive and -negative study participants.   

Seronegative Seropositive p 

Typical symptoms, n (%) 597 (54.6) 14 (63.6) 0.52  
- Fever, n (%) 108 (9.9) 8 (36.4) 0.001  
- Cough, n (%) 511 (46.7) 11 (50.0) 0.83  
- Dyspnea, n (%) 254 (23.2) 8 (36.4) 0.12 
Rhinorrhea, n (%) 736 (67.3) 16 (72.7) 0.65 
Sore throat, n (%) 576 (52.7) 11 (50.0) 0.83 
Headache, n (%) 717 (65.5) 15 (68.2) 1.0 
Abdominal pain, n (%) 297 (26.9) 8 (36.4) 0.34 
Muscle aches, n (%) 247 (22.6) 13 (59.1) <0.001 
Nausea, n (%) 211 (19.3) 8 (36.4) 0.06 
Diarrhea, n (%) 299 (27.3) 8 (36.4) 0.34 

Respective symptoms as stated by the study participants at SP 1 or SP 2 for the 
preceding month and at SP 3 for the preceding 2 months. Complete information 
was provided by a total of 1094 seronegative and 22 seropositive participants. 
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cohort of 1253 hospital workers at the University Medical Center 
Hamburg-Eppendorf at the early phase of the COVID-19 epidemic. 
Remarkably, seroprevalence was not significantly increased in HCWs 
directly involved in patient care compared to other hospital workers. 
These low overall infection rates are despite more than 170 patients with 
SARS-CoV-2 infections that had been treated at our center during the 
study period. Notwithstanding considerable exposure to COVID-19, 
infection rates in our study were substantially lower than in HCWs 
from Belgium (12.6%) (Martin et al., 2020), Spain (11.2%) (Garcia--
Basteiro et al., 2020), Italy (14.4%) (Sotgiu et al., 2020), Sweden 
(19.1%) (Rudberg et al., 2020) the United Kingdom (10.8%–43.5%) 
(Martin et al., 2020; Houlihan et al., 2020) and the United Stated of 
America (7.6%–13.7%) (Moscola et al., 2020; Stubblefield et al., 2020). 
Those marked differences in infection rates may be partially explained 
by local differences in community transmission: population seropreva-
lence has been estimated to be 8.0% in Belgium, 5.5% in Spain, 4.6% in 
Italy, 3.7% in Sweden, 5.1% in the United Kingdom, and only 0.85% in 
Germany by May 2020 (Flaxman et al., 2020). However, our results 
confirm the findings of a previous cross-sectional study that detected 
anti-SARS-CoV-2 in 1.6% (n = 5) of 316 HCWs at another German ter-
tiary care hospital (Korth et al., 2020) and are likely also an indicator 
that local infection control interventions were effective in protecting 
HCWs from COVID-19. A timeline of the most important infection 
control measures that were undertaken at our institution and in 
Hamburg, Germany are listed in Table 4. 

It has been shown that stringent use of appropriate PPE by HCWs 
when providing direct care to patients with suspected or confirmed 
SARS-CoV-2 infections effectively prevents transmission (Wang et al., 
2020). Indeed, we did not observe a significant association between the 
rate of anti-SARS-CoV-2 IgG-antibodies and contact with COVID-19 
patients when using appropriate PPE. However, five HCWs in our 
study presumably contracted SARS-CoV-2 despite the use of appropriate 
PPE when caring for COVID-19 patients. We cannot determine with 
absolute certainty whether those HCWs contracted COVID-19 while 
caring for infected patients, and whether infection control standards 
were maintained by these individuals at all times. Our observations 
nevertheless demonstrate that awareness for SARS-CoV-2 infection is 
crucial even when appropriate PPE is used. 

Moreover, another six HCWs presumably contracted SARS-CoV-2 
infections when delivering care for pre-symptomatic patients who 
were not suspected COVID-19 cases at the time of exposure. Indeed, such 
contacts with yet undiagnosed patients without appropriate PPE were 
associated with seropositivity. Our observations are in line with the 
results of previous studies, which have demonstrated that pre- 
symptomatic patients play a pivotal role in both community and 
healthcare facility associated transmission of SARS-CoV-2 (Arons et al., 
2020). To detect those pre-symptomatic patients pre-symptomat, uni-
versal admission screening for all hospitalized patients has been sug-
gested (Sutton et al., 2020) and was also established at our institution by 
20 April. 

While exposure- and symptom-based SARS-CoV-2 RT-PCR is the 
mainstay of HCW surveillance, previous studies have demonstrated 
potential challenges and limitations of symptom-based screening efforts 
due to a lack of both sensitivity and specificity of symptoms suggestive 
of COVID-19 (Black et al., 2020). Our findings highlight those limita-
tions. Indeed, only 68.2% of seropositive study participants had prior 
RT-PCR testing for SARS-CoV-2, and only 40.9% had a positive test 
result. Fever, cough, or dyspnea - symptoms generally considered sug-
gestive of COVID 19 – were reported by only 63.3% of individuals with 
anti-SARS-CoV-2 antibodies. On the other hand, 54.6% of seronegative 
individuals reported at least one of those symptoms. Fever, but not 
cough or dyspnea were significantly associated with the detection of 
anti-SARS-CoV-2 antibodies. While testing of only symptomatic HCWs 
might miss a substantial number of COVID-19 cases, expanding RT-PCR 
surveillance to all asymptomatic HCWs might be a powerful, but 
resource- and cost-intensive tool to reducing the risk of nosocomial 

transmission. 
Our study is subject to a number of limitations. Firstly, since various 

infection control measures were sequentially adopted and the study did 
not include a control group, we are not able to answer the question 
which of the described interventions are the most effective in preventing 
healthcare transmission. However, our results suggest that the overall 
approach in our institution was effective in mitigating SARS-CoV-2 
transmission to HCWs. This is also supported by the fact that after the 
adoption of all infection control interventions, only two more serocon-
versions were observed in the two months between SP 2 and SP 3. 
Secondly, when analyzing serological data, we did not use the cut-off 
≥1.1 as provided by the manufacturer, but an optimized IgG ratio of 
≥1.5 to ensure maximum specificity of test results. Given the longitu-
dinal character of our study and the expected increase of IgG ratios over 
time in infected individuals, we did not expect any relevant loss of test 
sensitivity. When analyzing serological data with the cut-off value of 
≥1.1, the overall seroprevalence was 2.8% (n = 36). Thirdly, we did not 
recruit a strictly representative sample of hospital workers at our insti-
tution and participation was voluntary, which limits the overall gener-
alizability of our results. 

5. Conclusions 

In conclusion, the SARS-CoV-2 seroprevalence of hospital workers at 
our tertiary care hospital in Germany was 1.8% during the early phase of 
the COVID-19 pandemic. Local infection control interventions appear to 
be generally effective in mitigating nosocomial transmission of SARS- 
CoV-2. However, our study also highlights the challenges and limita-
tions of those measures. Awareness for SARS-CoV-2 infections remains 
crucial for HCWs on COVID-19 wards as well as for other hospital 
workers without known contact to SARS-CoV-2 infected patients. 
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Table 4 
Infection control interventions at the University Medical Center Hamburg- 
Eppendorf and in Hamburg, Germany.  

Interventions at the University Medical Center Hamburg-Eppendorf 

27 
February 

Opening of an on-campus COVID-19 testing clinic 

11 March Cancellation of all meetings not directly related to patient care 
18 March Mandatory wearing of face masks in the emergency department 
19 March Implementation of visitor restrictions 
22 March Mandatory wearing of face masks in all clinical settings 
10 April Mandatory wearing of FFP2 masks at all oncology and hematology 

wards and clinics 
20 April Universal RT-PCR admission screening of patients 
11 May Universal RT-PCR screening of employees caring for COVID-19 

patients or vulnerable patients 

Interventions in Hamburg, Germany 

16 March Closure of educational facilities 
22 March Stay at home order 
27 April Mandatory wearing of face masks 

Infection control interventions at the University Medical Center Hamburg- 
Eppendorf and in Hamburg, Germany. 
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