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Abstract: Healthcare workers (HCW) who perform aerosol-generating procedures (AGP) are at high
risk of SARS-CoV-2 infection. Data on infection rates and vaccination are limited. A nationwide,
cross-sectional study focusing on AGP-related specialties was conducted between 3 May 2021 and
14 June 2021. Vaccination rates among HCW, perception of infection risk, and infection rates were
analyzed, focusing on the comparison of gastrointestinal endoscopy (GIE) and other AGP-related
specialties (NON-GIE), from the beginning of the pandemic until the time point of the study. Infections
rates among HCW developed similarly to the general population during the course of the pandemic,
however, with significantly higher infections rates among the GIE specialty. The perceived risk of
infection was distributed similarly among HCW in GIE and NON-GIE (91.7%, CI: 88.6–94.4 vs. 85.8%,
CI: 82.4–89.0; p < 0.01) with strongest perceived threats posed by AGPs (90.8%) and close patient
contact (70.1%). The very high vaccination rate (100–80%) among physicians was reported at 83.5%,
being significantly more frequently reported than among nurses (56.4%, p < 0.01). GIE had more often
stated very high vaccination rate compared with NON-GIE (76.1% vs. 65.3%, p < 0.01). A significantly
higher rate of GIE was reported to have fewer concerns regarding infection risk after vaccination
than NON-GIE (92.0% vs. 80.3%, p < 0.01).
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1. Introduction
Novel severe acute respiratory syndrome of corona virus type 2 (SARS-CoV-2) was first
reported in Wuhan, China, in late 2019 and spread rapidly, resulting in a global COVID-19
pandemic officially declared by the World Health Organization on 11 March 2020 [1]. The
ongoing pandemic has caused over 490 million cases of COVID-19 and has claimed more
than 6 million lives worldwide (as of 6 April 2022) [2]. Since the beginning of the COVID-19
pandemic, Germany has experienced a wavelike development of infection and mortality
with several peaks.
Initially, herd immunity of the general population was set as a target to mitigate the
spread of SARS-CoV-2 [3]. Effective and safe vaccines can make a decisive contribution in
defeating the pandemic. The European Commission has granted Europe-wide approval to
the COVID-19 vaccine developed by BioNTech/Pfizer on 21 December 2020, giving the
go-ahead to the start of a vaccination campaign in Germany on 27 December 2020 [4]. Due
to the limited availability of the vaccine, a prioritization of different groups of people was
made based on the risk associated with their health condition and potential exposure to
the virus [3,4]. As healthcare workers (HCW) are exposed to a high risk of infection due
to direct patient contact [5] or certain high-risk examinations, such as aerosol-generating
procedures [5,6], they were assigned to a high priority in the vaccination campaign in
Germany [7]. However, vaccination alone cannot be considered as a panacea in defeating
the pandemic due to the insufficient vaccination rates and the emergence and spread
of variants of concern (VOC), increasing transmission and severity of the disease [8,9].
Consequently, a holistic approach in defeating the SARS-CoV-2 pandemic is required.
The present study is a continuation of the CoREM-NUM study being part of a collaborative B-FAST project of the Network University Medicine (NUM) initiated by the
German Federal Ministry of Education and Research (BMBF). In the course of the study,
the University Hospital Augsburg collected data on AGP-associated medical specialties
such as gastrointestinal endoscopy, otorhinolaryngology, oral and maxillofacial surgery,
and dental medicine.
The primary objective of this study was to investigate the vaccination and infection
rates among HCW in the course of the COVID-19 pandemic.
2. Materials and Methods
2.1. Study Design
The present study is a descriptive, nationwide cross-sectional study conducted in
Germany. As it is a continuation of the CoREM-NUM study, the objective focuses on risk
assessment of aerosol-generating procedures in the context of the COVID-19 pandemic.
Details and results on the first part of the CoREM-NUM study were reported in previous
publications [10–13].
Furthermore, the research interest was focused on the four medical disciplines: gastrointestinal endoscopy (GIE), otolaryngology (ORL), oral and maxillofacial surgery (OMS),
dentistry (DM), and comparison of the GIE specialty with other AGP-related medical
disciplines. Therefore, data on ORL, OMS and DM are presented aggregated and denoted
as NON-GIE. The study questionnaire was designed based on expert advice as well as
insight from the previous studies, and implemented in UniPark© (Material S1). The questionnaire particularly sought information on the prevalence of SARS-CoV-2 infection from
the beginning of the pandemic (second calendar quarter 2020) until the time point of the
study (second calendar quarter 2021), vaccination rates, HCWs’ perceived risk of infection
due to professional activity and its probable change due to vaccination. Vaccination rates
of HCW were inquired on a five-step scale comprising the following categories: very high
(100–80%), high (80–60%), average (60–40%), low (40–20%), and very low (20–0%) rates.
Study participants were defined as medical facilities comprising hospitals or private
practices belonging to one of the four pre-defined medical disciplines of research interest. Therefore, study participants not being clearly attributed to one of the four medical
specialties were considered ineligible and excluded from further data analysis. Potential
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study participants were contacted via e-mail distribution of the respective professional
societies such as the German Gastroenterology Association (DGVS), the German Society
of Dentistry and Oral Medicine (DGZMK), the German Society of Oral and Maxillofacial
Surgery (DGMKG), the German Society of Otorhinolaryngology, Head and Neck Surgery
(DGHNO-KHC), and the Professional Association of Gastroenterologists in Private Practice
(bng) and invited to fill in an online questionnaire. Participation in the online survey was
possible between 3 May and 14 June 2021. The study site had no direct contact to the
potential study site assuring anonymity of the study participants.
2.2. Statistical Analysis
The data management and statistical analysis were conducted using SPSS© version 27.0.
The categorical variables such as medical specialty, healthcare delivery setting, estimated
vaccination rates and expectations regarding vaccination are presented as absolute frequencies and percentages. HCW infection rates were calculated as the proportion of the
absolute number of SARS-CoV-2 positive infections among HCW as reported by the respective category of medical facilities to the underlying total of the study population in
the same category and expressed as percentage. The infection rates in the German population were calculated using data from the Robert Koch Institute (RKI) [14], the leading
governmental institution for infection surveillance in Germany, by summing up absolute
number of infections per quarter in the general population and setting it in relation to the
number of inhabitants in Germany (83.1 million) [15]. The relationships between nominalscaled variables were tested inferentially using Chi-square independence tests or Fisher’s
exact test.
3. Results
3.1. Sample Characteristics
In total, 849 medical facilities participated with over 10,000 HCW in the second part
of the CoREM-NUM survey, of which 832 (98.0%) were clearly attributed to one of the
four pre-defined medical specialties. Most of the study participants were from private
practices 76.6% (n = 637), whereas hospitals constituted 23.4% (n = 195) of the total study
population (Table 1). Among private practices the largest proportion was represented by
NON-GIE specialties (52.4%, n = 436). Among participating hospitals GIE was predominant
with 17.5% (n = 146) of facilities belonging to this medical discipline.
Table 1. Absolute number and distribution of facility type and medical specialty.
Hospital

GIE
NON-GIE
Total

Private Practice

Total

n

%

HCW Number

n

%

HCW Number

n

%

HCW Number

146
49
195

17.5
5.9
23.4

2303
2907
5210

201
436
637

24.2
52.4
76.6

2184
3818
6002

347
485
832

41.7
58.3
100.0

4487
6725
11,212

GIE: gastrointestinal endoscopy; NON-GIE: other aggregated aerosol-generating specialties such as otolaryngology, oral- and maxillofacial surgery and dental medicine; n number of facilities.

3.2. HCW Infection Rate
The second and third quarters of 2020 were characterized by a stable low infection rate
in the general population accounting for 0.16% and 0.13%, respectively (Figure 1). In the
fourth quarter, 2020 infection rates increased up to 1.79%, highlighting the peak of infection
rates followed by a steady decreasing trend in the first half of 2021.
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Figure 1. SARS‐CoV‐2 infection rates among HCW by medical specialty from 2th Quarter 2020 to
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Figure 2. Assessment of the statement: “HCW are at higher risk of SARS‐CoV‐2 infection compared
with the general population” by medical specialty. GIE: gastrointestinal endoscopy; NON‐GIE:
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Figure 2. Assessment of the statement: “HCW are at higher risk of SARS-CoV-2 infection compared
with the general population” by medical specialty. GIE: gastrointestinal endoscopy; NON‐GIE:
with the general population” by medical specialty. GIE: gastrointestinal endoscopy; NON-GIE: other
aggregated aerosol-generating specialties such as otolaryngology, oral- and maxillofacial surgery and
dental medicine. ** Significance level p < 0.01; * Significance level p < 0.05.
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The most anticipated risk factor for work-related SARS-CoV2 infection were AGPs
with 92.7% (n = 771), followed by contact frequency determined by the professional activity
(74.9%, n = 623) and compelled close contact to the patients (71.5%, n = 595) (Table 2). The
least concerns were caused by the sensitivity of the rapid antigen test 15.7% (n = 131) or
unreasonable patients 32.8% (n = 273).
Table 2. Main anticipated infection threats of HCW.
GIE

AGP treatment
Job-related contact frequency
Close contact with patients
Long stay with patients in the treatment room
Frequently asymptomatic courses of COVID-19 infection
Variants of concern (VOC)
Unreasonable patients
Low sensitivity of the rapid antigen test

NON-GIE

Total

n

%

n

%

n

%

321
259
244
192
179
105
118
59

92.0
74.2
69.9
55.0
51.3
30.1
33.8
16.9

450
364
351
275
277
173
155
72

92.6
74.9
72.2
56.6
57.0
35.6
31.9
14.8

771
623
595
467
456
278
273
131

90.8
73.4
70.1
55.0
53.7
32.7
32.2
15.4

GIE: gastrointestinal endoscopy; NON-GIE: other aggregated aerosol-generating specialties such as otolaryngology, oral- and maxillofacial surgery and dental medicine.

3.4. Vaccination Rates among HCW
Overall, 70.0% (n = 1188) of study participants stated the vaccination rate of HCW to be
very high (100–80%), followed by 14.7% (n = 250) with a high vaccination level (80–60%). The
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proportion of those with a very low vaccination level (20–0%) was only 5.7% (n = 96) (Figure 3).
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physicians was very high (80–100%), whereas a significantly smaller percentage of study
participants (56.4%, n = 479; p < 0.01) stated they had the same vaccination rate for nurses
(Figure 3).
Regarding differences specific for medical disciplines, 76.1% (n = 531) of GIE assessed
the vaccination rate of their HCW to be very high (100–80%). In contrast, a significantly
smaller proportion of the NON‐GIE study participants (65.3%, n = 317; p < 0.01) chose the
same category for the vaccination rate of their workforce. Furthermore, the largest group
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In general, physicians have a higher vaccination rate than nurses in Germany. Therefore, 83.5% (n = 709) of participating facilities stated the vaccination rate of physicians
was very high (80–100%), whereas a significantly smaller percentage of study participants
(56.4%, n = 479; p < 0.01) stated they had the same vaccination rate for nurses (Figure 3).
Regarding differences specific for medical disciplines, 76.1% (n = 531) of GIE assessed
the vaccination rate of their HCW to be very high (100–80%). In contrast, a significantly
smaller proportion of the NON-GIE study participants (65.3%, n = 317; p < 0.01) chose
the same category for the vaccination rate of their workforce. Furthermore, the largest
group of HCWs having a very low vaccination rate (20–0%) was observed in the NON-GIE
specialty, accounting for 9.3% (n = 45) %), which is significantly larger as compare to the
GIE (p < 0.01) (Figure 3).
Overall, 68.3% (n = 280) of hospitals estimated the vaccination rate among HCW to
J. Clin. Med. 2022, 11, x FOR PEERbe
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Overall, 85.3% (n = 669) of study participants stated to have less concerns due to
Overall,
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study
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Table 3. Perceived risk of SARS‐CoV‐2 infection after vaccination by medical specialty.

Less concerns
Same concerns

GIE
NON‐GIE
Total
n
%
n
%
n
%
310
92.0 **
359
80.3
669
85.3
27
8.0
88
19.7
115
14.7
GIE: gastrointestinal endoscopy; NON‐GIE: other aggregated aerosol‐generating specialties such as
otolaryngology, oral‐ and maxillofacial surgery and dental medicine. ** Significance level p < 0.01; *
Significance level p < 0.05.

4. Discussion
Vaccination of the population is considered to be the most important pillar in fighting
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Table 3. Perceived risk of SARS-CoV-2 infection after vaccination by medical specialty.
GIE

Less concerns
Same concerns

NON-GIE

Total

n

%

n

%

n

%

310
27

92.0 **
8.0

359
88

80.3
19.7

669
115

85.3
14.7

GIE: gastrointestinal endoscopy; NON-GIE: other aggregated aerosol-generating specialties such as otolaryngology, oral- and maxillofacial surgery and dental medicine. ** Significance level p < 0.01; * Significance level
p < 0.05.

4. Discussion
Vaccination of the population is considered to be the most important pillar in fighting
the COVID-19 pandemic. Indeed, a recent publication evaluating the vaccination campaign
in Germany based on clinical COVID-19 cases from beginning of the vaccination campaign
from 27 December 2020 until 14 July 2021 revealed that vaccination prevented a substantial
number of severe and lethal COVID-19 cases [4]. According to our results, 70.0% of
questioned medical facilities stated the vaccination rate of their physicians was in the range
of 80–100%.
4.1. Vaccination Rates in Professional Groups
The vaccination rate found in the present study demonstrated a higher acceptance
rate of SARS-CoV-2 vaccination among physicians compared with the general population
in Germany. Accordingly, the estimated acceptance in the general population was around
70.0% at the beginning of the pandemic [16,17]. However, a substantially higher vaccination
readiness was found among physicians with more than 80.0% of study participants stating
very high vaccination rates (100–80%) in this professional group. In contrast, nurses lag
behind with very high vaccination rates reported by only 55.0% of medical facilities. In
line with this, a study of Dror et al. (2020) revealed a higher vaccine acceptance among
physicians compared with nurses, with 78.1% to 61.1%, respectively [18]. A similar result
was found in a French survey with nurses being less keen to accept vaccination against
SARS-CoV-2 than physicians [19]. Still little is known about the extent and nature of
the SARS-CoV2 vaccination hesitancy, especially among HCW. Nevertheless, a recent
publication showed that a higher level of education or the perceived risk of becoming
infected are factors that increase vaccination uptake [20]. Evidence on the risk of infection
depending on the professional group within a medical facility is inconsistent [21]. Some
studies suggest nursing-related occupations to be associated with a higher risk of SARSCoV-2 infection compared with physicians [22]. However, as direct contact with patients
being a risk factor [23], and especially in consideration of high number of asymptotic
SARS-CoV-2 courses [23,24], the vaccination rate among nurses appears to be insufficient.
This implies a need for targeted awareness campaigns that focuses specifically on this
professional group. In order to counter low vaccination rates, the German government has
issued compulsory vaccination in the healthcare sector on 15 March 2022.
As HCW are at the frontline of the pandemic, the World Health Organization has
identified HCW as a priority group for SARS-CoV-2 vaccination [25]. However, due to
limited availability of the vaccine, the German Standing Committee on Vaccination (STIKO)
has assigned medical specialties to different priority groups based on their presumed risk of
exposure to SARS-CoV-2 infection [3]. According to our study, the GIE specialty has shown
a higher vaccination rate than NON-GIE specialties. GIE HCW received first priority in the
vaccination campaign getting access to the vaccine starting from 27 December 2020. Since
medical disciplines belonging to NON-GIE such as OMS/DM and ORL were identified as
second priority, their vaccination started at the end of the first quarter of 2021. Therefore,
the lower HCW vaccination rates found in this manuscript might be attributed to later
vaccination start and might catch up during the ongoing vaccination campaign.
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Higher perceived risk of getting infected with SARS-CoV-2 is another facilitating factor
of SARS-CoV-2 vaccination [20], which was assessed as slightly higher by GIE specialties
compared with NON-GIE.
4.2. Infection Rate
Nevertheless, the infection rates among HCW in the GIE specialty were higher than in
NON-GIE throughout the whole study period. Multiple reasons could be responsible for
this observation. Firstly, the higher infection rates might be attributed to GIE departments
taking care of COVID-19 patients. Secondly, abdominal symptoms may occur during the
clinical course of SARS-CoV-2 disease, requiring an assessment by a GIE specialist [26].
Finally, non-elective procedures are more often performed in hospitals, being in this survey
predominantly represented by GIE specialty.
Considering the NON-GIE specialty, the peak of infection rates occurred delayed by
one calendar quarter compared with GIE, followed by a declining trend occurring firstly in
the second quarter 2021. Typical symptoms of COVID-19 such as fever, cough, headache,
rhinitis and sore throat [27] are often associated with usual infectious respiratory diseases.
ORL private practices, being a substantial part of the NON-GIE study population, might
be the first contact point for patients being unaware of their COVID-19 disease. Therefore,
the delayed peak of infection rates in the NON-GIE might be associated with a later start of
the vaccination campaign in specialty.
4.3. Limitations
Like other cross-sectional studies, our study has some limitations. Due to the recruitment strategy via the professional associations, a selection bias cannot be ruled out. In
particular, DM and OML were not represented in large numbers comprising only five
facilities. Another shortcoming of the study is that this study was cross-sectional, inquiring
information over a considerable period in the past comprising three calendar quarters in
2020 and two calendar quarters of 2021. Moreover, insights presented are based on the
assessments and judgments made for a private practice or a hospital ward and its workforce by one individual. Furthermore, the vaccination rates were assessed using a 5-step
Likert-scale, comprising a span of 20%, which makes an inference-statistical comparison of
infection rates problematic.
Despite the above-mentioned limitations this is the first study to present vaccination
rates of HCW in Germany in combination with prevalence of SARS-CoV-2 infection among
HCW over the course of the COVID-19 pandemic.
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