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Factors associated with an increased risk of SARS-CoV-2 infection
in healthcare workers in aerosol-generating disciplines

Risikofaktoren für SARS-CoV-2-Infektionen bei medizinischem
Personal in aerosol-generierenden Disziplinen
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ABSTRACT

Background Healthcare workers (HCWs) are at a high risk of

SARS-CoV-2 infection due to exposure to potentially infec-

tious material, especially during aerosol-generating proce-

dures (AGP). We aimed to investigate risk factors for SARS-

CoV-2 infection among HCWs in medical disciplines with AGP.

Methods A nationwide questionnaire-based study in private

practices and hospital settings was conducted between 12/

16/2020 and 01/24/2021. Data on SARS-CoV-2 infections

among HCWs and potential risk factors of infection were

investigated.
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Results 2070 healthcare facilities with 25113 employees were

included in the study. The overall infection rate among HCWs

was 4.7 %. Multivariate analysis showed that regions with

higher incidence rates had a significantly increased risk of

infection. Furthermore, hospital setting and HCWs in gastro-

intestinal endoscopy (GIE) had more than double the risk of

infection (OR 2.63; 95 % CI 2.50–2.82, p < 0.01 and OR 2.35;

95% CI 2.25–2.50, p < 0.01). For medical facilities who treated

confirmed SARS-CoV-2 cases, there was a tendency towards

higher risk of infection (OR 1.39; 95 % CI 1.11–1.63,

p = 0.068).

Conclusion Both factors within and outside medical facilities

appear to be associated with an increased risk of infection

among HCWs. Therefore, GIE and healthcare delivery setting

were related to increased infection rates. Regions with higher

SARS-CoV-2 incidence rates were also significantly associated

with increased risk of infection.

ZUSAMMENFASSUNG

Hintergrund Medizinisches Personal ist durch die Exposition

gegenüber potenziell infektiösem Material einem erhöhten

Infektionsrisiko ausgesetzt. Dies gilt insbesondere für Fachdis-

ziplinen mit aerosolgenerierenden Prozeduren (AGP). Hierfür

gibt es jedoch kaum Daten, insbesondere für den ambulanten

Versorgungssektor. Ziel dieser Studie war es, die Häufigkeit

sowie potenzielle Risikofaktoren für SARS-CoV-2-Infektionen

bei medizinischem Personal von aerosolgenerierenden Dis-

ziplinen zu erheben und zu identifizieren.

Methoden Zwischen dem 16.12.2020 und 24.01.2021 wurde

eine bundesweite Umfrage in den Disziplinen der gastrointes-

tinalen Endoskopie (GIE); Hals-, Nasen-, Ohrenheilkunde

(HNO); Mund-, Kiefer-, Gesichtschirurgie (MKG) und der

Zahn-, Mund-, Kieferheilkunde (ZMK) durchgeführt. Hierbei

wurden Daten zu SARS-CoV-2-Infektionen beim medizini-

schen Personal sowie potenzielle Risikofaktoren erfasst.

Ergebnisse 25113 Beschäftigte in 2070 Einrichtungen wur-

den in die Studie eingeschlossen. Die Gesamtinfektionsrate

unter dem medizinischen Personal betrug 4,7 %. Die multi-

variate Analyse zeigte, dass Regionen mit höheren Inzidenz-

raten ein deutlich erhöhtes Infektionsrisiko aufwiesen.

Außerdem war das Infektionsrisiko in Krankenhäusern und

bei Beschäftigten der GIE um mehr als das Zweifache erhöht

(OR 2,63; p < 0,01 und OR 2,35; p < 0,01). Ein tendenziell er-

höhtes Infektionsrisiko bestand in Einrichtungen, die bestä-

tigte SARS-CoV-2-Fälle behandelt haben (OR 1,39; p = 0,068).

Fazit Das SARS-CoV-2-Infektionsrisiko für medizinisches Per-

sonal wird sowohl von Faktoren innerhalb als auch Faktoren

außerhalb von medizinischen Einrichtungen bestimmt. Die

Fachrichtung der GIE sowie die Tätigkeit in einem Kranken-

haus beeinflussen signifikant die Infektionsraten. Eine höhere

SARS-CoV-2-Inzidenzrate in der Region geht ebenfalls mit ei-

nem signifikant erhöhten Infektionsrisiko einher.

Introduction

For more than a year, the “coronavirus disease 2019” (COVID-19) has
kept the world and especially the healthcare sector on tenterhooks.
An initially small outbreak of the virus “severe acute respiratory syn-
drome coronavirus type 2” (SARS-CoV-2) has since developed into a
worldwide pandemic with over 200 million cases (as of 08/30/2021)
[1].

Healthcare workers (HCW) have been particularly exposed dur-
ing the pandemic, and data shows an increased infection rate
among HCW compared to the general population [2]. Data from
different countries emphasise the increased risk for HCW, espe-
cially those with direct patient contact [3, 4, 5]. Based on these
data and the risk of transmission between HCWs, the Standing
Committee on Vaccination (STIKO) had initially issued a prioritized
vaccination recommendation for people working in medical facil-
ities. Transmission of SARS-CoV-2 mainly takes place via respira-
tory droplets and aerosols [6]. Numerous medical procedures typ-
ical for specific medical disciplines are widely recognized to
generate aerosols and, therefore, are assumed to increase the
risk of infection. HCWs who carry out aerosol-generating proce-
dures (AGP) or activities close to patientsʼ faces were given higher
priority for vaccination in Germany, even though real-world data
demonstrating the increased risk is limited [5]. In particular, evi-
dence for this within the outpatient-care sector is lacking.

As part of the collaborative project B-FAST of the Network of
University Medicine (NUM), initiated by the German Federal

Ministry of Education and Research, Augsburg University Hospital
was commissioned to acquire data on facial and AGP-associated
medical subspecialties such as gastrointestinal endoscopy (GIE),
otorhinolaryngology (ORL), oral and maxillofacial surgery (OMS),
and dentistry (DM). The study was supported by the Bavarian
State Ministry of Science and Arts, as well as the respective profes-
sional societies, including the German Society of Gastroentero-
logy, Digestive and Metabolic Diseases (DGVS), the German So-
ciety of Dentistry and Oral Medicine (DGZMK), the German
Society of Oral and Maxillofacial Surgery (DGMKG), The German
Society of Oto-Rhino-Laryngology, Head and Neck Surgery
(DGHNO-KHC) and the Professional Association of Gastroenterol-
ogists in Private Practice (bng).

Material and methods

Questionnaire

The present study is a descriptive, explorative, cross-sectional,
questionnaire-based study conducted in Germany between
16th December 2020 and 24th January 2021, aiming at investigat-
ing the prevalence of SARS-CoV-2 infection among HCW exposed
to AGP in hospitals and private practices as well as at identifying
potential risk factors for infection in medical facilities. The ques-
tionnaire for the survey was designed based on detailed literature
research and on expert suggestions provided by the respective
disciplines GIE, ORL, OMS, and DM (Supplement 1).
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The studyʼs primary outcomes are the prevalence of SARS-
CoV-2 cases among HCW in the AGP-related specialties and the
rate of medical facilities that have had at least one SARS-CoV-2
case among their HCW.

Descriptive data collected by the questionnaire comprised the
healthcare delivery setting, medical specialty, number of proce-
dures performed per day, and number of HCW working in the
respective medical unit. Furthermore, the questionnaire focused
on pandemic-related information, including the number of SARS-
CoV-2 infections in a medical unit, pre-interventional testing, and
treatment of confirmed SARS-CoV-2 cases.

Pandemic-related information was cumulated from the begin-
ning of the pandemic in Germany until the end of the survey
(3rd calendar week of 2021). The first two digits of the ZIP code
of each participating medical facility were used to correlate the
local incidence rates in the region with the infection rate among
participating HCW.

The questionnaire was addressed to hospitals and private prac-
tices of GIE, OMS, ORL, and DM specialties. Medical facilities not
attributable to one of the four aforementioned medical specialties
were considered ineligible and excluded from the data analysis.
Study participants were recruited via e-mail invitations distributed
by the respective professional societies (DGVS, DGZMK, DGMKG,
DGHNO-KHC, bng). Recruitment was done through the heads of
department or private practice owners, who were invited to
answer the online questionnaire implemented in UniPark©. Parti-
cipation in the survey was anonymous and voluntary, without
direct contact with the study site.

Statistical analysis

Statistical analysis was performed using SPSS version 27.0. Cate-
gorical variables such as ZIP-code region, medical specialty, type
of medical facilities such as a hospital or private practice, the pre-
sumed source of infection, pre-interventional testing of patients,
and treatment of confirmed SARS-CoV-2 cases are presented as
absolute frequencies and percentages. The interval-scaled vari-
ables such as the number of employees and the number of proce-
dures performed per day are presented as mean values and stand-
ard deviations.

The prevalence of SARS-CoV-2 among HCWs was defined as
the aggregated number of SARS-CoV-2 positive HCW within a
considered healthcare delivery setting and within a considered
medical specialty divided by all HCW reported for the respective
category. The rate of medical units positive for SARS-CoV-2 was
defined as the aggregated number of medical units reporting at
least one positive HCW SARS-CoV-2 case within a considered
healthcare delivery setting and within a considered medical spe-
cialty divided by all medical units in the respective category.

Mean COVID-19 incidences were calculated using official county-
granular data from the Robert Koch Institute (RKI), the leading
governmental institution in biomedicine in Germany, aggregated
to 10 ZIP-code regions over the whole period considered in the
survey [7].

In the present manuscript, GIE data are compared with the
aggregated data from the other AGP disciplines such as ORL,
OMS, and DM. The latter three were termed Non-GIE. The rela-

tionships between nominal-scaled variables were tested inferen-
tially using Chi-square independence tests or Fisherʼs exact test.
Mean values were compared using Mann-Whitney-U test. The
analysis of the risk factors associated with infections among
HCW was carried out using multivariate logistic regression with
the occurrence of a SARS-CoV-2 infection as a dependent variable
and potential influencing variables considered in the manuscript
as independent variables. The ZIP-code region with the lowest
incidence (20–29) was chosen as a reference group. Furthermore,
private practice, Non-GIE specialty, treatment of SARS-CoV-2
cases, and no pre-interventional testing were also chosen as refer-
ence groups in the multivariate logistic regression. The signifi-
cance level was set as p < 0.05.

Results

Sample characteristics

Twenty thousand facilities were contacted, and 2,096 facilities
participated in the survey. Twenty-six facilities were excluded
from the data analysis based on prespecified eligibility criteria.
Consequently, 2070 remaining questionnaires were analyzed, of
which 113 (5.5 %) had non-exclusionary missing data. Analyzed
study participants included 1828 (88.3 %) private practices and
242 (11.7 %) hospitals. 284 GIE private practices (13.7 %) and 145
(7.0 %) GIE hospitals were included (▶ Table 1). The distribution of
the Non-GIE facilities between the different disciplines can be
found in the supplement (Supplement 2).

Overall, hospitals performed significantly more procedures per
day compared with private practices (41.5 vs. 32.9 p < 0.01). Non-
GIE hospitals and private practices performed significantly more

▶ Table 1 Absolute and percentage distribution of medical facilities by
type and specialty, and mean number of procedures performed per day.

Specialisation Number
of facilities

% of all
facilities

Mean number
of procedures
per day (SD)

Private practices

GIE 284 13.7 21.2 (15.3)**

Non-GIE 1544 74.6 24.9 (12.9)

Total 1828 88.3 32.9 (26.8)

Hospital

GIE 145 7.0 34.7 (27.7)**

Non-GIE 97 4.7 58.6 (35.6)

Total 242 11.7 41.5 (23.4)##

GIE: Gastrointestinal Endoscopy; Non-GIE: other AGP-associated specialties:
otorhinolaryngology, oral and maxillofacial surgery, and dentistry;
SD = Standard deviation.
**Significance level p < 0.01; *Significance level p < 0.05; n. s. not signifi-
cant: comparison of GIE vs. Non-GIE.
##Significance level p < 0.01; #Significance level p < 0.05; n. s. not signifi-
cant: comparison of hospital vs. private practice.
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procedures per day than GIE hospitals and private practices,
respectively (hospitals: 58.6 vs. 34.7, p < 0.01 and private practi-
ces: 24.9, vs. 21.2, p < 0.01).

Distribution of the study participants according to
ZIP-code region and corresponding mean incidences

From the beginning of the pandemic, incidences showed a similar
development in all ZIP-code regions with a wave-like development
from the 12th to the 18th calendar week. A steady increase of in-
cidence rates but varying amplitudes was observed from the 40th
calendar week of 2020 (Supplement 4). Regarding the rate of
new infections during the considered period, the highest mean in-
cidence was observed in the ZIP-code regions 01–09 (195,
SD = 143.0), 90–99 (147, SD = 90.3), and 80–89 (143, SD =71.7),
all of which are located in the eastern part of Germany. The lowest
mean incidences were reported in the ZIP-code regions 20–29
(72, SD = 38.3) in the northern and 30–39 (108, SD =60.6) central
part of Germany (▶ Fig. 1). The largest proportion of participating
medical facilities belonged to the districts with the ZIP-codes 80–
89 (13.4 %), and the most seldomly represented districts were
those of 01–09 (4.8 %) (Supplement 3).

HCW status per specialty

Two thousand seventy medical facilities included in the analysis
comprised a total of 25113 HCW in the respective fields of speciali-
sation (see ▶ Table2). In total, the rate of HCW who were reported
to have had a SARS-CoV-2 infection was 4.7 %, with a significantly
higher proportion of infected HCW in hospitals than private practi-
ces (6.3% vs. 4.0%, p < 0.01). The overall rate was significantly high-
er in GIE than Non-GIE (7.7 % vs. 3.5 %, p > 0.01). GIE and Non-GIE
were significantly different for both private practices and hospitals
(5.3 % vs. 3.6 %, p < 0.01 and 9.9% vs. 3.1 %, p < 0.01), respectively.
Information on the occurrence of SARS-CoV-2 infections on the
facility level can be found in Supplement 5.

Pre-interventional testing

Patients were tested pre-interventionally, significantly more often
in hospitals than in private practices (80.0% vs. 14.1%). In private
practices, Non-GIE specialties tested their patients significantly
more frequently than GIE (15.2 % vs. 7.7 %, p < 0.01). In hospitals,
75.6 % of Non-GIE patients and 82.7% of GIE patients were tested
before procedures (p = 0.06). Furthermore, GIE hospitals reported
testing their patients significantly more frequently using rapid an-
tigen testing than Non-GIE hospitals (36.4 % vs. 22.3 %, p < 0.01)
(▶ Table 3).

Treatment of confirmed SARS-CoV-2 cases

In total, 26.3 % of medical facilities reported to have treated con-
firmed SARS-CoV-2 cases. Hospitals treated patients with SARS-
CoV-2 infection almost four times more often than private practi-
ces (77.3 % vs. 19.5 %, p < 0.01) (▶ Table 4). Overall, GIE treated
significantly more SARS-CoV-2 patients than Non-GIE (32.4 % vs.
24.7 %, p < 0.01). This difference was significant for GIE and Non-
GIE private practices (7.7 % vs. 21.8 %, p < 0.01), but not for the
hospital setting.

Multivariate analysis of risk factors associated
with SARS-CoV-2 infection of HCW

The ZIP-code region significantly influenced the risk of infection of
HCW. The ZIP-code regions 60 to 89 was associated with an in-
creased risk of infection among HCW. For the ZIP-code regions,
01–09 with the highest SARS-CoV-2 incidence rates in Germany,
the risk of infection was 2.04 times higher than the reference
group (95% CI 1.12–3.69, p = 0.019).

Comparing the risk of infection between facilities, HCW in hos-
pitals had 2.63 times (95% CI 2.50 – 2.82, p < 0.01) increased risk
of infection. Comparing the specialty area, HCW in GIE had
2.35 times (95 % CI 2.25–2.50, p < 0.01) increased risk of SARS-
CoV-2 infection. The number of procedures carried out per day
in a medical facility increased the probability of infection, how-
ever, only marginally (OR 1.01, 95 % CI 1.01–1.01), p < 0.01).
Treatment of confirmed SARS-CoV-2 patients was related to in-
creased risk of infection (OR 1.39, 95% CI 1.11–1.63, p = 0.068);
however, this association was only marginally insignificant
(▶ Fig. 2).

▶ Fig. 1 Mean incidence of COVID-19 infection per 100 000 inhabi-
tants in Germany according to the ZIP-code, region beginning from
the 2nd COVID-19-wave (40 h calendar week of 2020) until the end
of the survey (3rd calendar week of 2021) Source: Robert Koch-In-
stitut: SurvStat@RKI 2.0, https://survstat.rki.de, Data request:
02.08.2021.
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Discussion

This study is the first to present cumulative data on the prevalence
of SARS-CoV-2 infection in HCW in different medical subspecialties
and healthcare delivery settings. In particular, this manuscript focu-
ses on medical disciplines associated with AGP, including GIE, ORL,
OMS, and DM. Data from private practices and hospitals were col-
lected via a nationwide questionnaire-based survey conducted in

Germany (83.02 Mio inhabitants) between 16th December and
24th January 2021 [8].

SARS-CoV-2 prevalence

Current data on the prevalence of SARS-CoV-2 infections among
HCW are inconsistent, ranging from 4.3 % to 32.5 % [3, 4, 9, 10,
11, 12, 13, 14, 15]. Our study shows a nationwide HCW-infection

▶ Table 2 SARS-CoV-2-positive HCW according to facility type and specialty.

Specialty Aggregated number
of HCW

Number of SARS-CoV-2
infections

Prevalence of SARS-CoV-2
infection

Private Practice GIE 3324 177 5.3 %**

Non-GIE 14411 527 3.6 %

Hospital GIE 3516 348 9.9 %**

Non-GIE 3862 120 3.1 %

Total GIE 6840 561 7.7 %**

Non-GIE 18273 647 3.5 %

Private Practice 17735 704 4.0 %**

Hospital 7378 468 6.3 %

Total 25113 1172 4.7 %

The relation between specialty and proportion of SARS-CoV-2 positive HCW was statistically tested using chi-square independence test. A model was
calculated for each type of facility and the total sample.
**Significance level p < 0.01; *Significance level p < 0.05; n. s. not significant.
GIE: Gastrointestinal Endoscopy; Non-GIE: other AGP-associated specialties: otorhinolaryngology, oral and maxillofacial surgery, and dentistry; SD:
Standard deviation.

▶ Table 3 Pre-interventional testing according to facility type and specialty.

Total Non-GIE GIE

Number of
facilities

% Number of
facilities

%a Number of
facilities

% p-value

Private practices

No testing 1565 85.9 1303 84.8 262 92.3 < 0.01

Testing 256 14.1 234 15.2 22 7.7

▪ PCR 149 58.2 143 61.1 6 27.3 < 0.01

▪ Antigen 107 41.8 91 38.9 16 72.7 0.89

Hospital

No testing 92 20.0 42 24.4 50 17.3 0.06

Testing 369 80.0 130 75.6 239 82.7

▪ PCR 253 68.6 101 77.7 152 63.6 0.19

▪ Antigen 116 31.4 29 22.3 87 36.4 < 0.01

GIE: Gastrointestinal Endoscopy; Non-GIE: other AGP-associated specialties: otorhinolaryngology, oral and maxillofacial surgery, and dentistry.
PCR: Polymerase chain reaction.
a Rates refer to the total of answers given by participating facilities.
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rate of 4.7 % within the four examined specialties. This infection
rate aligns with a recently published seroprevalence study from
Germany, reporting an HCW-infection rate of 4.6 % in the period
until February 2021 [5]. Due to the current state of research, there
is no consensus regarding the increased infection rate of HCW
compared to the normal population. Jungo et al. (2021) could
not confirm an increased rate of infections in dental offices com-
pared to the normal population [16]. Nevertheless, there is rising
evidence that HCW are at higher risk for SARS-CoV-2 infection

than the general population [4, 5]. At the end of our survey, on
24th January 2021, the RKI officially reported 2 134 936 confirmed
cases in Germany [17]. According to this data, approximately
2.6 % of the German population had been infected with SARS-
CoV-2. Based on these figures, it can be inferred that HCW in-
volved in AGP may have an increased risk of infection compared
to the general population. However, the official figures of the RKI
do not consider unreported cases, as some infections, such as an
asymptomatic course of the disease, may not be recorded in offi-

▶ Table 4 Treatment of confirmed SARS-CoV-2 cases according to facility type and specialty.

Total Non-GIE GIE

Number of
facilities

% Number of
facilities

% Number of
facilities

% p-value

Private practice 356 19.5 336 21.8 22 7.7 < 0.01

Hospital 187 77.3 70 72.2 117 80.7 0.548

Total 545 26.3 406 24.7 139 32.4 < 0.01

GIE: Gastrointestinal Endoscopy; Non-GIE: other AGP-associated specialties: otorhinolaryngology, oral and maxillofacial surgery, and dentistry.

▶ Fig. 2 Multivariate logistic regression of risk factors associated with SARS-CoV-2 infections among HCW. HCW: healthcare worker; GIE: Gastro-
intestinal Endoscopy; Non-GIE: other AGP-associated specialties: otorhinolaryngology, oral and maxillofacial surgery, and dentistry. OR: odds ratio,
CI: confidence interval, LB: lower bound, UB: upper bound, RG reference group.
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cial registries [18, 19]. The project “Dunkelzifferradar”, funded by
the Federal Ministry of Education and Research, used a mathema-
tical model to estimate about 6.5 million infections in Germany by
the end of January 2021. This would have resulted in a Germany-
wide prevalence of 7.8 % at the time of the survey [20, 21]. An-
other estimate is given by the Gutenberg COVID-19 study, which
indicates that around 42% of infections in Germany are undetec-
ted, resulting in a Germany-wide prevalence of 4.5 % at the time
of the survey [22]. Considering these estimates, our study cannot
clearly demonstrate an increased risk for SARS-CoV-2 infection for
HCW in the examined disciplines, except for HCW in GIE hospital
settings who had a prevalence of 9.9 %.

Healthcare setting and AGP procedures

According to our multivariate model, the hospital setting was asso-
ciated with an increased risk of SARS-CoV-2 infection among HCW.
Assuming that patients are a potential source of infection in a med-
ical facility, the number of patients seen per day and the volume of
procedures performed may influence the risk of infection. This con-
sideration was confirmed in our study by a significant association
between the occurrence of infection and the number of procedures
performed per day. Hospitals perform overall more procedures and
more urgent or emergency procedures than private practices. In
addition, hospitals treat COVID-19 patients more often than private
practices. In line with this, our survey showed that hospitals treated
confirmed SARS-CoV-2 patients almost four times more often than
private practices. According to our multivariate model, treatment
of confirmed SARS-CoV-2 cases showed a tendency towards a high-
er risk of infection; however, this association was not significant.

Medical subspecialties

GIE showed a significant association with increased HCW infection
rate in both healthcare delivery settings (hospitals and private
practices). The reason for the higher infection rates in the GIE,
specifically in a hospital setting, might be the higher rate of non-
elective procedures conducted on COVID-19 patients [23], which
is reflected in a higher number of confirmed SARS-CoV-2 cases
treated in GIE specialty. Repici et al. (2020) discussed other spe-
cific characteristics of GIE applicable to private practices, such as
the high level of unnoticed exposure of HCW during endoscopic
procedures [24, 25]. Many COVID-19 patients show gastrointesti-
nal symptoms [26]; hence, they might undergo endoscopic exam-
ination before identifying SARS-CoV-2 infection. Furthermore,
COVID-19 patients often require endoscopic procedures such as
bronchoscopies and gastroscopies due to pulmonary involvement
and bleeding complications, respectively [27]. Another reason for
the higher rate of SARS-CoV-2 positive HCW in GIE, especially in
hospitals, may have been the transfer of HCW from GIE to
COVID-19 wards, implicating direct contact to confirm COVID-19
patients. Data on the risk of infection among HCW in designated
COVID-19 wards is heterogeneous [28, 29, 30]. A monocentric
survey in a tertiary care hospital in Turkey showed an increased
risk of infection for HCW working on COVID-19 wards compared
with non-COVID-19 areas [3].

Pre-interventional testing

Pre-interventional testing may reduce the transmission of SARS-
CoV-2 in medical facilities. In our study, multivariate analysis re-
vealed no significant association of pre-interventional testing
with SARS-CoV-2 infection among HCW in a medical unit. How-
ever, pre-interventional testing of patients was performed only in
roughly 10% of the cases in private practices, with Non-GIE test-
ing twice as often as GIE. Pre-interventional testing was done in all
patients in the hospital setting, irrespective of the medical spe-
cialty (GIE and non-GIE). This notwithstanding, the prevalence of
SARS-CoV-2 positive HCW was significantly higher in hospitals
than private practices, indicating that testing may not play a
crucial role at low to moderate community incidence levels, as
discussed by guidelines [31, 32]. On the one hand, it suggests
that AGP can be safely performed by HCW using adequate perso-
nal protective equipment and following hygienic concepts [33];
on the other hand, it raises the question of how COVID-19 cases
penetrate medical facilities despite a high rate of pre-interven-
tional testing, especially in hospitals. One reason for this may be
the poor sensitivity of antigen tests (between 50% and 60%) of-
ten used for pre-interventional testing [34].

Impact of the local incidence of SARS-CoV-2
on the risk of infection

The prevalence of SARS-CoV-2-infected HCW might depend
strongly on the local incidence rates. According to our multivariate
model, ZIP-code regions with higher mean incidences within the
examined period were associated with a higher risk of infection
than the ZIP regions with lower incidences. However, not all asso-
ciations were significant; for instance, the ZIP-region 90–99 with
the second-highest mean incidence in the considered period was
not significantly different from the region with the lowest mean in-
cidence. This observation highlights the difficulty of associating the
community circulation of infection and local incidence rates to the
prevalence of SARS-CoV-2 infections in medical facilities. Firstly, a
mean incidence reflects a tendency across a defined period, ne-
glecting the development over time. Secondly, medical facilities
might apply protective measures and guidelines, cancel procedures
and limit visitor access to prevent transmission of the infection.
Thirdly, political and social measures to control local transmission
rates may differ even between counties and districts, which may
also affect the transmission within the respective medical facilities.

Limitations

Our study has various limitations, especially inherent to cross-sec-
tional studies. Due to the recruitment strategy via the professional
associations, a selection bias cannot be ruled out. In particular, fa-
cilities that established extensive and costly protective hygiene
measures might have been more motivated to participate in our
study. On the other hand, facilities with infected HCW may also
have been more motivated to participate. Secondly, there is an
uneven distribution of the medical facility types between exam-
ined specialties. For instance, in dental medicine, hardly any hos-
pital was represented compared to the more than 1000 partici-
pating private practices.
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Nonetheless, Non-GIE specialties had significantly more private
practices due to the regional specificity of the respective fields of
activity. Thirdly, this study is cross-sectional; information was
gathered over a considerable period, comprising three quarters of
2020. Finally, all calculations presented in the manuscript are based
on answers provided by a single person, who was usually the head
of the department. Nevertheless, we assume that these answers
can be considered valid as the detected SARS-CoV-2 HCW infection
rate aligns with a recently published German seroprevalence study
among HCW [5]. In addition, the survey was conducted before the
emergence of the Delta and Omikron variant. Whether the results
are applicable to these more infectious variants is not certain.

Despite the limitations mentioned above, the present study is
the first to provide data on prevalence and underlying risk factors
of SARS-CoV-2 infection among HCW in medical disciplines asso-
ciated with AGP, such as GIE, ORL, OMS, and DM. Due to the
results provided in this scientific manuscript, GIE seems to be at
a higher risk of infection compared to the other investigated disci-
plines.
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