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Abstract

Background: Gender differences in vaccine acceptance
among health care workers (HCWs) are well documented,
but the extent to which these depend on occupational
group membership is less well studied. We aimed to deter-
mine vaccine acceptance and reasons of hesitancy among
HCWs of respiratory clinics in Germany with respect to gen-
der and occupational group membership. Methods: An on-
line questionnaire for hospital staff of all professional groups
was created to assess experiences with and attitudes to-
wards COVID-19 and the available vaccines. Employees of
five clinics were surveyed from 15 to 28 March 2021. Results:
962 employees (565 [72%] female) took part in the survey.
Overall vaccination acceptance was 72.8%. Nurses and phy-

sicians showed greater willingness to be vaccinated than
members of other professions (72.8%, 84.5%, 65.8%, respec-
tively; p = 0.006). In multivariate analyses, worries about CO-
VID-19 late effects (odds ratio (OR) 2.86; p < 0.001) and affili-
ation with physicians (OR 2.20; p = 0.025) were independent-
ly associated with the willingness for vaccination, whereas
age <35 years (OR 0.61; p = 0.022) and worries about late
effects of vaccination (OR 0.13; p < 0.001) predicted vaccina-
tion hesitancy; no differences were seen with respect to gen-
der. In separate analyses for men and women, only for men
worries about COVID-19 late effects were relevant, while
among women, age <35 years, worries about late effects of
vaccination and worries about COVID-19 late effects played
a role. Conclusions: There was no overall difference in vac-
cination acceptance between male and female HCWs, but
there were gender-specific differences in the individual rea-
sons on which this decision-making was based.
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Introduction

Since December 2019, the novel coronavirus SARS-
CoV-2 (Severe Acute Respiratory Syndrome-Corona Vi-
rus-2) has been spreading worldwide. In March 2020, the
World Health Organization (WHO) declared COVID-19
a global pandemic. According to the WHO, to date more
than 207 million cases with positive tests have been regis-
tered, of which 5-20% involve health care workers (HCW3s)
[1-5]. The Standing Committee on Vaccination (STIKO)
of the Robert Koch Institut (RKI) in Germany as well as
the WHO have identified HCWs as the highest priority
group for COVID-19 vaccination. The willingness for this
vaccination among HCWs has been reported to range
from 28% to 78% [6]. Male sex, affiliation to physicians,
older age, perceived individual risk of infection, and flu
vaccine during the previous season were reported as posi-
tive acceptance factors for COVID-19 vaccination [6-9].
On the other hand, concerns about the safety of vaccina-
tion and possible side effects could contribute to vaccina-
tion hesitancy. Several studies investigating the general
population as well those HCWs identified male gender as
important factor for vaccination acceptance [6]. Similar
findings were obtained for nurses [6, 10]. In these analy-
ses, however, gender-specific associations with occupa-
tional groups were scarcely taken into account.

In view of the increasing availability of COVID-19
vaccines, the question of vaccination acceptance has an
important social significance. As the success of vaccina-
tion not only relies on its efficacy but also on the coverage
of vaccination, it is crucial to understand the factors in-
fluencing acceptance or reluctance. The staff members of
pulmonary clinics are at particular risk for SARS-CoV-2
infection due to their special role in the care of COVID-19
patients. Consequently, they were among the first ones
who had to make a decision on vaccination.

Based on this and the known differences in attitudes
towards risks and benefits, it is of interest to investigate
the individual reasons of HCWs for or against vaccina-
tion, considering gender-specific aspects and occupa-
tional group membership. We therefore performed this
type of analysis in a number of specialized lung clinics in
Germany in the spring of 2021.

Materials and Methods

Subjects and Sampling

A study-specific, 30-item questionnaire was created to conduct
the survey (online suppl. material; for all online suppl. material, see
www.karger.com/doi/10.1159/000522518). Four German lung
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clinics  (Thoraxklinik Heidelberg, Asklepios-Fachkliniken
Miinchen-Gauting, LungenClinic Grosshansdorf, Fachkliniken
Wangen) and one lung rehabilitation clinic (Rehaklinik Bad
Reichenhall) took part in this multi-centre study. All HCWs, in-
cluding administrative personnel, were invited by e-mail to par-
ticipate in the survey. In addition, a total of 900 flyers were distrib-
uted within the clinics. To take part in the survey, it was required
to access the link sent by e-mail or to scan a QR code. An informa-
tion sheet about scope of the study and data management was in-
cluded at the beginning of the questionnaire. A second e-mail was
sent as a reminder 1 week after the first invitation e-mail. Data
were collected anonymously via the online survey system Lime-
Survey® from 15 March 2021 to 28 March 2021.

The questionnaire addressed: (1) demographical characteris-
tics (age, gender, profession, hospital and department, history of
SARS-CoV-2 infection, previous vaccination against SARS-
CoV-2), (2) perceived risk of infection (high risk-working area,
contact to patients), (3) effect of work-related risk of infection on
private life, (4) concerns about COVID-19, (5) intention to get vac-
cinated against SARS-CoV-2, (6) concerns about SARS-CoV-2
vaccination. Some answers were recorded as binary variable (e.g.,
“Do you have or have you had COVID-19 yourself’?), others by a
five-point Likert scale: “fully applies, applies, applies partially,
rather not applies, does not apply” (online suppl. material).

Data Analyses

The analysis aimed at demographic and attitudinal factors of the
participants. To identify suitable variables for regression modelling, we
first conducted univariate analyses using x* statistics and Student’s ¢
tests. Results were reported as absolute numbers, percentages, and
odds ratios (ORs) with 95% confidence interval (95% CI). Variables
with significant correlations or differences in univariate analyses (p <
0.05) were included in multiple (logistic) regression models. As it was
possible to skip items of the questionnaire, invalid answers (i.e., “no
answer”) were possible; these data were excluded from the analysis for
each question independently. To analyse the willingness for vaccina-
tion, we defined a binary variable comprising “applies” and “fully ap-
plies” from the Likert scale as positive vaccination acceptance. More-
over, to compare professions of direct patient care, such as physicians
and nurses, with other professional groups, we defined a summary
variable (“group 17) including administration, cleaning service, laun-
dry, patient transport, kitchen, casino, technical department, pharma-
cy, and clinical lab. Statistical analysis was performed using SPSS ver-
sion 27.0 software, and p values <0.05 were considered as statistically
significant.

Ethical Considerations

This study was approved by the Ethics Committee of the Med-
ical Faculty, University of Heidelberg (Number: S-042/2021) and
all regional Ethics Committees (Medical Faculty, Ludwig-Maxi-
milians-University Miinchen; Medical Faculty, University of Lii-
beck). The regional scientific Ethics Committee of the State Medi-
cal Association of Baden-Wiirttemberg concluded that this study
did not require an additional scientific ethical approval. Before the
approval by the Ethics Committees, the questionnaire was submit-
ted to each workers’ council of the participating clinics for review.
The e-mail invitation provided participants with additional infor-
mation on data processing. By clicking on the link and filling in the
questionnaire, the participants agreed to the anonymous process-
ing of the data provided.
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Table 1. Demographic characteristics of

responders to the survey Demographic characteristics N (%)
Gender (information provided) 785
Male 220(28)
Female 565 (72)
Age group (information provided) 772
18-25 years 60 (7.8)
26-35 years 169 (21.9)
36-45 years 193 (25.0)
46-55 years 196 (25.4)
56-65 years 147 (19.0)
>65 years 7(0.9)
Profession (information provided) 762
Nursing service 234 (30.7)
Medical service 148 (19.4)
Pharmacy/clinical lab 17 (2.2)
Cleaning service, laundry, patient transport, kitchen, casino 8(1.0)
Technical department 22(2.9)
Administration 119 (15.6)
Others 214 (28.1)
Lung clinic (information provided) 762
Thoraxklinik Heidelberg 303 (39.7)
Asklepios Gauting 114 (14.9)
Klinik Bad Reichenhall 41 (5.3)
LungenClinic Grosshansdorf 113 (14.8)
Fachkliniken Wangen 191 (25.0)
Working department (information provided) 643
Anaesthesia 36 (5.5)
Thoracic surgery 48 (7.4)
Pneumology 215(33.4)
Thoracic oncology 57 (8.8)
Clinical research 29 (4.5)
Others (physiotherapists, social services) 258 (40.1)

Results

Demographic Characteristics of Participants

By 28 March 2021, 962 HCWs including administra-
tive staff participated in the survey. Their demographic
characteristics are displayed in Table 1. Information on
male or female gender was available for 785 participants;
565 (72%) were female. Regarding professions, 235
(30.7%) were part of the nursing service, 148 (19.4%) of
the medical staff, 17 (2.2%) of pharmacy and laboratory
staff, 22 (2.9%) of technical departments, 119 (15.6%) of
administration, 8 (1.0%) of cleaning service, laundry, and
patient transport, and 214 (28.1%) from other depart-
ments (physiotherapists, respiratory therapists, social
services, psychologists, medical-technical assistants,
medical assistants, medical students). A total of 525
(65.9%) participants were patient-facing HCWs, and 315
(39.6%) operated in high-risk areas (i.e., intensive care
unit, endoscopy, operating room, COVID-19 depart-
ment, smear test ambulance).

COVID-19 Survey of Health Care
Workers from Lung Clinics in Germany

Worries About COVID-19 Disease and COVID-19

Vaccine

For all items addressing worries about infection and
possible consequences of COVID-19 disease, there was a
significant relationship between perceived risk and vac-
cine acceptance (Fig. 1a-d). Worries about late effects of
COVID-19 was strongly associated with the intention to
undergo vaccination (p < 0.001; Fig. 1d), while high rat-
ings of the chance of allergic reactions (p < 0.001) and
worries about late effects of vaccination (p < 0.001) cor-
related with vaccination hesitancy (Fig. 1g, h). Concerns
about safety also affected vaccination acceptance (p <
0.001), although participants still showed a high rate of
willingness for vaccination (Fig. 1f).

Vaccine Acceptance/Vaccine Hesitancy

The overall vaccination acceptance was 72.8%, and 571
participants (68.5%) reported to have been vaccinated.
We compared participants with versus those without ac-
ceptance of vaccination. For those working in high-risk

Respiration 3
DOI: 10.1159/000522518



Does not apply Does not apply . Z:ccecpr;:nce
Tends not to apply Tends not to apply u XZ:i?annecy
Applies part|a|ly Applies partially
Appl|es Applies
Fully applies Fully applies
No answer No answer
15 100 1(|)O 1.%0 150 100 1(|)0 150
a Fear of contracting COVID-19 b Fear of a severe course of the disease
Does not apply_ Does not apply_
Tends not to apply_ Tends not to apply_
Applies partially_ Applies partially
Applies_ Applies
Fully applies_ Fully applies
No answer_ No answer
200 100 100 2(|)0 150 100 1(|)0 1é0
c Fear of dying from COVID-19 d Fear of COVID 19 Iate effects
Does not apply_ Does not apply_
Tends not to apply Tends not to apply
Applies partially Applies partially
APplies Applies
Fully applies Fully applies
No answer No answer_
250 150 5 1%0 2.%0 200 100 1(I)O 2(|)O
e FIu—vaccmation s safety f COVID-19-vaccination'’s safety
Does not apply_ Does not apply_
Tends not to apply Tends not to apply
Applies partially Applies partially
Applies Applies
Fully applies Fully applies
No answer No answer
250 150 1!|50 2!|30 200 100 100 2(|)0
g Fear of acute reactions COVID-19 vaccine h Fear of late effects COVID-19 vaccine
(For legend see next page.)
Respiration Presotto et al.

DOI: 10.1159/000522518

Color version available online



areas, vaccination acceptance reached 77.9% (p = 0.009;
Table 2), while it was lower among those not involved in
direct patient care (66.8%, p = 0.002). Regarding occupa-
tional groups, overall rates of willingness for vaccination
were 98/116 (84.5%) in physicians, 150/206 (72.8%) in
nurses, 141/185 (76.2%) in other HCWSs involved in pa-
tient care, and 100/152 (65.8%) in group 1 (p = 0.006). The
willingness to undergo vaccination increased with age (p
= 0.006), except for respondents of age >65 years, who,
however, represented only a small number of subjects.
Gender did not significantly correlate with vaccine accep-
tance (females 72.2%, males 77.5%; p = 0.095; Table 2).
In multiple logistic regression analyses, worries about
COVID-19 late effects (OR 2.86; 95% CI: 1.88-4.34; p <
0.001) and affiliation with physicians (OR 2.20; 1.10-4.38;
p =0.025) were associated with increased willingness to be

vaccinated. In contrast, age <35 years (OR 0.61; 0.40-0.93;
p =0.022) and fear of late effects of vaccination (OR 0.13;
0.08-0.16; p < 0.001) predicted vaccination hesitancy (Ta-
ble 3). When analyses were stratified by gender (online
suppl. Table S1, S2), age <35 years correlated with vaccine
hesitancy in females (OR 0.57; 95% CI: 0.35-0.93; p =
0.025) but not in males (OR 0.73; 95% CI: 0.29-1.81; p =
0.493). Worries about COVID-19 late effects were related
to higher vaccination willingness in females (OR 3.68;
95% CI: 2.28-5.94; p < 0.001) but not in males (OR 1.70;
95% CI: 0.69-4.17; p = 0.248). There was only a tendency
in male physicians to be more inclined to accept vaccina-
tion (OR 2.84; 95% CI: 0.81-9.97; p = 0.104). The fear of
possible late adverse effects of the SARS-CoV-2 vaccine
was associated with vaccine hesitancy irrespective of gen-
der but tended to be stronger in males (Fig. 2a, b).

Table 2. Demographic characteristics and answers to 4 questions of the survey stratified for vaccine acceptance or hesitancy

All Ready to be Notready tobe  pvalue
vaccinated, % vaccinated, %
Gender (female/male) 486/187  72.2/77.5 27.8/22.5 0.095
Age groups
18-25 years 56 53.6 46.4 0.006
26-35 years 151 72.8 27.2
36-45 years 164 77.4 22.6
46-55 years 163 73.0 27.0
56-65 years 126 78.6 214
>65 years 6 66.7 333
Unknown 28 571 429
Professional groups
Group 1* 152 65.8 34.2 0.006
Nurses 206 72.8 27.2
Physicians 116 84.5 15.5
Others 185 76.2 23.8
Questions
Do you have or have you had COVID-19 yourself? (yes/no) 59/635 69.5/73.1 30.5/26.9 0.325
Are you involved in direct patient care? (yes/no) 340/159  76.7/66.8 23.3/33.2 0.002
Have you had contact with patients with COVID-19 in the last 3 months?
(yes/no) 325/210 75.4/69.5 24.6/30.5 0.072
Do you work in a “high-risk area”? (yes/no)** 291/208  77.9/70.3 22.1/29.7 0.009

Statistical comparisons between the two groups were based on contingency tables and x? statistics. Statistically significant differences
(p < 0.05) are marked in bold type. * Group 1: administration, cleaning service, laundry, patient transport, kitchen, casino, technical
department, pharmacy, clinical lab. ** Risk area: operating theatre, endoscopy, COVID ward, intensive care unit, tests ambulance, emergency

room.

Fig. 1. Fears about COVID-19 disease and COVID-19 vaccine. a-d
Histograms for fears about COVID-19 disease. I am very afraid of
contracting COVID-19 (p <0.001) (a), Iam very afraid about a severe
course of the disease (p = 0.004) (b), I am afraid that I might die from
COVID-19 (p < 0.001) (c), I am afraid of COVID 19 late effects (p <
0.001) (d). *p value <0.05. e-h Histograms for fears about CO-

COVID-19 Survey of Health Care
Workers from Lung Clinics in Germany

VID-19 vaccine. I consider the vaccinations against other viruses
such as influenza to be sufficiently tested (p < 0.001) (e), I consider
the currently available vaccines against COVID-19 to be sufficiently
tested (p < 0.001) (f), Thave concerns about possible allergic reactions
to the vaccination (p < 0.001) (g), I have concerns about possible late
effects of vaccination (p < 0.001) (h). *p value <0.05.
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Fig. 2. a, b Vaccination acceptance and hesitancy. ORs according
to multiple logistic regression analyses in males (a, see online sup-
pl. Table S1) and females (b, see online suppl. Table S2) illustrating
the effect of several individual characteristics on vaccination ac-
ceptance. Fear of COVID-19 late effects was a positive predictor of
vaccine acceptance, fear of late effects of vaccination a negative
predictor. Moreover, younger age (<35 years) was a negative pre-

dictor, and being a physician a positive predictor but not all of
these were statistically significant (p < 0.05), and there were differ-
ences between males and females. Professional groups were anal-
ysed relative to group 1 (**administration, cleaning service, laun-
dry, patient transport, kitchen, casino, technical department, phar-
macy, clinical lab).

Table 3. Determinants of vaccination acceptance in multiple binary logistic regression analysis for men and women

(n=654)
Predictor B SE OR 95% Cl for OR p value
lower upper

Gender male/female 0.05 0.25 1.05 0.65 1.71 0.842

Age <35 years -0.50 0.22 0.61 0.40 0.93 0.022

Fear of COVID-19 late effects 1.05 0.21 2.86 1.88 4.34 <0.001

Fear of late effects of vaccination -2.07 0.21 0.13 0.08 0.19 <0.001

Professional groups (overall) 0.136
Relative to group 1* - - - - - -
Nurses 0.14 0.27 1.15 0.67 1.97 0.615
Physicians 0.79 0.35 2.20 1.10 4.38 0.025
Others 0.32 0.28 1.38 0.79 2.41 0.258

Predictors were gender, age <35 years, fear of COVID-19 late effects, fear of late effects of vaccination, and
professional groups. B, unstandardized estimate; SE, standard error; OR, odds ratio (= exp [B]); 95% Cl, 95%
confidence interval of OR. * Group 1: administration, cleaning service, laundry, patient transport, kitchen, casino,
technical department, pharmacy, clinical lab. Statistically significant differences (p < 0.05) are marked in bold type.

Discussion

This study aimed to determine the degree of vaccine
acceptance and the reasons of acceptance and hesitancy
among employees of lung clinics in Germany and to anal-
yse these for their relationship to occupational group
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membership and gender. Almost three-quarters of re-
sponders were willing to become vaccinated against CO-
VID-19, with the highest rate in HCWs employed in
high-risk areas. These results are consistent with previous
reports [7,8, 11]. We hypothesized that the confrontation
with COVID-19 and the burden of caring for COVID-19
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patients in lung clinics would be especially suited to reveal
attitudes and motivations regarding COVID-19 and vac-
cination in HCWs and to study the role of both occupa-
tion group and gender for this. We tried to cover a broad
panel of motivations including the desire to avoid the
consequences of infection for the own health and that of
relatives, colleagues, and patients, but also concerns and
expectations regarding vaccination.

The willingness to get vaccinated differed between
professional groups. Administrative staff and employees
in cleaning service, laundry, patient transport, and kitch-
en were less inclined towards vaccination, but these data
should be considered with caution, given the small num-
ber of participants in these groups. On the contrary, pa-
tient-facing activity and employment in high-risk areas
were positively related to vaccine acceptance. However,
when interpreting these data, it has to be considered that
the number of survey respondents was unevenly distrib-
uted across occupational groups; in fact, 50% of respon-
dents were split between physicians and nurses, possibly
leading to misinterpretation. This survey also detected a
difference in acceptance between physicians and nurses
(84.5% vs. 72.8%), in line with previous studies on vaccine
acceptance among HCWs [7, 8].

However, different from previous reports [11], after
adjustment for covariates some differences in acceptance
with respect to gender turned insignificant. If stratified by
gender, the professional role was no more a major deter-
minant of the attitude pro or con vaccination, and other
factors became relevant which differed between men and
women. In men, only the fear of COVID-19 late effects
was important, whereas in women of age <35 years, fear
of late effects of vaccination and fear of COVID-19 late
effects played a role. In our survey, about one-third of re-
spondents reported concerns about the safety of the
SARS-CoV-2 vaccine. Among these, 21.3% fear potential
allergic reactions and 53.9% considered the available vac-
cines as insufficiently tested. For all items concerning
worries about COVID-19, female respondents tended to
rate these higher than males, suggesting that women were
more likely to accept vaccination because of their fear of
COVID-19 disease. In contrast, males were less influ-
enced by possible complications of the COVID-19 dis-
ease and more afraid of short-term side effects of vaccina-
tion. This demonstrates that the absence of a difference
in vaccination acceptance between male and female
HCWs does not allow the conclusion that the reasons
were the same. Our findings also underline that occupa-
tional exposure to COVID-19 patients and awareness of
the implications of SARS-CoV-2 infections lead to in-

COVID-19 Survey of Health Care
Workers from Lung Clinics in Germany

creased acceptance of vaccination and outweighs as-
sumed risks irrespective of the role in the health care sys-
tem.

When interpreting the results, the time during which
the investigation was conducted should be considered. At
the beginning of March 2021, newspapers and television
in Germany began reporting on a possible correlation be-
tween the AstraZeneca COVID-19-vaccine and cerebral
venous thrombosis. In this phase, employees of partici-
pating clinics were offered the possibility of becoming
vaccinated with one of two drugs, i.e., Vaxzevria® (Astra-
Zeneca) or Comirnaty® (Biontech/Pfizer), depending on
availability. The official reccommendation to limit the ad-
ministration of Vaxzevria® to people above 60 years of
age was not published until 30 March 2021 [12], i.e., two
days after the closure of our survey. It might be that the
availability of such information would have influenced
vaccination acceptance among the participants. It is also
clear that the public attention led to a dynamic situation
regarding the evaluation of risks from COVID-19 as well
as vaccination. Still, it seems likely that the gender differ-
ence in the reasons reported by the HCW's was not criti-
cally dependent on this. Nevertheless, the role of the me-
dia has to be taken into account in further investigations,
although it might be difficult to assess in each individual
case.

Our study has several limitations. First, the number of
survey participants was unequally distributed across occu-
pational groups, with 50% of respondents employed in
nursing and medical service, 72% female, and only 0.9%
over 65 years old. Furthermore, due to data safety restric-
tions, it was not possible to collect clinical information of
participants (e.g., comorbidities, smoking habits, pregnan-
cy) and data could not be adjusted for demographic char-
acteristics, potentially leading to confounding. Our survey
was conducted anonymously, so we had no opportunity to
check the veracity of the participants’ statements. As reli-
ability of anonymous online reports is well studied [13, 14],
we are inclined to believe that the answers of the partici-
pants are trustworthy. It also should be considered that vac-
cination acceptance is likely to be a snapshot and related to
the time and place at which the data are collected. This also
refers to the recommendation for Vaxzevria® regarding
age. As reported for Italy [15], vaccine acceptance might be
greater in regions highly affected by the pandemic, but we
considered our data as not sufficiently detailed to address
this question. There are no hints that our findings regarding
gender have been influenced by this.

In conclusion, we observed a high rate of vaccination
acceptance among HCWs in lung clinics in Germany, es-
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pecially among those employed in high-risk- and patient-
facing areas. The perception of risks from COVID-19 and
from vaccination was dependent on gender. When strat-
ified by gender, the significant differences in vaccination
acceptance between nurses and physicians disappeared.
These findings demonstrate that it is important to differ-
entiate according to both occupational group and gender
in analyses that aim to describe and understand the indi-
vidual attitudes towards COVID-19 and SARS-CoV-2
vaccination.
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